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When  the  first  volume  appeared  (January,  1903),  it  was 
believed,  as  stated  in  the  preface,  that  the  second  volume,  a 
considerable  portion  of  which  had  already  been  written,  would 
appear  in  a  few  months.  It  soon  became  evident,  however,  that 
the  results  hoped  for  would  be  best  attained  by  modifying  the 
original  plan,  both  as  to  the  tenor  of  the  present  volume  and 
as  to  the  date  of  its  publication.  While  many  practitioners  of 
medicine  gave  the  first  volume  considerable  attention  and 
showed  their  deep  interest  in  various  ways,  investigators,  physi- 
ologists, pathologists,  histologists,  etc.,  failed  to  do  so.  As  I 
had  hoped  much  from  their  support,  particularly  that  of  the 
physiologists — the  first  volume  being  in  reality  but  an  outline 
of  observations  and  conclusions  which  I  thought  might  bear 
fruit  through  their  special  knowledge — but  one  course  was  left 
open  to  me:  that  of  trying  to  accomplish  myself  what  I  had 
hoped  of  them. 

The  need  of  such  an  effort  was  deemed  necessary  owing  to 
the  present  status  of  Medicine  even  among  those  from  whom 
the  profession  should  obtain  encouragement  and  support. 
Osier's  public  declaration^  that  of  the  action  of  drugs  "we  knew 
little"  though  we  "put  them  into  bodies  the  action  of  which 
we  know  less,"  sustained  by  Lewellys  F.  Barker's  estimate  pub- 
lished about  the  same  time,^  "that  drugs  of  unknown  physio- 
logical action  cannot  conscientiously  be  set  to  act  upon  bodily 
tissue  in  disease  in  which  we  are  ignorant  of  deviations  from 
the  normal,''  sinks  deeply  into  the  very  foundation  of  our  pro- 
fessional ethics.  Indeed,  it  involves  the  sweeping  conclusion 
that  our  ignorance,  in  this  connection  at  least,  applies  to  dis- 
ease as  well  as  to  therapeutics— in  a  word,  to  all  that  which, 
endows  us  with  the  right  to  accept,  with  any  degree  of  self- 
respect,  the  confidence  which  suffering  humanity  places  in  us. 

It  is  not  my  purpose  to  take  issue  with  these  frank  ex- 
pressions of  opinion.    In  fact,  were  I  to  do  so,  I  would  con- 


1  Osier:  N.  Y.  Sun,  Jan.  27,  1901. 

2  Lewellys  F.  Barker:  Bull.  Johns  Hopkins  Hosp,,  July-Aug.,  1900. 
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ceal  similar  conclusions  reached  nearly  twenty  years  ago,  when, 
as  editor  of  the  "Annual  of  the  Universal  Medical  Sciences/' 
it  became  my  lot  to  collate,  with  the  valued  collaboration  of 
many  associates,  the  multitude  of  data,  clinical  and  experi- 
mental, which  were  accumulating  from  year  to  year.  Nor 
do  they  conflict  with  the  prevailing  estimate  of  the  therapeu- 
tic worth  of  Medicine  among  the  bestTinformed  medical  men 
abroad.  Skoda's  dictum  of  several  years'  standing,  "that  we 
can  diagnose  disease,  describe  it,  and  get  a  grasp  of  it,  but  we 
dare  not  expect  by  any  means  to  cure  it,"  has  drifted  along, 
on  the  ripples  of  time,  until,  in  the  year  of  our  Lord,  1907,  the 
president  of  a  prominent  British  society,  Dr.  A.  H.  Brampton,* 
found  it  opportune  to  declare  that  "if  any  daring  member  has 
introduced  a  subject  bearing  on  medical  treatment,  it  has  been 
with  an  apologetic  air  and  humble  mien,  well  knowing  that  if 
his  remarks  had  any  reference  to  the  utility  of  drugs  in  the 
treatment  of  disease  they  would  be  subjected  to  good-humored 
banter,  and  received  by  those  sitting  in  the  seat  of  the  scornful 
with  amused  incredulity."  My  aim  now,  as  it  was  when 
"Internal  Secretions"  was  first  projected,  is  to  indicate  what  to 
me,  at  least,  appears  to  be  the  main  cause  of  the  deplorable 
state  of  practical  Medicine  of  our  day,  and  if  possible  to  elim- 
inate it. 

When,  twenty  years  ago,  I  was  brought  face  to  face  with 
the  mass  of  heterogeneous  material  we  term  the  "Medical 
Sciences,"  and  with  the  yearly  crop  of  contradictory  theories 
upon  each  disease,  mode  of  treatment,  etc.,  I  soon  realized  that 
some  gigantic  flaw  could  alone  account  for  so  great  a  confusion. 
In  the  preface  of  the  1888  issue,  I  had  stated  that  the  "Annual" 
was  intended  "to  become  a  helpmate  to  the  practitioner  in  his 
efforts  to  relieve  suffering,  and  to  assist  the  investigator  by 
correlating  facts,  thus  enabling  him  better  to  compare." 
Whether  much  comparison  was  indulged  in  by  others  I  can- 
not say,  but  the  fact  remains  that,  as  far  as  my  own  position 
in  the  matter  was  concerned,  I  began  then  and  there  to  seek  for 
the  flaw  referred  to.  I  must  frankly  confess  that  its  identity 
was  not  difficult  to  find,  namely:  the  invalidity  of  Physi- 
ology. Never,  when  it  came  to  tracing  a  pathological  condition. 


8  A.  H.  Brampton  :  Lancet,  Jan.  19,  1907. 
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the  effect  of  a  remedy,  the  nature  of  a  symptom,  or  any,  in  fact, 
of  the  many  phenomena  which  to  us  practitioners  are  of  para- 
mount importance  in  diagnosis  or  therapeutics,  was  it  possible 
to  trace  to  its  source  the  chain  of  events  through  wliich  a 
normal  function  had  more  or  less  suddenly  become  abnormal. 
Invariably  it  was  found  that  either  the  physiologists  had 
failed  altogether  to  discern  the  nature  of  that  function,  or, 
if  an  attempt  had  been  made  by  them  to  explain  it,  it  was 
laden  with  so  many  inconsistent  and  obviously  mutually  contra- 
dictory conclusions  that — although  perhaps  quite  scientific  in 
their  eyes — it  was  more  misleading  than  helpful  in  the  expla- 
nation of  the  morbid  condition  analyzed. 

To  illustrate  these  statements,  I  will  submit  a  few  of  the 
more  salient  deficiencies  referred  to.  The  process  of  respira- 
tion, which  includes  pulmonary  respiration  and  oxygenation  of 
the  blood  and  tissues,  at  once  asserts  itself  as  of  capital  import- 
ance, since  it  involves  the  functions  of  all  organs,  the  vital 
process,  and  also  every  morbid  process.  In  January,  1903,  I 
urged  that  this  function  as  taught  by  physiologists  failed  to 
satisfy  our  needs,  and  suggested  new  paths  for  research.  Two 
years  later.  Professor  Chas.  R.  Barnes,  of  the  botanical  de- 
partment of  the  University  of  Chicago,*  wrote:  "I  found  it 
needful  to  examine  the  recent  literature  of  respiration  in  ani- 
mals, the  aspect  of  the  general  subject  with  which  I  felt  myself 
least  familiar.  I  found  to  my  great  surprise,  that  animal 
physiologists  have  concerned  themselves  very  little  with  the 
essential  problems  of  respiration."  Then,  naming  our  best- 
known  text-books  on  physiology,  he  added :  "I  found  no  treat- 
ment whatever,  indeed,  no  mention  whatever,  of  the  real  prob- 
lems of  respiration,  that  is,  of  what  is  happening  in  the  tissues, 
the  process  of  which  these  external  phenomena  are  the  sign." 
The  late  Sir  Michael  Foster^  also  closed  a  study  on  metabolism 
in  the  last  edition  of  his  text-book  with  the  statement  that, 
after  all,  it  "consists  mostly  of  guesses  and  gaps."  Even  the 
apparently  simple  process  through  which  the  blood  acquires  its 
oxygen  from  the  air  in  the  pulmonary  alveoli  is  at  present 
unknown  to  physiologists,  their  gasometric  experiments  being, 


*  C.  R.  Barnes:  Science,  Feb.  17,  1905. 

6  Sir  Michael  Foster:  cited  by  W.  G.  Little  :  Liverpool  Med.-Chir.  Jour.,  Jan.,  1905. 
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as  stated  by  Pembrey/  "very  discordant"  and  inadequate  to 
explain  "the  absorption  of  oxygen  by  the  lungs." 

If  the  full  meaning  of  these  deficiencies  is  apprehended, 
their  appalling  consequences  will  appear.  The  pulmonary 
air-cells  are  the  main  barriers  to  infection:  their  surface  is 
the  seat  of  multiplication  of  the  pneumococeus,  while  their 
walls  afford  a  nidus  for  the  tubercle  bacillus.  It  is  here,  there- 
fore, that  the  initial  lesions  of  the  two  great  destroyers  of 
mankind,  pneumonia  and  tuberculosis,  are  formed.  Now,  ade- 
quate knowledge  of  the  processes  with  which  oxygen  is  con- 
cerned precisely  in  this  location,  would  be  a  boon  indeed:  it 
would  enable  us  probably  to  discern  just  how  Nature  defends 
the  body  against  infection.  As  to  the  morbid  processes  con- 
nected with  tissue  respiration,  I  pointed  out  in  the  first  vol- 
ume,''  two  years  before  Beard  suggested  its  use  as  a  remedial 
agent,  that  trypsin  was  the  direct  destructive  agent  in  another 
dread  disease,  cancer.  Trypsin  is  now  known  to  take  part  in 
tissue-metabolism.  If  we  had  something  better  than  the 
"guesses  and  gaps"  referred  to  at  our  disposal  to  study  this 
next  greatest  foe  of  humanity,  I  venture  to  suggest  that  it 
would  soon  be  conquered. 

Another  great  function  is  nutrition.  Our  first  need  to 
interpret  intelligently  gastro-intestinal  infections,  is  a  clear 
understanding  of  ferments.  A  most  able  physiologist,  Benja- 
min Moore,*  wrote  recently:  "Little  is  known  regarding  the 
chemical  nature  of  enzymes,  because  all  attempts  to  isolate 
them  in  a  state  of  purity  have  hitherto  failed."  Another  au- 
thority, Halliburton,^  also  writes :  "The  process  through  which 
the  digested  food-stuffs  are  absorbed  from  the  alimentary  canal 
is  quite  as  obscure."  Thus,  HowelP°  writes:  "The  energy 
that  controls  absorption  resides  ....  in  the  wall  of  the  intes- 
tine, presumably  in  the  epithelial  cells,  and  constitutes  a  spe- 
cial form  of  imbibition  which  is  not  yet  understood."  Accord- 
ing to  Beddard,"  "we  know  nothing  of  the  path  taken  by  the 
products  of  proteid  and  carbohydrate  digestion."  Howell^^  also 

6  Pembrey :  Schafer's  "T.  B.  of  Phys'ol.,"  vol.  i,  p.  776,  1898. 
'  SmJous  :  Cf.  vol.  i.,  pp.  609  to  666  incl.,  1903. 

8  Moore  :  Hill's  "  Recent  Advancps  in  Physiol.,  etc.,"  p.  117,  1906. 

9  Halliburt  n  :  "Biochemistry  of  Muscle  and  Nerve,"  p.  30,  1904. 
10  Howell :  "  ^.  B.  (  f  Physiol.  "  p.  713.  1905. 

"  Beddard  :  Hill's  "Recent  Advances  in  Physiol.,  etc.,"  p.  643,  1906. 
12  Howell :  Loc.  eii.,  p.  716,  1905. 
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says:  "The  form  in  which  proteid  is  absorbed  remains  ,  .  .  . 
a  mystery."  Again,  if,  as  text-books  on  physiology  teach,  the 
food-stuffs,  duly  prepared,  were  taken  up  at  all  by  the  blood, 
they  should  be  found  in  the  latter.  But,  as  stated  by  Mendel,^^ 
"Beyond  the  intestinal  wall,  in  the  blood  and  lymph-stream, 
the  cleavage  products  seem,  for  the  most  part,  to  be  missing." 
Finally,  once  in  the  blood,  the  fluid  proteids  should  be  readily 
diffusible  to  penetrate  freely  to  the  tissue-cell.  HowelP*  states : 
"The  proteids  of  the  blood,  which  are  supposed  to  be  so  im- 
portant for  the  nutrition  of  the  tissues,  are  practically  indiffus- 
ible,  so  far  as  we  know.  It  is  difficult  to  explain  their  passage 
from  the  blood  through  the  capillary  walls  into  the  lymph." 

The  problem  of  nutrition  is  evidently  no  more  solved  by 
physiologists  than  those  of  respiration  and  tissue  metabolism. 
The  consequences  to  us  are  quite  as  deplorable.  Asiatic 
cholera,  typhoid,  infantile  diarrhcea,  and  kindred  disorders  are 
closely  related  with  all  intestinal  functions,  and  in  absorption 
lies  the  key-note  to  general  infection.  How  can  we  possibly 
obtain  a  clear  conception  of  all  these  dread  diseases  with  such 
a  foundation  as  physiology  affords  us? 

The  third  great  question  is  the  manner  in  which  function 
is  incited  in  an  organ.  As  shown  by  Claude  Bernard,  over  fifty 
years  ago,  this  is  due  to  dilation  of  the  arteries  of  that  organ; 
more  blood  passing  through  it,  it  functionates.  Notwithstand- 
ing considerable  work  done  upon  the  problem  ever  since,  the 
manner  in  which  this  function  is  carried  out  is  quite  unknown. 
Naturally,  to  admit  more  blood  into  an  organ,  the  nutrient 
arteries  must  be  dilated.  Now,  in  his  summary  of  vasomotor 
actions,  Foster,^^  for  instance,  says,  referring  to  the  presence 
of  dilator  nerves  in  muscles:  "There  is  no  adequate  evidence 
that  these  vasodilator  fibers  serve  as  channels  for  tonic  dilating 
impulses  or  influences."  While  Landois,^®  in  the  last  edition 
of  his  text-book,  holds  that  "although  a  center  for  vasodilator 
or  vessel-relaxing  nerves  has  not  yet  been  demonstrated,  the 
existence  of  such  a  center  in  the  medulla  may  nevertheless  be 
suspected,"  J.  G.  Curtis^''  states  that  "it  is  not  known  whether 

18  Mendel :  Med.  News,  May  20,  1905. 
"  Howell :  Loc.  ci  .,  p.  886. 

15  Foster:  "T.  B.  of  Phvsiol.  ''  sixth  American  edition,  p.  229,  1895. 

16  Landois  :  "T.  B.  of  Physiol.,"  tenth  edition,  p.  771  1905. 

"  J.  G.  Curtis  :  "  Amer.  T.  B.  of  Ihysiol.,"  vol  i,  p.  199,  1900. 
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a  vasodilator  center  is  present  in  tlie  bulb/'  The  actual  state 
of  the  question  is  aptly  summarized  by  H.  C.  Chapman,^*  when 
he  says:  "Though  numerous  explanations  have  been  offered 
of  the  manner  in  which  the  vasodilator  nerves  act,  it  must  be 
admitted  that  none  of  them  are  satisfactory,  and  that  it  is  not 
yet  understood  how  this  stunulation  causes  dilatation  of  the 
blood-vessels." 

Now,  the  bearing  of  this  physiological  process  upon  patho- 
genesis and  therapeutics  may  be  said  to  be  limited  only  by  the 
total  number  of  diseases  to  which  the  human  frame  is  exposed, 
since  all  disorders  are  functional  or  organic,  and  all  organic 
diseases  impair  function  at  a  given  time.  A  possible  exception 
suggests  itself,  namely,  the  nervous  system.  But  here,  again, 
the  deus  ex  macliina  of  the  fimction  as  a  whole,  the  nerve- 
impulse,  has  remained  hidden.  As  Landois^"  says,  "the  nature 
of  the  physiological  nerve-stimulus  in  the  normal  body  is  not 
known."  This  accounts  for  the  prevailing  discouragement 
among  the  devotees  of  a  great  specialty,  neurology,  as  expressed 
in  the  recent  statement  of  a  very  diligent  worker  in  that  line, 
Joseph  Collins,^"  "that  we  know  very  little  more  concerning  the 
etiology,  pathogenesis,  and  the  clinical  display  of  the  majority 
of  nervous  diseases,  organic  and  functional,  than  we  did  twenty 
years  ago." 

These  are  but  a  few  of  the  evident  shortcomings  of  Physi- 
ology; others  will  be  referred  to  in  the  body  of  the  work.  I 
wish  to  state,  however,  that  their  enumeration  is  not  inspired 
by  a  spirit  of  criticism;  they  are  mentioned  because  each  defi- 
ciency is  subjected  to  a  searching  inquiry  in  the  present  volume 
with  a  view  to  its  elimination :  Indeed,  any  one  who  has  exam- 
ined physiological  lore  as  closely  as  I  have,  cannot  but  admire 
the  enormous  and  patient  labor  that  physiologists  have  devoted 
to  the  solution  of  the  multitude  of  problems  which  the  func- 
tions of  the  human  organism  involve,  including  the  many  un- 
solved ones  to  which  I  refer.  But  I  must  now,  after  writing 
the  present  volume,  emphasize  a  feature  which  I  merely  sug- 
gested in  the  first  volume,  viz.,  that  their  failure  to  explain  the 
many  functions  referred  to  is  due  to  the  fact  that  they  have 


18  H.  C.  Chapman  :  "Human  Physiology,"  second  edition,  p.  692,  1899, 
1'  Landois  :  Loc.  cil.,  p.  631. 

2»  Joseph  Collins :  Monthly  Cyclo.  of  Pract.  Med.,  Feb.,  1905. 
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overlooked  the  cardinal  functions  of  the  organs  to  which  I  have 
given  special  attention:  ,  the  adrenals,  the  thyroid,  the  pituit- 
ary body  and  the  leucocytes. 

As  the  text  will  show,  various  branches  of  biology  have 
been  studied,  but  many  of  the  facts  which  have  served  to 
elucidate  function  were  obtained  from  clinical  medicine.  A 
great  physiologist,  Professor  Pawlow,  of  St.  Petersburg,  wrote 
a  few  years  ago,^^  after  stating  that  physicians  had  pointed 
out  the  existence  of  gastric  secretory  nerves — a  question  which, 
I  may  add,  has  been  greatly  elucidated,  thanks  to  his  own 
labors:  "Physiologists,  on  the  other  hand,  had  fruitlessly  en- 
deavored for  decades  to  arrive  at  definite  results  upon  this 
question.  This  is  a  striking,  but  by  no  means  isolated,  instance 
where  the  physician  gives  a  more  certain  verdict  concerning 
physiological  processes  than  the  physiologist  himself;  nor  is  it 
indeed  strange.  The  world  of  pathological  phenomena  is  noth- 
ing but  an  endless  series  of  the  most  different  and  unusual 
combinations  of  physiological  occurrences  which  never  make 
their  appearance  in  the  normal  course  of  life.  It  is  a  series 
of  physiological  experiments  which  Nature  and  life  institute, 
often  with  such  an  interlinking  of  events  as  could  never  enter 
into  the  mind  of  the  present-day  physiologist,  and  which  could 
scarcely  be  called  into  existence  by  means  of  the  technical  re- 
sources at  our  command.  Clinical  observation  will  consequently 
always  remain  a  rich  mine  of  physiological  facts."  There  are 
precedents,  therefore,  upon  which  a  legitimate  belief  may  be 
based  that  the  conclusions  I  have  reached  are  sound.  They 
afford,  moreover,  a  clear  explanation  of  the  inability  of  physi- 
ologists to  discern  the  functions  my-  researches  have  led  me  to 
discover:  they  are  partly  hidden  in  a  field  that  physiologists 
could  not  legitimately  be  expected  to  scrutinize,  owing  to  its 
vastness.  In  this  connection,  it  is  mainly,  therefore,  as  a 
contribution  of  pathological  biology  to  normal  biology,  of  which 
physiology  is  a  subdivision,  that  the  two  volumes  of  "Internal 
Secretions"  are  offered. 

Among  the  more  important  features  which  the  views  I 
advance  therein  appear  to  me  to  point  out  for  the  first  time 


Pawlow  :  "The  Work  of  the  Digestive  Glands,"  Thompson's  trans).,  p.  46,  1902. 
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(as  far  as  the  literature  within  my  reach  has  enabled  me  to 
judge)  are  the  following: — 

As  bearing  directly  upon  Biology : — 

1.  The  main  function  of  the  adrenals,  viz.,  to  supply  an  internal 
secretion  which  absorbs  the  oxygen  of  the  air  to  carry  it  to  the  tissues; 
and,  as  a  result  of  this  fact:  — 

2.  Pulmonary  respiration,  and 

3.  Tissue  respiration; 

4.  The  identity  of  the  albuminous  moiety  of  the  haemoglobin  mole- 
cule, viz.,  the  oxygenized  adrenal  secretion ; 

5.  The  identity  of  the  oxidase  of  the  blood,  i.e.,  the  oxygenized 
adrenal  secretion  referred  to  (after  the  thirteenth  chapter)  as  "adren- 
oxidase" ; 

6.  The  identity  of  the  red  corpuscles  as  storage-cells  for  adren- 
oxidase  and  as  purveyors  of  this  body  to  the  tissues; 

7.  The  general  composition  of  ferments; 

8.  That  tlie  adrenal  principle  is  the  one  ferment  which  endows 
all  other  body-ferments  with  their  properties  as  such; 

9.  The  identity  of  "secretin"  as  adrenoxidase ; 

10.  The  identity  of  "entero kinase"  as  adrenoxidase  plus  nucleo- 
proteid ; 

11.  That  the  granulations  of  the  leucocytes  serve  to  build  our  tis- 
sues and  to  nourish  them ; 

12.  That  the  substances  out  of  which  the  leucocytes  form  their 
granulations  (anabolism)  are  the  proteids  and  carbohydrates  ingested  by 
them  in  the  intestinal  canal,  its  epithelium  and  villi,  and  in  the  blood; 

And,  in  virtue  of  these  facts:  — 

13.  The  process  of  absorption,  and 

14.  The  process  of  general  nutrition; 

15.  That  it  is  the  function  of  leucocytes  to  convert  the  constitu- 
ents of  the  ingested  proteids  into  living  proteids; 

16.  That  the  granulations  they  supply  to  the  tissue-cells  are  living 
substance ; 

17.  That  the  principle  which  endows  the  constituents  of  proteids 
with  life  in  the  leucocytes  is  the  adrenal  active  principle; 

18.  That  the  adrenal  principle  is  the  dynamic  element  in  the  vital 
process ; 

19.  That  the  granulations  of  leucocytes  once  in  the  tissue-cells  live 
temporarily  therein  and  are,  when  worn,  broken  down  by  ferments 
(catabolism) ,  and  voided  by  the  cellular  vacuoles  into  the  pericellular 
lymph-spaces ; 

And,  in  virtue  of  the  foregoing  conclusions:  — 

20.  The  process  of  metabolism ; 

21.  That  all  the  ferments  and  carbohvdrates  found  in  the  tissues 
and  other  immobile  cells  are  brought  to  them  by  leucocytes  and  are 
derived  from  the  alimentary  system,  especially  the  pancreas  (trypsin) 
and  liver  (glycogen)  ; 

22.  That  a  portion  of  the  pancreatic  ferments  forms  an  internal 
secretion  which  passes  to  the  splenic  vein  and  thence  into  the  portal 
system ; 

23.  That  the  splenic  internal  secretion  (probably  nucleo-proteid) 
also  passes  out  into  the  splenic  vein  and  thence  into  the  portal  system; 

24.  That  on  reaching  the  portal  system  from  the  alimentary  canal, 
the  leucocytes  absorb  the  pancreatic  ferments  and  splenic  internal  secre- 
tion (probably  nucleo-proteid)  which  they  supply  to  the  tissue-cells  and 
with  which  they  carry  on  their  intrinsic  functions; 
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25.  That  the  nervous  system,  in  keeping  with  other  tissues,  is  com- 
posed of  cells  likewise  developed  and  nourished  by  leucocyte-granula- 
tions, and  traversed  by  the  oxygen-laden  adrenoxidase ; 

26.  That  the  ground  substance  and  Nissl  granules  of  nerve-cell- 
bodies  and  the  myelin  of  their  axis-cylinders  or  nerves  are  to  the  nerve- 
cell  what  the  cytoplasm  is  to  other  tissue-cells; 

27.  That  the  neuro-fibrils,  including  those  of  the  axis-cylinders,  are 
nerve-capillaries  through  which  the  nerve-cells  are  supplied  with  oxygen- 
laden  adrenoxidase; 

28.  Tliat  these  neuro-fibrils  receive  their  adrenoxidase-laden  plasma 
from  the  general  circulation  through  the  intermediary  of  the  neuroglia 
fibers  (also  capillaries)  and  the  neuroglia-cells  which  regulate  the  vol- 
ume of  plasma  admitted  into  the  neuroglia  fibers; 

And,  in  virtue  of  the  last  four  conclusions: — 

29.  The  circulation  of  the  nervous  system; 

30.  That  the  myelin  of  nerves  is  not  a  mere  insulating  material  or 
sheath,  but  a  compound  rich  in  phosphorus  which,  when  in  contact  with 
the  oxygen-laden  adrenoxidase  circulating  through  them,  generates 
nerve-energy ; 

31.  That  the  ground-substance,  the  Nissl  granules  and  the  mye- 
lin in  the  cell-bodies  of  neurons  and  their  dendrites,  are  also  phosphorus- 
laden  compounds  which,  when  in  contact  with  the  adrenoxidase  circu- 
lating through  them,  generate  nerve-energy; 

And,  in  virtue  of  the  last  two  conclusions: — 

32.  The  source  and  nature  of  the  nerve-impulse; 

33.  That  the  pituitary  body  is  the  general  and  governing  center 
of  the  spinal  system,  which  includes  the  gray  substance  of  the  base  of 
the  brain,  pons,  bulb  and  spinal  cord,  and  the  nerves  derived  from  any 
of  these  structures,  cranial  or  spinal,  though  subsidiary  centers  are  also 
present  in  the  bulb  and  spinal  cord; 

34.  That  the  pituitary  body  is  the  governing  center  of  all  vege- 
tative functions,  i.e.,  the  somatic  brain ; 

And,  in  virtue  of  these  two  conclusions:  — 

35.  The  identity  of  the  pituitary  body  as  the  most  important  of 
all  organs  concerned  with  the  vital  functions  of  invertebrates  and  verte- 
brates, including  man; 

36.  That  the  brain  (as  differentiated  from  the  somatic  brain)  is 
the  organ  of  mental  processes  and  not  the  governing  organ  of  motor 
functions;  though  capable,  through  the  voluntary  impulses  it  transmits 
to  the  spinal  system,  of  having  its  mandates  carried  out; 

And,  in  virtue  of  these  two  conclusions: — 

37.  The  identity  of  the  brain  (as  difl'erentiated  from  the  somatic 
brain)  as  solely  the  organ  of  Mind. 

38.  That  neither  the  anterior  nor  the  posterior  pituitary  body  is  a 
secreting  gland; 

39.  That  the  anterior  pituitary  body  is  a  lymphoid  organ  which, 
through  the  intermediary  of  a  center  located  in  the  posterior  pituitary 
body  and  a  nerve-path  in  the  spinal  system,  the  upper  dorsal  sympa- 
thetic ganglia  and  the  splanchnic  nerves,  governs  the  functional  activity 
of  the  adrenals; 

And,  in  virtue  of  this  conclusion:  — 

40.  That  the  anterior  pituitary  body  governs,  through  the  posterior 
pituitary  body,  all  the  oxidation  processes  of  the  body; 

41.  That  the  center  in  the  posterior  pituitary  body  through  which 
the  anterior  pituitary  body  governs  the  adrenals  also  controls  the  func- 
tional activity  of  the  thyroid  gland,  and  thus  constitutes  the  "adreno- 
thyroid"  center; 

42.  That  the  pituitary  body,  the  adrenals  and  the  thyroid  gland 
(including  the  parathyroids)  are  thus  functionally  united,  forming  the 
"adrenal  system;" 
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43.  That  the  posterior  pituitary  body  is  the  seat  of  the  highly 
specialized  centers  which  govern  all  the  vegetative  or  somatic  functions 
of  the  body,  and  of  each  organ  individually; 

44.  That  the  posterior  pituitary  body  receives  all  the  sensory  im- 
pressions belonging  to  the  field  of  common  sensibility:  pain,  touch, 
muscular  sense,  etc.,  initiated  in  any  organ,  including  the  mucous  mem- 
branes, skin  and  brain ; 

45.  That  owing  to  this  fact,  the  posterior  pituitary  body  is  the 
sensorium  commune  upon  which  all  emotions,  shocks — psychical  or 
traumatic — concussions,  etc.,  react,  the  resulting  impairment  of  its 
functions  being  the  cause  of  the  morbid  phenomena  observed  under  such 
conditions ; 

46.  That  the  sympathetic  system  is  also  governed  by  a  center,  and 

47.  That  the  sympathetic  center  is  likewise  located  in  the  pos- 
terior pituitary  body  and  constitutes  one  of  the  most  sensitive  of  its 
centers ; 

48.  That  it  is  the  function  of  the  sympathetic  center  and  of  the 
sympathetic  system  to  govern  the  caliber  of  all  arterioles,  and  to  regu- 
late, through  the  spiral  muscular  coat  of  these  vessels,  the  volume  of 
blood  admitted  into  the  capillaries  of  any  organ,  including  those  of  the 
bi'ain  and  nervous  system; 

49.  That  the  vasomotor  center  governs  the  caliber  of  the  larger 
vessels  only,  i.e.,  of  all  vessels  that  are  larger  than  the  arterioles; 

50.  That  active  vasodilation  exercised  through  vasodilator  nerves  i» 
limited  to  the  arterioles; 

51.  That  dilation  of  an  arteriole  is  due  to  constriction  by  the  ter- 
minal fibers  of  a  cranial  nerve  (the  vagus,  for  example)  of  the  vasa 
vasorum  which  supply  its  walls  with  adrenoxidase-laden  plasma,  thus 
causing  ischaemia  and  relaxation  of  its  muscular  coat; 

52.  That  while  this  process,  "stricto-dilation,"  serves  to  admit  an 
excess  of  blood  into  an  organ  when  the  functional  activity  of  the  latter 
is  to  be  increased,  the  sympathetic  fibers,  when  the  organ's  functions 
are  to  cease,  restore  the  arterioles  to  their  normal  caliber; 

And,  in  virtue  of  the  facts  embodied  in  the  last  seven  con- 
clusions:— 

53.  The  mechanisms  of  vasodilation  and  function. 

As  bearing  directly  upon  Immunity: — 

54.  That  the  sensory  organ  in  the  partition  between  the  two  lobes 
of  the  pituitary  body  is  morphologically  the  homologue  of  the  "test- 
organ"  or  "osphradium"  of  mollusks  and  other  Invertebrates,  which  has 
for  its  purpose  to  protect  the  animal  against  noxious  materials  that  may 
be  present  in  the  water  admitted  into  its  organism; 

55.  That  all  Vertebrates,  including  man,  are  protected,  as  are 
Invertebrates,  against  noxious  materials  that  may  be  present  in  the 
blood  ( a  chemical  homologue  of  sea- water ) ,  their  test-organ,  a  sensory 
structure,  being  sensitive  to  certain  poisons  as  the  olfactory  area,  which 
it  resembles  histologically,  is  to  odors; 

56.  That  the  test-organ  of  Vertebrates,  including  man,  reacts  under 
the  influence  of  any  poison  brought  to  it  by  the  blood  or  its  leuco- 
cytes (phagocytes)  capable  of  exciting  it,  by  increasing,  through  the 
adreno-thyroid  center,  which  it  governs,  the  functional  activity  of  the 
adrenals  and  of  the  thyroid  and  parathyroids; 

57.  That  by  increasing  the  functions  of  the  adrenals  it  enhances 
the  bacteriolytic  and  antitoxic  powers  of  the  blood  and  its  phagocytes; 

58.  That  by  increasing  the  functional  activity  of  the  thyroid  and 
parathyroids  it  increases,  through  their  secretions,  the  sensitiveness 
of  all  cells,  including  bacteria,  and  their  vulnerability  to  phagocytes, 
inasmuch  as 
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59.  The  secretions  of  the  thyroid  and  parathyroids  jointly  form 
the  opsonin  and  agglutinin  of  the  blood; 

And,  in  virtue  of  the  six  last  conclusions: — 

60.  That  the  adrenal  system,  composed  of  the  pituitary  body,  the 
adrenals  and  the  thyroid  apparatus,  constitutes  the  immunizing  mechan- 
ism of  the  body;   and,  furthermore, 

61.  That  inasmuch  as  the  adrenal  system  has  for  its  purpose  to 
protect  the  body  against  disease,  it  is  by  enhancing  the  functional  activ- 
ity of  the  adrenal  system  that  we  can  overcome  disease; 

62.  That  the  adrenal  system  causes  the  appearance,  in  the  blood 
and  phagocytes,  of  an  excess  of  "auto-antitoxin,"  a  (qualitative)  chem- 
ical homologue  of  diphtheria  antitoxin  and  other  antitoxins; 

63.  That  this  "auto-antitoxin"  (as  well  as  all  other  antitoxins)  is 
composed  of  the  internal  secretions  of  the  adrenals  (adrenoxidase: 
Ehriich's  amboceptor),  of  the  pancreas  (trypsin:  Ehrlich's  complement), 
of  the  spleen  and  leucocytes  (nucleo-proteid) ,  and  of  the  thyroid  and 
parathyroids  ( thyroidase :    Wright's  opsonins )  ; 

64.  That  it  is  to  the  excess  of  auto-antitoxin  that  the  increased 
bacteriolytic  and  antitoxic  properties  of  the  blood  and  phagocytes  (the 
true  vis  medicatrix  naturtp)  are  due. 

As  bearing  directly  upon  Pharmacodynamics:^ — 

65.  That  rational  Therapeutics,  in  so  far  as  the  cure  of  path- 
ogenic processes  based  on  toxasmias  is  concerned,  should  include  meas- 
ures which  promote  the  formation  of  auto-antitoxin  in  the  blood  and 
phagocytes ; 

66.  That  we  have  drugs,  of  which  thyroid  extract,  mercury,  and 
iodine  are  types,  which  provoke  energetically  the  formation  of  auto- 
antitoxin  ; 

67.  That  the  production  of  an  excess  of  auto-antitoxin  in  the 
blood,  under  the  influence  of  bacterial  toxins  or  endotoxins,  or  of  any 
poison  capable  of  exciting  the  test-organ  (and  through  it  the  adrenal 
system)  sufficiently,  is  the  phenomenon  known  as  "fever,"  and  that  the 
"thermogenic"  or  "heat"  center  is  thus  located  in  the  pituitary  body; 

And,  in  virtue  of  this  conclusion: — 

68.  The  nature  of  fever  and  its  mode  of  production ; 

69.  That  we  can  by  means  of  agents  which  stimulate  concomitantly 
the  test-organ  and  the  vasomotor  and  sympathetic  centers  or  any  two 
of  these  centers,  enhance  metabolism  and  nutrition  and  the  production 
of  auto-antitoxin,  as  exemplified  by  belladonna,  strychnine,  coca,  quinia 
and  other  drugs; 

70.  That  we  ran  supply  the  body  with  the  constituents  which  its 
blood  and  tissues  lack  and  that  these  agents  are  adjusted  to  the  needs 
of  each  organ  by  the  leucocytes,  as  exemplified  by  iron  and  phosphorus; 

71.  That  all  drugs  are  taken  up  by  leucocytes  in  the  intestinal 
canal  and  blood  and  transported  by  them  to  all  parts  of  the  body; 

72.  That  the  sympathetic  center  in  the  posterior  pituitary  body 
is  the  sleep  center; 

73.  That  the  sympathetic  center  provokes  sleep  by  lowering  the 
functional  activity  of  the  anterior  pituitary  body  and  of  the  adrenal  sys- 
tem, and  causes  thereby  a  general  -relaxation  of  all  arteries,  accumu- 
lation of  blood  in  the  splanchnic  area,  and  ischsemia  of  the  cerebro- 
spinal system; 

74.  That  drugs  of  which  opium  is  the  type,  produce  sleep  by  stimu- 
lating the  sympathetic  center; 

75.  That  drugs  of  the  type  of  chloral,  the  bromides,  etc.,  pro- 
duce sleep  by  depressing  the  vasomotor  center  and  causing  accumula- 
tion of  blood  in  the  splanchnic  area  and  ischaemia  of  the  cerebro-spinal 
system ; 
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And,  in  virtue  of  the  four  last  conclusions: — 

76.  The  manner  in  which  sleep  is  provoked; 

77.  That  anaesthetics  of  which  chloroform  and  ether  are  types, 
produce  sleep  and  anaesthesia  by  exciting  powerfully  the  vasomotor  cen- 
ter, causing  thereby  general  vasoconstriction  followed  by  hypersemia  of 
all  capillaries,  including  those  of  the  cerebro-spinal  system,  and  ven- 
osity  of  their  arterial  blood; 

78.  That  anaesthetics  of  which  nitrous  oxide  is  a  type,  produce 
sleep  and  anaesthesia  by  replacing  the  oxygen  of  the  air  and  producing 
venosity  of  the  blood  in  the  capillaries  of  the  cerebro-spinal  system  and 
other  organs; 

79.  That  pain  is  due  to  hypersemia  of  the  sensory-nerve  terminals, 
of  the  nervi  nervorum,  etc.,  and  that  any  agent  which  indirectly  or 
directly  causes  diminution  of  this  hypersemia  counteracts  pain; 

And,  in  virtue  of  this  conclusion: — ■ 

80.  The  nature  and  mode  of  production  of  pain; 

81.  That  analgesics  of  the  type  of  opium  counteract  pain  by  stim- 
ulating the  sympathetic  center,  and  by  thus  causing  the  dilated  arte- 
rioles which  supply  the  painful  area  to  resume  their  normal  caliber; 

82.  That  analgesics  of  the  type  of  antipyrin,  acetanilid,  etc., 
counteract  pain  in  the  same  way,  but,  being  more  violent  in  their  action, 
are  apt  to  cause  hyperconstriction  of  the  arterioles  and  cyanosis; 

83.  That  drugs  of  the  type  of  amyl  nitrite,  nitroglycerin,  etc., 
produce  dilation  of  tlie  arterioles  by  inhibiting  ttie  functional  activity 
of  the  sympathetic  center; 

84.  That  drugs  of  the  type  of  veratrum  viride,  the  bromides,  etc., 
lower  the  vascular  pressure  by  inhibiting  the  functional  activity  of  the 
vasomotor  center; 

85.  That  alcohol  is  a  fictitious  stimulant  and  in  reality  a  depres- 
sant, owing  to  the  fact  that  it  deoxidizes  the  plasmatic  adrenoxidase; 

86.  That  the  mineral  salts  fulfill  so  important  a  role  in  the  pre- 
servation of  the  osmotic  properties  of  the  body  fluids  and  their  alka- 
linity, that  their  replacement  in  all  diseases  in  which  they  are  actively 
reduced  is  an  essential  feature  of  the  curative  procecs; 

87.  That  purgatives  produce  their  beneficial  effects  by  causing 
either  reflexly  or  by  centric  action,  according  to  the  purgative  used,  an 
increase  of  bacteriolytic  and  antitoxic  auto-antitoxin  in  the  intestinal 
canal ; 

88.  That  all  emetics  produce  their  eflfects  by  provoking  irritation 
of  the  gastric  mucosa :  the  local  emetics  ( mustard,  zinc  sulphate,  etc. ) 
by  irritating  it  directly;  the  general  emetics  (apomorphine,  tartar 
emetic,  etc. )  by  depressing  markedly  the  vasomotor  and  sympathetic 
centers  and  thus  causing  dilation  of  the  arterioles  and  hyperaemia  of 
the  gastric  glandular  elements; 

89.  That  diaphoretics  act  similarly,  the  sweat  glands  (as  well  as 
all  other  glands)  being  rendered  hyperaemic  and  overactive. 

Bearing  directly  upon  Pathogenesis  and  Therapeutics : — 

90.  That  the  vulnerability  of  the  organism  to  infection  is  inversely 
proportional  to  the  efficiency  of  the  adrenal  system,  the  relative  amount 
of  auto-antitoxin  in  the  pulmonary  and  intestinal  secretions,  and  the 
bacteriolytic  activity  of  the  phagocytes ; 

91.  That  the  diseases  which  are  most  fatal  to  mankind:  cancer, 
tuberculosis,  pneumonia,  Asiatic  cholera,  bubonic  plague,  etc.,  are  due 
to  agencies,  endogenous  or  exogenous,  which  interfere  with,  or  paralyze, 
the  functions  of  the  test-organ  and  through  it  the  adrenal  system; 

92.  That  all  these  diseases  can  be  treated  successfully,  when  seen 
not  too  late,  by  means  of  remedies  which  excite  with  adequate  activity 
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the  test-organ,  and  provoke  through  it  an  accumulation  of  auto-anti- 
toxin and  thyroidase  (opsonin)  in  the  blood; 

93.  That  the  convulsive  diseases:  tetany,  tetanus,  epilepsy,  puer- 
peral eclampsia  and  rabies,  are  all  due  to  the  accumulation  of  toxic 
waste-products  in  the  blood; 

94.  That  all  these  convulsive  diseases  can  be  arrested  by  measures 
which  prevent  the  accumulation  of  toxic  wastes  in  the  blood  and  which 
increase  the  proportion  of  auto-antitoxin  in  the  latter, — provided  organic 
lesions  in  the  cortex  (gliosis)  have  not  been  given  time  to  develop; 

95.  That  all  the  diseases  grouped  under  "gouty  diathesis:"  gout, 
migraine,  neuralgia,  sciatica,  etc.,  are  due  to  hypoactivity  of  the  test- 
organ  and  the  adrenal  system; 

And,  in  virtue  of  these  six  conclusions:  — 

96.  That  the  most  fatal  and  distressing  diseases  of  mankind  have 
not  been  mastered  because  the  cardinal  role  of  the  adrenal  system  in. 
their  pathogenesis,  prevention  and  cure  has  been  overlooked. 

As  previously  stated,  this  list  includes  only  some  of  the 
more  important  features  pointed  out  in  the  present  volume. 
Were  all  enumerated,  including  those  introduced  in  the  depart- 
ments of  "Pharmacodynamics"  and  "Pathogenesis  and  Thera- 
peutics" (where  they  are  designated  by  asterisks  in  each  drug 
and  disease  studied),  they  would  aggregate  several  hundred. 
This  fact  is  only  referred  to  in  order  to  illustrate  the  far- 
reaching  importance  of  the  functions  of  the  internal  secretions 
in  all  processes,  normal,  morbid,  or  protective,  and  the  large 
number  of  gaps  they  fill. 

So  many  theories  have  been  adduced  in  recent  years  that 
have  proven  valueless  as  such,  that  I  wish  again  to  emphasize 
the  fact  that  not  a  single  conclusion  presented  in  this  worh  is 
theoretical.  I  may  state,  moreover,  that  my  labors  in  connec- 
tion with  the  "Annual"  and  the  "Cyclopaedia"  have  shown 
that  it  is  to  the  habit  of  theorizing  with  a  few  facts  as  founda- 
tion into  which  investigators,  and  particularly  laboratory  work- 
ers, have  fallen,  that  the  confusion  which  characterizes  the 
Medicine  of  our  day  is  due. 

It  was  under  the  influence  of  this  conclusion,  in  fact,  that 
the  following  working  plan  was  adopted:  The  literature  of 
each  subject  was  collected,  subdivided  and  filed.  When  a  given 
subject  was  taken  up,  each  paper  available  was  analyzed  and 
the  sound  experimental  or  clinical  facts  or  observations  noted 
and  arranged  in  series.  In  physiological  questions,  the  teach- 
ings of  physiological  botany,  zoology  and  cytology  were  added. 
All  these  data  (amounting  to  several  hundreds  in  some  in- 
stances) were  treated  as  factors  in  the  search  of  a  solution — 
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the  solution  submitted  at  the  end  of  each  section,  in  italics 
in  the  first  seventeen  chapters,  and  thereafter  in  large  type. 
The  final  solution  reached  in  each  instance  was  submitted  to 
a  rigid  test,  however,  viz.,  absolute  concordance  with  all  other 
solutions  in  the  work — a  process  which  brought  to  light  any 
defect,  not  only  in  the  solution  itself,  but  likewise  in  all  con- 
clusions previously  adduced.  The  chances  of  error  were  thus 
reduced  to  a  minimum,  while  a  solid  framework  was  elabor- 
ated for  future  discoveries  by  other  investigators. 

These  details  are  given  not  only  with  the  object  of  aiding 
others  who  might  wish  to  work  on  parallel  lines,  but  to  illus- 
trate another  salient  feature  brought  to  light  by  my  editorial 
work  upon  the  "Annual"  and  the  "Cyclopgedia,"  namely,  that 
the  present  unsatisfactory  condition  of  Medicine  is  due  to  the  fact 
that  investigators  do  not  avail  themselves  of  Hie  enormous  array 
of  solid  data  available  to  ascertain  the  truth.  Blinded  by  the 
fallacious  idea  that  the  worth  of  a  contribution  to  our  Ivnow- 
ledge  should  be  gauged  solely  by  the  new  experiments  and 
clinical  observations  it  adds  to  those  already  available,  they 
lose  sight  of  the  fact  that  such  experiments  and  observa- 
tions are  but  bricks  and  mortar  out  of  which  a  coherent  and 
truly  useful  Medicine — one  indeed  worthy  of  ranking  as  a 
science — can  be  built. 

The  conception  of  Medicine  presented  in  the  second  vol- 
ume— and  foreshadowed  in  the  first — is  submitted  only  as  an 
effort  in  this  direction.  It  aims  to  replace  the  empirical  and 
hazardous  use  of  remedies  which  has  undermined  increasingly 
the  confidence  of  our  best  observers  in  them,  by  a  system  of 
therapeutics  based  on  solidly  established  facts  which  makes 
it  possible  to  trace  every  phase  of  their  action  to  its  source. 
The  centers  infliienced  may  thus  be  used  by  the  physician  as  so 
many  levers  through  which  he  can  regulate  the  defensive 
agencies  of  the  organism  and  the  mechanisms  which  distribute 
them.,  precisely  as  a  general  can  govern  the  defensive  move- 
ments of  an  army  in  the  field.  As  the  disease-causing  sub- 
stances, toxins,  endotoxins,  toxic  wastes,  etc.,  are  also  shown 
to  produce  their  effects  through  a  morbid  action  upon  the 
centers  influenced  by  our  remedies,  they  may  thus  be  met 
directly  where  they  strike  and  antagonized  before  they  can 
destroy  life. 
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The  work  introduces  no  elixir  of  life,  no  universal  panacea, 
nor  even  a  new  serum;  the  weapons  recommended  are  avail- 
able to  all,  viz.,  the  identical  remedies  which  for  years  have 
been  in  daily  use — the  forty  or  tifty  that  have  stood  the  test 
of  time.  It  shows,  I  believe,  that  it  is  not  because  we  have 
been  lacking  agents  capable  of  successfully  coping  with  dis- 
ease that  confidence  in  remedies  has  been  steadily  decreasing, 
but  because  they  were  used  blindly  and  often,  therefore,  inju- 
diciously. There  is  now  not  the  least  ground  for  doubt  as  to 
the  efficiency  of  our  therapeutic  resources.  I  shall  be  amply 
repaid  if  I  have  succeeded  in  proving  this  fact,  and  if  "Internal 
Secretions"  to  any  degree  instils  into  its  readers  the  unbounded 
confidence  in  the  power  of  our  remedies  to  antagonize  and 
even  master  disease  that  a  broad  survey  of  the  scientific  facts 
at  our  disposal  and  considerable  practical  experience  have  in- 
stilled into  me. 

The  plan  of  the  second  volume,  as  stated  in  the  preface, 
included  only  "Applied  Therapeutics,"  i.e.,  the  physiological 
action  of  drugs  in  morbid  processes,  but  thanks  to  the  liberal- 
ity of  my  publishers,  the  F.  A.  Davis  Company,  I  was  able  to 
add  a  department  in  which  the  pathogenesis  and  treatment  of 
the  most  fatal  and  distressing  diseases  with  which  we  have  to 
contend  are  treated  in  full.  Hence  the  comparatively  large 
size  of  the  second  volume. 

It  is  with  great  pleasure  that  I  acknowledge  the  encour- 
agement and  moral  support  I  have  received  during  the  rather 
arduous  task  the  preparation  of  this  work  imposed  upon  me, 
from  my  friends,  Mr.  F.  A.  Davis,  president  of  the  F.  A. 
Davis  Company,  my  publishers,  and  Dr.  J.  Madison  Taylor,  my 
associate  in  the  editorial  management  of  the  "Monthly  Cyclo- 
paedia of  Practical  Medicine."  Several  of  the  microphotographs 
presented  in  this  volume  were  prepared  by  my  son,  Louis  T. 
de  M.  Sajous,  B.S.,  from  slides  which  I  owe  to  the  kindness  of 
Professors  George  A.  Piersol  and  D.  J.  McCarthy,  of  the  Medical 
Department  of  the  University  of  Pennsylvania,  to  whom  I  wish 
to  express  my  thanks. 

C.  E.  DE  M.  Sajous. 

Philadelphia,  June  1,  1907. 
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CHAPTEE  XIII. 


THE  SECEETION  OF  THE  ADRENALS  IN  RESPIRATION. 

THE  NEED  OF  A  SECRETION  TO  ACCOUNT  FOR  THE 
RESPIRATORY  PROCESS, 

While  the  blood  of  vertebrates — fishes,  reptiles,  birds  and 
mammals — contains  both  white  and  red  corpuscles,  that  of  in- 
vertebrates, with  very  few  exceptions,  is  not  supplied  with  the 
latter.  Even  the  blood  of  Amphioxus,  an  animal  classed  among 
vertebrates,  contains  no  red  corpuscles.  The  presence  of 
hsemoglobin  or  haemocyanin  in  the  plasma  of  various  lower 
forms  might  be  said  to  afford  a  means  for  the  absorption  and 
distribution  of  oxygen ;  but  how  are  these  functions  fulfilled  in 
the  blood  of  the  multitude  of  organisms  in  which  no  red  cor- 
puscles or  blood-pigment  have  been  found  ? 

Again,  as  stated  by  Griffiths,^  "the  majority  of  Inverte- 
brata  have  white  blood,  e.g.,  the  Insecta,  Crustacea,  Mollusca, 
etc.";  and  yet,  the  intracellular  processes  are  hardly  more 
sluggish  in  many  of  these  than  in  animals  far  higher  in  the 
phylogenetic  scale.  This  clearly  betokens  a  correspondingly 
active  vital  process  sustained  by  active  oxygenation.  Indeed, 
there  is  no  ground  for  the  assumption  that  we  are  dealing  with 
blood  deficient  in  activity  because  of  the  absence  of  pigment. 
All  that  can  be  said  is  that  there  exists  in  these  animals,  as 
well  as  in  the  colorless  blood  of  any  other  organism  deprived 
of  red  corpuscles  or  of  blood-pigment,  a  substance  endowed  with 
quite  as  marked  an  aflSnity  for  oxygen  as  that  shown  by  hemo- 
globin in  higher  forms. 

What  is  the  nature  of  this  substance  ? 

The  process  of  respiration  is  ascribed  by  physiologists  to 
diffusion  of  gases,  and  to  the  affinity  of  the  haemoglobin  in  the 
red  corpuscles  for  oxygen,  the  red  cells  absorbing  the  gas  from 
the  plasma  as  it  enters  this  fluid  in  order  to  carry  it  to  all  parts 
of  the  body.    This  doctrine  fails,  however,  to  explain  the  respir- 


1  Griffiths:   "The  Physiol,  of  the  Invertebrates,"  p.  123,  1892. 
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atory  process  in  the  largest  division  of  the  animal  kingdom, 
the  invertebrates  just  referred  to.  The  absence  of  red  cells 
and  of  their  haemoglobin  logically  entails,  in  the  present  con- 
ception of  respiration,  absence  of  any  agent  in  the  blood  having 
affinity  for  oxygen;  and,  unless  it  can  be  shown  that  diffusion 
alone  will  satisfy  the  needs  of  the  process,  it  is  evident  that  we 
are  left  with  nothing  to  account  for  either  the  oxygen  intake 
or  the  carbon  dioxide  output — with  nothing,  in  fact,  to  account 
for  the  manner  in  which  the  tissues  of  these  lower  organisms 
carry  on  respiration. 

The  weakness  of  the  diffusion  doctrine  as  an  explanation  of 
the  respiratory  process  becomes  apparent  when  we  take  into 
account  the  fact,  emphasized  by  Paul  Bert-  many  years  ago, 
that  an  animal  will  exhaust  the  oxygen  in  the  air  of  its  lungs 
even  though  this  be  reduced  to  one-half  of  one  per  cent.  As 
stated  by  Mathias  Duval,^  this  shows  that  "absorption  of  oxygen 
by  the  blood  occurs  even  though  the  pressure  of  this  gas  be  al- 
most nil."  Indeed,  Miiller  observed  that  when  strangulated, 
an  animal  exhausted  all  the  air  in  its  lungs  of  oxygen,  while 
Setschenow  and  Holmgren,*  Zuntz^  and  others'*  found  that  "in 
the  last  stage  of  asphyxia  the  arterial  blood  contains  only  traces 
of  oxygen,"  thus  showing  that  the  tissues  themselves  absorbed 
this  gas  through  a  process  of  active  reduction. 

Bohr,''  using  an  improved  aerotonometer,  sustained  the 
conclusions  of  Eobin,  Miiller,  Setschenow  and  Holmgren  and 
other  investigators  to  the  effect  that  the  diffusion  doctrine  did 
not  satisfy  the  needs  of  the  respiratory  process.  He  found  that 
the  carbonic  acid  tension  was  often  much  lower  in  the  arterial 
blood  than  in  the  alveolar  air,  and  also  that  the  oxygen  ten- 
sion was  higher,  at  times,  in  the  arterial  blood  than  in  the 
latter.  He  concluded,  therefore,  that  the  absorption  of  oxygen 
and  elimination  of  carbonic  acid  were  not  due  merely  to  dif- 
fusion, but  to  active  processes  where  the  blood  meets  the  air, 
i.e.,  in  the  pulmonary  alveoli.    Haldane  and  Lorrain  Smith* 


2  Paul  Bert:    C.  r.  de  I'Acad.  des  soi.,  Oct.  28,  1878. 

'Mathias  Duval:    "Cours  de  physiol.,"  seventh  edition,  p.  440,  1892. 

*  Setschenow  and  Holmgren:  cited  by  Ludwig:  Wiener  med.  Jahrb.,  Jahrg. 
xxi.,  Bd.  i.,  S.  145,  1865. 

^Zuntz:  Hermann's  "Handbuch,"  Bd.  iv,  Th.  2,  S.  43,  1882. 
«  Pembrey:  Schafer's  "T.  B.  of  Physiol.,"  vol.  i,  p.  765,  1898. 
'  Bohr:    Skandin.  Archiv  f.  Physiol.,  S.  236,  1891. 

*  Haldane  and  Lorrain  Smith:    Jour,  of  Physiol.,  vol.  xxii.  No.  3,  p.  231,  1897. 
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confirmed  Bohr^s  results.  They  reached  the  conclusions  that 
"the  noitn-al  oxygen  tension  in  the  arterial  blood  is  always 
higher  than  in  the  alveolar  air;  and  is  in  some  animals  even 
much  higher  than  in  the  inspired  air,"  and  that  "the  absorption 
of  oxygen  by  the  lungs  thus  cannot  be  explained  by  diffusion 
alone."  Moreover,  they  observed  that  active  absorption  of  oxy- 
gen continued  when  the  oxygen  in  the  alveolar  air  was  arti- 
ficially increased,  the  oxygen  tension  in  the  blood  increasing  al- 
most proportionally.  This  obviously  shows  that  the  blood 
contained  some  substance  which  actively  reduced  the  air. 

Again,  therefore,  are  we  brought  to  the  need  of  some  sub- 
stance in  the  lungs  capable  of  absorbing  oxygen. 

Additional  evidence  to  this  efl'ect  has  been  contributed  by 
Vaughan  Harley.®  This  observer  found  that  when  "one  pleural 
space  was  filled  up  so  that  the  lung  on  one  side  was  compressed, 
the  rate  of  breathing  was  increased,  and  more  air  was  breathed 
per  minute  by  the  active  lung  than  was  previously  breathed  by 
the  two  lungs  together."  This  was  accompanied  "by  an  in- 
crease in  the  quantity  of  oxygen  absorbed  and  of  carbonic  acid 
eliminated  by  the  animal,  the  two  being  increased  pai'i  passu, 
so  that  the  respiratory  quotient,  as  a  rule,  was  not  altered." 
After  showing  experimentally  that  this  could  not  be  ascribed 
either  to  an  increased  rate  of  respiration  alone,  to  an  increase  in 
the  temperature,  or  to  displacement  of  the  heart,  he  concluded 
that  "the  only  explanation  which  appears  to  be  satisfactory 
is  that  we  accept  the  theory  of  Bohr." 

Bohr's  views  have  met  with  considerable  opposition, 
though  strongly  sustained  by  the  comprehensive  experiments 
of  Haldane  and  Smith,  Vaughan  Harley  and  older  investigators, 
the  antagonism  being  based  on  the  fact  that  the  gasometric  ex- 
periments of  some  observers  failed  to  confirm  his  results.  This 
objection  would  have  weight  did  the  results  recorded  by  Bohr^s 
opponents  agree.  But  such  is  not  the  case;  Pembrey,^"  for  in- 
stance, refers  to  them  as  being  "very  discordant." 

This  is  accounted  for,  it  seems  to  me,  by  the  fact  that  gaso- 
metric methods  do  not  provide  for  the  absorption  of  oxygen 
by  other  constituents  of  the  blood.    That  the  relative  volume 


°  Vaugban  Harley:  Jour,  of  Physiol.,  vol.  xxv,  No.  1,  p.  33,  1899., 
"Pembrey:    Schafer's  "T.  B.  of  Physiol.,"  vol.  i,  p.  776,  1898. 
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of  this  gas  must  be  decreased  while  the  blood  is  in  transit  to 
the  aerotonometer  is  suggested  by  Pfliiger's"  observation  that 
arterial  blood  used  up  a  portion  of  its  own  oxygen  on  leaving  the 
animal's  vessels.  "The  blood  contains/'  says  Schafer/^  "a 
substance  or  substances  ('reducing  substances'  of  Pfliiger)  vphich 
greedily  appropriate  any  free  oxygen  which  may  be  present  in 
the  plasma,  and  are  even  capable  of  abstracting  the  oxygen 
which  is  combined  with  hsemoglobin,  so  that  arterial  blood 
rapidly  becomes  converted  into  venous  blood,  when  it  is  not 
exposed  to  the  access  of  fresh  oxygen.  It  is  not  known  upon 
what  substance  or  substances  these  properties  depend."  Vari- 
ous factors  thus  come  into  play  which  investigators  have  not 
taken  into  account: — the  dimensions  of  the  tube  between  the 
animal  and  the  instrument,  the  friction  to  which  the  blood  is 
subjected  therein,  the  time  elapsed  while  it  is  in  transit,  etc., 
all  of  which  are  quite  sufficient  to  account  for  the  discordant 
results  obtained.  Of  course,  this  applies  to  Bohr's  observations 
as  well,  but  as  with  his  tonometer  "a  constant  and  rapid  stream 
of  arterial  blood  could  be  maintained,"  while  his  oxj'gen  ratios 
exceed  those  of  his  opponents,  the  probability  that  his  results 
are  more  exact  than  theirs  is  apparent.  * 

In  fact,  Landois,  in  his  recently  published  text-book,^^  re- 
jects the  diffusion  doctrine  totally.  "The  absorption  of  oxy- 
gen from  the  alveolar  air  for  the  purpose  of  oxidation  of  the 
venous  blood  in  the  pulmonary  capillaries,"  says  this  physiolo- 
gist, "is  a  chemical  process,  as  the  gas-free  haemoglobin  in  the 
lungs  takes  up  oxygen  to  form  oxyhgemoglobin.-  That  this  ab- 
sorption depends,  not  on  diffusion  of  the  gases,  but  on  the 
atomic  combination  pertaining  to  the  chemical  process,  is  shown 
by  the  fact  that  the  blood  does  not  take  up  more  oxygen  when 
the  pure  gas  is  respired  than  Avhen  atmospheric  air  is  respired; 
further,  that  animals  that  are  made  to  breathe  in  a  small,  closed 
space  will  absorb  into  their  blood  all  of  the  oxygen  but  traces, 
to  the  point  of  suffocation.  If  the  respiratory  absorption  of 
oxygen  were  a  diffusion-process,  much  more  oxygen  would  have 
to  be  taken  up  in  the  first  case  in  accordance  with  the  partial 

iiPfluger:  Centralbl.  f.  d.  med.  Wissen.,  Bd.  v,  S.  321,  1867. 

12  Schafer:  Loc.  cit.,  vol.  i,  pp.  152  and  153,  1898. 

"  Landois:  "T.  B.  of  Physiol.,"  10th  Amer.  Ed.,  edited  by  A.  P.  Brubaker, 
p.  239,  1905. 
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pressure  of  the  gas;  while  in  the  latter  case  such  an  extensive 
absorption  could  not  take  place." 

Another  series  of  experiments,  performed  by  Bohr  and 
Henriques/*  further  emphasizes  the  presence  in  the  alveolar 
walls  of  a  substance  capable  of  absorbing  the  atmospheric  oxy- 
gen. Mechanical  obstruction  of  the  aorta,  if  the  process  had 
been  one  of  diffusion,  should  have  soon  inhibited  greatly  the 
respiratory  exchanges.  These  investigators  found  not  only 
that  the  exchanges  were  not  as  markedly  inhibited  as  is  gener- 
ally believed,  but  that  when,  in  addition  to  the  aorta,  the  main 
branches  given  off  by  this  vessel  were  closed,  the  respiratory 
exchanges  were  sometimes  incrmsed.  They  reasoned  that  the 
absorption  of  oxygen  was  due  to  the  presence  in  the  blood  of 
substances  "having  greater  avidity  for  oxygen  than  the  blood 
itself."  That  the  increased  absorption  was  due  to  the  fact  that 
obstruction  of  the  efferent  blood-paths  caused  the  oxyphile  sub- 
stance to  accumulate  in  the  lungs,  is  self-evident. 

On  the  whole,  it  seems  plain  that  the  respiratory  process  is 
carried  on  through  the  intermediary  of  some  substance  capable 
of  taking  up  the  oxygen  of  the  pulmonary  air.  But  it  is  in  this 
connection  that  Bohr's  views  have  met  their  only  true  obstacle. 
He  finally  proved  the  important  facts,  which  several  experi- 
menters had  previously  emphasized,  that  simple  diffusion  did 
not  account  for  the  respiratory  process  and  that  a  powerful  re- 
ducing secretion  was  necessary ;  but  he  did  not  reveal  the  identity 
of  this  secretion  nor  the  manner  in  which  it  carried  on  its  func- 
tions. 

This  is  precisely  the  function  I  have  found  the  secretion 
of  the  adrenals  to  fulfill. 

THE  ADRENAL  SECRETION  AS  THE  BLOOD  CONSTITUENT 
WHICH  TAKES  UP  THE  OXYGEN  OF  THE  AIR. 

Bohr  suggested  that  the  pulmonary  cells  took  an  active 
part  in  the  absorption  of  oxygen  and  the  elimination  of  car- 
bonic acid  gas,  basing  his  hypothesis  on  the  corresponding  phe- 
nomena observed  in  the  air-bladder  of  fishes.  In  1897,  in  a 
paper  written  in  conjunction  with  Henriques/^  he  deemed  it 


Bohr  and  Henriques:  Arch,  de  physiol.,  T.  ix,  pp.  459  and  819,  1897. 
Bohr  and  Henriques:   IMd.,  T.  ix,  p.  819,  1897. 
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demonstrated  that  the  lungs,  "presumably  by  means  of  a  kind  of 
internal  secretion,"  could  "modify  the  blood's  holdings  in  oxygen 
and  subsequently  the  distribution  of  oxygen  to  the  corpuscles 
and  plasma." 

My  own  conclusion  that  the  secretion  of  the  adrenals  ful- 
filled this  all-important  function  was  suggested  by  the  reducing 
properties  of  adrenal  extractives.  Vulpian  nearly  fifty  years 
ago^"  observed  that  the  expressed  juice  of  the  adrenals  gave 
ferric  chloride  an  emerald-green  color — the  result  of  the 
juice's  affinity  for  oxygen,  the  brownish  ferric  salt  being  con- 
verted into  the  green  ferrous  salt.  When  suprarenal  extracts 
came  into  general  use  they  were  found  to  be  endowed  with 
the  same  property.  Moore^^  not  only  found  them  to  be  power- 
ful reducing  substances,  but  Cybulski^^  observed  that  even  weak 
solutions  of  potassium  permanganate  destroyed  the  activity  of 
suprarenal  extract,  the  salt  doubtless  yielding  its  oxygen.  Bat- 
telli,^**  moreover,  found  that  the  activity  of  adrenalin  did  not 
become  manifest  "in  the  absence  of  oxygen."  Abel,  Takamine 
and  other  chemists  have  laid  considerable  stress  on  this  prop- 
erty, Takamine  emphasizing  the  fact  that  an  aqueous  solution 
of  adrenalin  becomes  oxidized  by  contact  with  the  air. 

Inasmuch  as  the  adrenals  secrete  their  product  into  the 
blood  of  the  suprarenal  veins  which  open  into  the  inferior  vena 
cava,  their  secretion  must  necessarily  find  its  way  (via  the 
heart)  to  the  lungs.  Again,  since  the  blood  of  the  inferior 
cava  meets  that  of  the  superior  cava  in  the  right  auricle,  all 
the  blood  of  the  organism,  when  about  to  be  exposed  to  the  air, 
cannot  but  be  supplied  with  a  given  proportion  of  adrenal  secre- 
tion and  be  evenly  distributed  by  the  venous  blood  among  the 
seven  hundred  millions  of  air-cells  that  the  lungs  contain. 

Proof  that  the  secretion  of  the  adrenals  actually  passes  up- 
ward by  the  inferior  cava  and  that  once  in  the  lungs  it  takes  part 
in  the  respiratory  process,  is  strikingly  furnished  by  the  experi- 
ments of  Bohr  and  Henriques,^"  although  these  observers  in  no 
way  refer  to  the  adrenals.  They  found,  as  we  have  seen,  that 
when  the  aorta  and  the  main  vessels  given  off  by  this  great  trunk 

1"  Vulpian:    C.  r.  de  I'Acad.  des  sci.  de  Paris,  Sept.  29,  1856. 
"  Moore:   Jour,  of  Physiol.,  vol.  xvii,  p.  xiv,  1894-95. 
18  Cybulski:   Gazeta  Lekarska,  Mar.  23,  1895. 
"Battelli:   C.  r.  de  la  Soc.  de  biol.,  T.  liv,  p.  1435,  1902. 
Bohr  and  Henriques:   Loc.  cit. 
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were  closed,  the  respiratory  exchanges  were  often  increased — 
evidence  that  an  accumulation  of  the  oxyphile  secretion  had 
occurred  in  the  lungs.  Now,  matters  were  reversed  when  they 
also  closed  the  only  channel  through  which  the  secretion  passes  i 
upward,  i.e.,  the  inferior  vena  cava.  "It  is  only  when,  along 
with  all  other  arteries  (excepting  the  coronary  arteries),"  write 
these  inv^estigators,  "the  vena  cava  [above  the  adrenals  as 
shown  by  the  report  of  their  experiments]  was  also  omitted 
from  the  circulation,  that  the  exchanges  dropped  to  the  mini- 
mum." 

The  well-known  action  of  adrenal  extractives  on  the  heart 
aiiords  tangible  proof  of  the  passage  of  this  secretion  through 
the  cardiac  cavities. 

The  investigations  of  recent  years  tend  to  sustain  the  view 
that  the  heart's  power  to  contract  rhythmically  is  distinctly  a 
property  of  the  cardiac  muscle.  Small  pieces  of  the  ganglion- 
free  apex  of  the  frog's  heart,  strips  of  the  ventricle  of  the  tor- 
toise, etc.,  will  beat  rhythmically  a  long  time  when  placed  in 
suitable  media,  blood  serum  or  artifically  prepared  fluids,  saline 
solution,  etc.,  especially  if  these  contain  calcium  and  potassium 
salts,  and  if  they  are  kept  supplied  with  oxygen  under  pres- 
sure. Yet  "it  must  also  be  borne  in  mind,"  writes  Stewart,^^ 
"that  when  we  have  localized  the  essential  mechanism  of  the 
rhythmical  contraction  in  the  muscle  of  the  heart,  wtf  have  still 
to  ask  whether  this  mechanism  is  not  put  into  action  by  some 
stimulus  external  to  the  muscle."  My  investigations  have  led 
me  to  ascribe  this  function  to  the  secretion  of  the  adrenals. 

Over  fifty  years  ago,  Brown-Sequard^^  emphasized  the  im- 
portance of  the  venous  blood  in  cardiac  dynamism.  While  ad- 
mitting that  arterial  blood  tended  to  promote  the  contractile 
power  of  the  cardiac  muscle,  he  contended  that  the  contractions 
were  due  to  a  stimulating  action  of  the  venous  blood.  The 
erroneous  belief  that  COj  was  the  energizing  agent  soon  caused 
this  view  to  be  antagonized  successfully.  When  the  CO2  is  left 
out  of  the  question,  however,  it  becomes  evident  that  the  blood 
of  the  inferior  vena  cava  does  contain  a  principle  capable  of 


==1  Stewart:    "Manual  of  Physiology,"  fourth  edition,  p.  131,  1900. 
22  Brown-Sequard:    "Experimental   Researches   applied  to   Physiology  and 
Pathology,"  p.  104,  1853. 
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contracting  the  heart-muscle.  Oliver  and  Schafer-*  and  others 
have  demonstrated  conclusively  that  intravenous  injections  of 
adrenal  extract  produce  "a  powerful  physiological  action  upon 
the  muscular  system  in  general,  but  especially  upon  the  mus- 
cular walls  of  the  blood-vessels,  and  the  muscular  wall  of  the 
heart."  My  own  researches  on  the  ox  heart-*  have  led  me  to 
conclude  that  some  of  the  adrenal  secretion  which  enters  the 
heart  with  the  blood  of  the  inferior  vena  cava — which  contains 
of  course  only  reduced  oxyheemoglobin — penetrates  into  the 
myocardium  by  way  of  the  Thebesian  foramina  and  that  it  plays 
a  leading  part  in  cardiac  contraction.  Mousset^'  also  contends 
that  the  adrenal  secretion  acts  directly  on  the  heart  muscle. 
As  the  adrenal  secretion  inevitably  enters  the  heart  with  the 
blood  of  the  inferior  vena  cava,  it  is  difficult  to  conceive  how 
it  can  fail  to  influence  cardiac  dynamism. 

This  accounts  not  only  for  the  experimental  results  re- 
corded by  Brown-Sequard,  but  also  for  the  now  well-known 
powerful  action  of  adrenal  extractives  in  the  various  forms  of 
cardiac  adynamia  shown  by  Keiehert,^"  Crile,^^  Martin  and  Pen- 
nington,^® and  others.  Moreover,  Beaman  Douglass^*  found 
that  when  the  ventricles  of  a  turtle's  heart  were  detached  from 
its  auricles  and  left  in  the  open  air,  they  began  to  beat  at  once 
when  immersed  in  a  0.001  suprarenal  solution.  This  shows  that 
its  action  on  the  heart  is  independent  of  the  nervous  supply  of 
this  organ,  a  fact  also  suggested  by  the  increase  in  force  of  the 
contractions  which  occurs,  as  emphasized  by  Wallace  and 
Mogk,^**  when  "the  vagus  influence  is  removed." 

That  the  adrenals  supply  to  the  blood  of  the  inferior  vena 
cava  a  substance  capable  of  provoking  the  phenomena  obtained 
by  intravenous  injections  of  adrenal  extractives  is  also  fully  sus- 
tained experimentally.  Considerable  evidence  to  this  effect 
has  already  been  submitted  in  the  first  volume.  A  summary  of 
this  evidence,  enriched  by  facts  found  in  literature  since,  may 
prove  helpful  at  this  stage. 

"Oliver  and  Schafer:  Jour,  of  Physiol.,  vol.  xvi,  p.  i,  1894;  and  vol.  xvil. 
p.  ix,  1895. 

2*  Cf.,  vol.  i,  pp.  421-454. 

2^  Mousset:    "Les  principes  actifs  des  cap.  surrenales,"  1903. 
2"  Reichert:    Univ.  of  Penna.  Med.  Bull.,  Apr.,  1901. 
27  Crile:    Boston  Med.  &  Surg.  Jour.,  Mar.  5,  1903. 
^Martin  and  Pennington:    Amer.  Med.,  Nov.  21,  1903. 
^Beaman  Douglass:    Amer.  Jour.  Med.  Sci.,  Jan.  1905. 

Wallace  and  Mogk:    Amer.  Jour,  of  Physiol.,  vol.  ii,  p.  v,  1899. 
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Gottschau^^  observed  in  histological  preparations  of  the 
adrenals  that  protoplasmic  masses  projected  from  the  medullary 
cells  into  the  central  vein  of  the  organ,  and  that  very  slight 
pressure  upon  the  latter  would  cause  blood  containing  these 
masses  to  issue  from  it.  They  then  assumed  the  aspect  of 
bright,  intensely  refractive  and  colorless  granules,  which, 
singly  or  in  clumps  of  fifteen  or  twenty,  were  contained  in  the 
blood  issuing  from  the  organ.  Manasse"-  also  noticed  that  hya- 
line masses  were  secreted  by  rows  of  cells  in  the  medullary 
canal  of  the  adrenals  and  that  they  then  passed  into  the  ves- 
sels of  the  latter.  A  similar  observation  was  recorded  by 
Auldj^*^  who  refers  to  the  secretion  as  a  colloid.  Stilling** 
found  the  granules  referred  to  by  Gottschau  not  only  in  the 
cortical  and  medullary  layers,  but  also  in  the  tissue  spaces. 
Pfaundler^^  discovered  similar  granules  in  the  lumina  of  the 
adrenal  vessels  and  in  the  suprarenal  vein  where  it  opens  into 
the  vena  cava. 

Again,  Cybulski  and  Szymonowicz*''  having  convinced  them- 
selves of  the  correctness  of  Brown-Sequard's  conclusion  that  in 
animals  from  which  both  adrenals  had  been  removed,  the  en- 
suing symptoms  could  all  be  arrested  by  intravenous  injections 
of  extracts  of  the  glands,  ascertained  experimentally  that  living 
adrenals  secreted  the  substance  which  gave  adrenal  extracts 
their  characteristic  properties,  and  that  blood  drawn  from  the 
suprarenal  veins  produced  effects  similar  to  those  that  follow 
injections  of  these  extracts.  Langlois^'^  was  able  to  corroborate 
these  results.  They  were  also  confirmed  by  Dreyer  in  a  series 
of  experiments  referred  to  below.  BiedP*  ascertained  that 
while  fresh  blood  from  other  veins  produced  practically  no  effect 
when  slowly  injected  intravenously,  blood  taken  from  the 
adrenal  veins  injected  in  the  same  way  caused  the  characteristic 
pulse  and  blood-pressure  curves,  i.e.,  a  primary  slight  rise  due  to 
the  addition  of  the  fluid,  followed  a  few  seconds  later  by  an  in- 
crease of  volume  and  slowing  of  the  pulse,  and  from  one  to  one 

81  Gottschau:   Archiv  f.  Anat.  u.  Physiol.,  Anat.  Abth.,  S.  412,  1883. 
s^Manasse:    Archiv  f.  path.  Anat.,  Bd.  cxxxv,  S.  263,  1894. 
s^Auld:    Brit.  Med.  Jour.,  May  12,  1894. 

Stilling:    Arch.  f.  Path.  Anat.,  Bd.  clx,  S.  234,  1887. 
^  Ptaundler:    Sitzungs-Bericht  d.   k.   Akad.   d.   Wissensch.  mathem.,  Bd. 
cl,  S.  3,  1892. 

8"  Cybulski  and  Szymonowicz:    Gazeta  Lekarska.,  Mar.  25,  1895. 
5'  Langlois:    Revue  scientifique,  p.  303,  1897. 

^Biedl:    Archiv  f.  d.  gesam.  Physiol.,  Bd.  Ixvii,  H.  9  u.  10,  S.  443,  1897. 
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and  one-half  minutes  later  by  the  maximum  rise  of  blood- 
pressure. 

All  this  is  further  emphasized  by  experimental  stimulation 
of  the  nerves  supplied  to  the  organs.  To  ascertain,  if  possible, 
the  identity  of  their  secretory  nerves,  Biedl  tied  the  vena  cava 
above  and  below  the  adrenal  veins  and  inserted  a  cannula  into 
the  vena  cava,  suspending  the  nozzle  of  the  instrument  over  a 
small  drum  connected  with  a  recorder.  The  number  of  blood- 
drops  falling  upon'  the  drum  in  a  given  time,  as  the  blood- 
pressure  in  the  vessels  was  increased  by  stimulating  the  nerves 
distributed  to  the  adrenals,  could  thus  be  accurately  recorded. 
Having  cut  both  splanchnics  in  the  thoracic  cavity,  he  stimu- 
lated the  peripheral  ends  electrically.  "During  the  first  6  to 
9  seconds,^'  says  the  physiologist,  "the  number  of  drops  re- 
mained the  same;  at  the  7th  second — sometimes  later,  about 
the  10th — a  gradual  increase  in  the  number  of  drops  occurred, 
until  20  to  25  seconds  had  elapsed,  when  the  number  of  drops 
multiplied  3  to  5  times."  The  increased  flow  continued  from  10 
to  20  seconds  after  the  current  was  no  longer  applied,  and  also 
after  the  increased  pressure  in  the  organ's  vascular  supply, 
caused  by  the  current,  had  ceased.  The  effects  could  no  longer 
be  obtained  when  the  suprarenal  nerves,  which  are  remarkable 
for  their  size,  were  severed.  Although  Biedl  was  thus  able  to 
demonstrate  that  the  splanchnic  contained  fibers  which,  when 
stimulated,  increased  the  flow  of  blood  through  the  adrenals, 
he  did  not  succeed  in  establishing  their  identity  as  secretory 
nerves. 

To  settle  this  important  feature  of  the  problem,  Dreyer,** 
in  a  series  of  experiments,  placed  a  ligature  around  the  vein 
on  either  side  of  the  gland,  the  ligature  "on  the  mesial  side 
serving  to  tie  off  the  central  end  of  the  vein,  the  other,  on  the 
lateral  side,  being  used  to  tie  in  the  cannula,"  a  straight  glass 
tube.  In  this  way,  the  blood  from  the  tube  issued  with  cer- 
tainty from  the  gland.  Specimens  of  the  blood  were  then  col- 
lected from  the  femoral  vein,  from  the  adrenal  vein  before 
stimulation,  and  from  the  adrenal  vein  during  stimulation. 
The  comparative  effects  of  these  various  bloods  when  injected 
intravenously  into  the  animals  from  which  they  had  been  ob- 


aoDreyer:   Amer.  Jour,  of  Physiol.,  vol.  il,  p.  203,  1899. 
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tained  or  into  others,  were  then  carefully  recorded.  The  eight 
experiments  reported  demonstrated  that  excitation  of  the  cut 
splanchnic  not  only  increased  the  blood-flow,  but  also  the  pro- 
portion of  secretion  in  that  blood.  Both  sets  of  animals — those 
from  which  the  blood  had  been  taken  and  the  controls — when 
"stimulation"  blood  was  injected  into  them,  showed  a  corres- 
ponding increase  of  the  characteristic  effects  of  adrenal  ex- 
tract. Briefly,  using  Dreyer's  words :  "A  given  bulk  of  adrenal 
blood  taken  during  stimulation  [of  the  cut  splanchnic]  had  a 
decidedly  greater  effect  than  the  same  bulk  of  normal  blood, 
meaning  by  normal  blood  that  which  was  taken  when  not  stimu- 
lating." 

It  is  plain,  therefore,  that  the  secretion  of  the  adrenals 
themselves  produces  effects  similar  to  those  caused  by  intra- 
venous injections  of  adrenal  extracts.  That  this  applies  to  hu- 
man adrenals  as  well  has  been  shown,  we  have  seen  in  the  first 
volume  (page  10),  by  Guinard  and  Martin,  the  expressed  juice 
of  adrenals  derived  from  an  executed  criminal  being  used. 

Finally,  the  symptoms  of  certain  diseases  or  that  follow 
extirpation  of  the  adrenals  strikingly  emphasize  a  connection 
between  these  organs  on  the  one  hand  and  the  heart  and  respira- 
tory process  on  the  other.  In  Addison's  disease,  for  example, 
the  systole  is  greatly  weakened  and  the  pulse  is  small,  extremely 
soft  and  compressible.  Lowering  of  general  metabolism — due 
to  lowered  general  oxygenation — is  shown  by  the  facts  that  the 
temperature,  when  no  complication  is  present,  is  subnormal, 
and  that  the  extremities  are  cold.  Kolleston  in  Allbutt's  Prac- 
tice*" states  that  a  cadaveric  odor  is  sometimes  emitted  by  these 
cases — a  self-evident  sign  of  lowered  vitality.  As  emphasized 
by  Sergent  and  L.  Bernard,*^  the  identical  symptoms  ascribed 
to  Addison's  disease  are  met  with  in  the  many  distinctive  dis- 
orders of  which  the  adrenals  may  be  the  seat. 

The  effects  of  removal  of  these  organs  have  been  reviewed 
at  length  in  the  first  volume.  Most  prominent  among  these, 
however,  are,  as  first  shown  by  Brown-Sequard,  lowering  of  the 
temperature  and  of  the  blood-pressure,  accompanied  by  intense 
weakness,  hardly  perceptible  heart-beat,  very  weak  and  rapid 


"RoUeston:    Allbutt's  "Practice,"  vol.  v,  p.  540,  1897. 

"  Sergent  and  L.  Bernard:   Arch.  gen.  de  med.,  July,  p.  27,  1899. 
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pulse,  etc.  That  we  are  dealing  with  morbid  phenomena  due 
to  absence  of  the  secretion  of  these  glands  was  also  demon- 
strated by  Brown-Sequard,  extracts  prepared  from  healthy 
adrenals  and  administered  subcutaneously  having  restored  the 
experimental  animals  to  a  relatively  normal  condition  which 
persisted  only  while  the  extracts  were  used. 

Pathological  and  physiological  evidence  unite,  therefore,  in 
pointing  to  the  secretion  of  the  adrenals  as  the  constituent  of  the 
blood  which  absorbs  the  oxygen  of  the  air,  in  order  to  carry  on 
oxygenation  of  the  body  at  large. 

THE  OXIDIZING  SUBSTi^NCE  (OXIDASE)  AS  A  RESPIRATORY 
CONSTITUENT  OF  ALL  ORGANISMS. 

In  the  first  volume,  I  showed  that  the  secretion  of  the 
adrenals  lost  its  identity  as  such  when  it  reached  the  lungs, 
and  that  when  the  venous  blood  had  been  exposed  to  the  air  of 
the  alveoli  and  had  become  arterial,  it  contained  a  new  sub- 
stance, the  oxidizing  substance.  This  compound  was  then 
traced  with  the  plasma  into  the  minute  capillaries  of  the  cellu- 
lar elements  of  the  various  organs  and  into  the  axis-cylinders 
of  the  nerves,  neuro-fibrils,  etc.,  and  shown  capable,  moreover, 
of  subserving  therein  not  only  the  needs  of  nutrition,  but  also 
those  of  active  function — in  so  far,  at  least,  as  the  oxygen  can 
contribute  to  these  processes. 

Exception  has  been  taken  to  my  conclusions  on  this  score 
on  the  plea  that  the  blood-plasma  per  se  did  not  contain  such  a 
substance,  this  being  based  on  results  obtained  with  the  gas- 
pump.  We  have  seen,  however,  that  shed  blood  does  not  give 
even  an  approximate  idea  of  the  oxygen-content  of  living 
blood,  its  oxygen  being  rapidly  reduced  by  another  constituent. 
This  applies  to  defibrinated  blood  as  well,  since  the  fibrin  itself 
carries  off  a  large  proportion  of  the  oxygen.  The  gas-pump 
is  as  useless  an  instrument  in  this  connection  as  the  aerotono- 
meters  referred  to  in  the  preceding  section,  and  like  them  has 
contributed  much  to  prevailing  misconceptions. 

The  blood-plasma  of  animals,  including  man,  not  only  con- 
tains such  an  oxidizing  substance,  but  its  presence  may  be  dem- 
onstrated at  every  stage  of  organic  life,  i.e.,  in  the  vegetable 
and  animal  kingdoms.    So  important  is  this  feature  of  the 
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problem,  in  fact,  that  I  deem  it  necessary  to  review  some,  at 
least,  of  the  evidence  at  our  disposal  to  this  effect.  j 

Stress  was  laid  in  the  first  volume  (Chapter  III)  on  the  i 
presence  in  the  blood  of  what  Schmiedeberg  (1876  and  1881), 
Salkowski,  Jaquet,  and  Abelous  and  Biarnes  had  characterized 
as  an  "oxidizing  ferment,"  freely  soluble,  as  shown  by  Jaquet, 
in  the  blood  fluids.  Claude  Bernard,  Pavy  and  Lepine  had 
found  that  the  plasma  could  oxidize  sugar,  the  process  being 
accompanied  by  the  production  of  carbon  dioxide,  according  to 
Kraus.  This  was  also  found  by  Pohl,  Spitzer  and  other  ob- 
servers to  apply  to  intracellular  or  tissue  juices.  Importance 
was  attached  to  the  fact  that  Abelous  and  Biarnes  had,  in  1895, 
"succeeded  in  causing  oxidation  of  salicylic  aldehyde  by  means 
of  blood-serum,  that  is  to  say,  blood  absolutely  deprived  of  its 
corpuscles,"  and  furthermore,  that  these  chemists  had  found, 
as  had  Salkowski  and  Jaquet,  that  the  passage  of  air  through 
the  blood  during  the  experiment  was  an  essential  factor  of  the 
oxidation  process.  These  experiments  thus  made  it  evident  that 
the  oxidizing  ferment  in  the  blood-serum  could  absorb  the  oxygen 
of  the  air  and  then  transfer  it  to  the  salicylic  aldehyde,  convert- 
ing the  latter  into  salicylic  acid.  The  importance  of  this  fact, 
with  respect  to  the  general  question  in  point,  is  very  great, 
since  it  shows  that  the  oxidizing  ferment  referred  to  can  ful- 
fill precisely  the  role  generally  ascribed  to  the  corpuscular 
hcemoglobin.  In  other  words,  while  it  is  believed  that  this 
haemoglobin  carries  the  oxygen  from  the  seat  of  external  respir- 
ation, the  pulmonary  alveoli,  to  the  seat  of  internal  respiration, 
the  tissue-cells,  the  foregoing  experiments  have  shown  that  the 
plasma  contains  "oxidizing  ferments"  or  "oxidases"  capable  of 
carrying  on  this  identical  function. 

Now,  it  happens  that  physiologists  have  failed  so  far  to  dis- 
cover the  identity  of  an  important  constituent  of  haemoglobin. 
Gamgee,*^  for  instance,  after  reviewing  our  knowledge  of  haemo- 
globin, concludes  that  "without  attempting  to  speculate  beyond 

the  facts  which  we  possess"  "it  may  be  assumed  that 

haemoglobin  exists  in  the  blood-corpuscles  in  the  form  of  a  com- 
pound with  a  yet  unknown  constituent  of  the  corpuscle." 

It  happens  also  that  the  blood  contains  a  group  of  oxidizing 

"Gamgee:   Schafer's  "T.  B.  of  Physiol.,"  vol.  i,  p.  1S9,  1898. 
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ferments,  or  oxidases,  the  origin  or  source  of  which,  in  animals, 
has  not  been  found.  That  these  are  also  prominent  factors  of 
the  vital  processes  is  suggested  by  Howell's**  concluding  re- 
mark, after  reviewing  briefly  the  most  salient  available  data, 
that  "such  facts  as  these  lend  great  probability  to  the  belief 
that  eventually  it  will  be  shown  that  the  oxidations  in  the  body 
are  effected  by  the  influence  of  oxidases  or  peroxidases  acting 
singly  or  in  combination  or  in  sequence  with  the  hydrolytic 
enzymes/' 

Again,  Moritz  Traube,**  in  1858,  called  attention  to  the 
need  of  some  substance  in  the  blood  which  could  act  as  inter- 
mediary between  haemoglobin  and  tissue-cells  to  account  for 
various  phenomena  witnessed.  The  term  "oxidase"  was  intro- 
duced to  describe  ferment-like  bodies  which,  without  them- 
selves undergoing  destruction,  could  so  influence  oxygen  as  to 
increase  greatly  its  oxidizing  activity.  In  1858,  Traube*''  had 
already  emphasized  the  need  of  such  a  substance  to  explain  the 
physiological  action  of  the  oxygen  carried  to  the  tissues  by  the 
haemoglobin — a  substance  which,  he  thought,  could  take  up  oxy- 
gen from  the  oxyhaemoglobin  and  transfer  it  to  the  tissues, 
thus  acting  as  an  "oxygen  transmitter."  Experimental  demon- 
stration of  the  existence  of  a  body  endowed  with  such  proper- 
ties was  not  made,  however,  until  1876,  when  Schmiedeberg*® 
published  his  first  paper.  His  investigations,  and  particularly 
those  of  Jaquet  and  the  other  chemists  referred  to  above,  hav- 
ing shown  that  the  hlood-serum  contained  a  substance  which, 
could  absorb  oxygen  from  the  air  and  then  surrender  it  to  re- 
ducing substances,  the  requirements  of  cellular  metabolism 
outlined  by  Traube  were  met.  It  could  act,  in  keeping  with  the 
latter  observer's  conception,  as  an  "oxygen  transmitter." 

That  a  ferment  was  the  active  factor  of  the  process  was 
demonstrated  a  few  years  later.  In  1883  a  Japanese  chemist, 
Hikorokuro  Yoshida,*'^  found  that  the  lacquer-forming  juice  of 
Rhus  vernicifera  underwent,  while  hardening,  slow  oxidation. 
He  ascribed  this  phenomenon  to  a  diastase  which  lost  its 
power  as  such  when  heated  to  the  boiling  point.    A  French 

"Howell:    "Text-book  of  Physiol.,"  p.  836,  1905. 
"Traube:    "Theorie  der  Permentwirkungen,"  Berlin,  1858. 
Traube:    Loc.  cit. 

"  Schmiedeberg:    Arohiv  f.  exper.  Path.  u.  Pharm.,  Bd.  vi,  S.  233,  1876. 
•"Hikorokuro  Yoshida:   Jour,  of  the  Chemical  Soc,  vol.  xliii,  p.  472. 
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chemist,  however,  G.  Bertrand,**  succeeded  in  isolating  the 
ferment  itself  and  termed  it  "laccase."  The  juice  from  which 
he  isolated  this  body  was  obtained  by  incising  the  tree  Rhus 
succedenea.  He  found  that  this  cream-like  juice  could  be  kept 
in  its  normal  state  a  long  time  in  well-stoppered  bottles,  but 
that  as  soon  as  it  was  exposed  to  the  air,  it  became  brownish, 
and  soon  acquired  a  thin,  intensely  black  layer,  insoluble  in 
ordinary  solvents  and  resisting  the  action  of  liquid  alkalies  and 
acids,  i.e.,  lacquer.  The  process  was  due,  as  stated  by  Bertrand, 
to  the  very  active  absorption  of  oxygen  from  the  air  by  the  lac- 
case and  oxidation  of  the  remaining  bodies  of  the  juice,  collec- 
tively known  as  "laccol."  It  is  plain  that  in  order  to  do  so, 
laccase  acted  as  "oxygen  transmitter." 

This  latter  process,  and  the  fact  that  oxidation  actually 
occurred,  Bertrand  was  able  to  prove  experimentally.  Thus, 
1  gramme  of  hydroquinone  in  a  one  per  cent,  solution,  shaken 
three  hours  in  the  presence  of  but  0.1  gramme  of  laccase  and 
174.9  cubic  centimeters  of  air  was  found  to  have  absorbed  25.4 
cubic  centimeters  of  oxygen.  Even  more  (32  cubic  centi- 
meters) was  taken  up  in  a  second  experiment,  in  the  presence 
of  more  air.  In  another  investigation  the  carbonic  acid  output 
was  also  ascerta,ined,  the  ratios  being  23.3  cubic  centimeters  of 
0  absorbed  to  13.7  cubic  centimeters  of  COj  output  in  one  ex- 
perunent,  and  20.8  of  0  absorbed  to  16.4  of  CO2  in  the  sec- 
ond. A  large  number  of  plants  of  various  kinds  were  then 
analyzed  by  Bertrand***  and  found  to  contain  this  laccase.  With 
Bourquelot,^"  he  also  found  it  in  mushrooms,  in  gum  arable, 
etc.  It  is  through  the  intermediary  of  laccase  that,  for  in- 
stance, pyrogallol,  gallic  acid,  tannic  acid  and  other  familiar 
substances  are  oxidized. 

A  property  among  others  which  distinguishes  any  vege- 
table or  animal  fluid  or  tissue  that  contains  the  "oxygen  trans- 
mitter" is  that  of  causing  tincture  of  guaiac  to  become  blue. 
This  phenomenon  was  first  observed  in  the  nineteenth  century 
by  Taddey,  Rudolphi,  and  Planche,  the  latter  observer  having 
found  that  boiling  of  an  organic  substance  caused  its  fluids  to 
lose  this  property ;  but  it  was  only  when  Schoenbein,  the  discov- 


*s  G.  Bertrand:  Archives  de  physiol.,  T.  viii,  p.  23,  1S96. 
*»  Bertrand:  C.  r.  de  I'Acad.  des  sci.,  T.  cxxi,  p.  166,  1895. 
"  Bourquelot:   C.  r.  de  la  Soc.  de  biol.,  2e  Serie,  T.  ii,  p.  579,  1895. 
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erer  of  ozone,  took  up  the  question  in  1856^^  and  showed  that 
many  plants  gave  the  guaiac  blue  test,  that  it  began  to  receive 
serious  attention.  Since  then,  oxidases  have  been  found  by 
various  investigators  in  so  many  plants  that  their  presence 
may  be  regarded  as  universal.  Indeed,  referring  to  an  oxidase 
he  named  "catalase" — a  term  which  implies  the  function  of 
"oxygen-transmitter"  i.e.,  catalysis — Oscar  Loew^^  wrote  after 
a  very  large  number  of  experiments:  "There  does  not  exist 
a  group  of  organisms  or  any  organ  or  even  a  single  vegetable  or 
animal  cell  that  does  not  contain  some  catalase,  as  far  as  the 
observations  of  the  writer  go.  This  general  occurrence  of  cata- 
lase in  the  organized  world  cannot  be  accidental  and  must  have 
a  certain  significance."  The  oxidizing  property  was  combined 
with  that  of  catalysis  (oxygen-transmission)  in  all  these  organ- 
isms precisely  as  in  the  case  of  the  plants  studied  by  Bertrand — 
and  also  in  that  of  animals,  as  we  shall  see  presently. 

One  still  meets  occasionally  in  literature  with  the  state- 
ment that  respiration  in  plants  is  the  opposite  of  that  in  ani- 
mals, i.e.,  that  while  the  latter  take  up  oxygen  from  the  air, 
plants  absorb  carbonic  acid.  Sachs  showed  over  thirty  years 
ago,  however,  that  such  is  not  the  case.  The  absorption  of 
carbon  dioxide  and  excretion  of  oxygen  by  the  chlorophyll  of 
the  leaves  is  concerned  with  the  nutrition  of  the  plant  only; 
and  this  occurs  in  the  daylight,  while  respiration  goes  on  both 
day  and  night.  The  plant  takes  up  oxygen  from  the  surround- 
ing air  and  gives  off  carbon  dioxide,  precisely  as  do  animals. 
This  fact  adds  greatly  to  the  interest  of  the  experimental  data 
just  outlined.  Indeed,  so  strikingly  like  the  respiratory  pro- 
cess were  the  gasometrie  results  obtained  by  Bertrand  that, 
although  his  experiments  aimed  only  to  establish  the  identity 
of  the  ferment  which  caused  the  oxidation  of  lacquer,  he  refers 
to  them  as  being  "the  first  example  of  diastatic  reaction  with 
interchange  of  gases.".  He  also  says  that  "it  is  all  the  more 
remarkable  in  that  it  [the  interchange]  resembles  in  a  way 
artificial  respiration,  and  one  may  at  least  suppose  that  it  repre- 
sents a  phenomenon  very  nearly  akin  to  that  attending  respira- 
tion in  the  vegetable  kingdom."    As  interpreted  from  my 


Schoenbeln:    Cited  by  P.  See:    Arch.  gen.  de  med.,  July  14,  1906. 
S2  Oscar  Loew:    "Catalase,"  U.  S.  Dept.  of  Agriculture  Rep.,  No.  6S,  1901. 
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standpoint,  this  does  not  exemplify  artificial  respiration,  but 
instead,  the  foundation  of  the  true  respiratory  process  of  plant- 
life. 

The  blood  of  many  invertebrates,  which  contains  no  blood- 
pigment,  hasmocyanin  or  haemoglobin,  has  likewise  been  found 
to  contain  an  oxidase,  or  oxidizing  ferment. 

Fieri  and  Portier'^^  studied  experimentally  the  blood  of 
mollusks  to  ascertain  whether  it  contained  an  oxidizing  fer- 
ment. Freshly  prepared  tincture  of  guaiac  had  been  found  by 
Bertrand  to  turn  blue  when  in  contact  with  his  laccase. 
The  labial  palps  of  acephalic  mollusks  when  dipped  in  a  few 
drops  of  water  to  which  one  or  two  drops  of  tincture  of  guaiac 
had  been  added,  showed  blue  streaks;  the  water  also  soon  be- 
came blue.  A  similar  effect  was  produced  when  the  juices  of 
a  palp  were  dropped  in  the  same  solution.  That  this  was  not 
due  merely  to  oxygen  liberated  by  the  living  cells  is  shown  by 
the  fact  that  when  Fieri  and  Bertrand  exposed  both  the  palp 
and  the  liquid  to  a  temperature  of  50°  to  60°  C,  the  activity 
of  the  oxidizing  substance  was  enhanced.  Now,  Salkowski^*  has 
shown  that  the  oxidizing  body  in  the  plasma  is  only  destroyed 
at  100°  C.  (212°  F.),  the  boiling  point,  thus  identifying  it  as 
a  ferment.  Important  in  this  connection  is  the  fact,  previously 
referred  to  (page  804),  that  when  the  blood  leaves  the  arteries, 
its  oxygen  is  rapidly  exhausted  by  a  plasmatic  constituent. 
This  is  the  substance,  as  will  be  shown  later,  that  is  destroyed 
between  50°  and  60°  C.  The  conclusion  of  Fieri  and  Fortier 
that  the  effects  witnessed  were  ascribable  to  an  oxidizing  fer- 
ment is  thus  clearly  sustained.  The  gills,  treated  in  the  same 
way,  gave  identical  results;  so  did  an  emulsion  of  thirty-six 
macerated  sets  of  gills  and  palps — a  saturated  solution  of  sali- 
cylic acid  being  used  in  its  preparation  to  eliminate  all  possi- 
bility of  bacterial  intervention. 

These  results,  as  emphasized  by  Fieri  and  Fortier,  could 
not  be  ascribed  to  corpuscular,  i.e.,  iron-containing  hemoglobin. 
A  solution  of  this  pigment,  whether  prepared  with  distilled 
water  or  with  a  saturated  solution  of  salicylic  acid,  turned 
muddy-red  when  tincture  of  guaiac  was  added  thereto. 


"  Fieri  and  Fortier:  Archives  de  physiol.,  T.  ix,  p.  60,  1897. 
"Salkowski:    Archiv  f.  path.  Anat,  Bd.  cxlvii,  S.  1,  1897. 
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Heated  to  the  boiling  point  a  few  minutes,  a  solution 
(whether  prepared  with  salicylic  acid  or  not)  of  macerated  tis- 
sues such  as  the  above  no  longer  gave  the  guaiac  reaction,  not- 
withstanding prolonged  shaking  in  the  presence  of  air.  Heated 
to  90°  C,  however,  a  portion  of  this  solution  gave  a  precipi- 
tate which,  after  being  rapidly  dried  on  blotting  paper  and  dis- 
solved in  distilled  water,  gave  the  reaction.  A  similar  precipi- 
tate allowed  to  dry  in  the  laboratory  air  first  became  gray,  then 
black.  Placed  in  water  in  this  condition,  it  did  not  dissolve,  and 
the  liquid  did  not  give  the  guaiac  reaction,  thus  showing  that  it 
had  been  oxidized  by  taking  up  the  oxygen  of  the  air.  Precisely 
the  same  results  had  been  obtained  by  Bertrand  with  laccase. 

The  gills  and  palps  of  moUusks  were  found  particularly 
active  as  compared  to  the  blood.  As  these  organs  had  given  a 
positive  reaction  with  other  reagents,  guaiacol  in  concentrated 
solution  in  distilled  water  (Bourquelot^^)  was  used  as  control. 
This  agent  gives  an  orange-red  color  to  a  solution  containing 
the  oxidizing  ferment.  The  gills  of  sixteen  Ostrea  edulis 
(oyster)  were  left  three  days  in  a  saturated  solution  (90  cubic 
centimeters)  of  salicylic  acid,  then  filtered.  Three  cubic  centi- 
meters of  this  extract  were  then  added  to  a  guaiacol  solution, 
and  an  equal  quantity  to  distilled  water.  The  first  solution  be- 
came red;  the  second  remained  clear.  These  tests  were  con- 
trolled, in  turn,  by  means  of  two  others,  the  hydroquinone  and 
pyrogallol  tests,  with  positive  results.  Hashed  gills  proved  as 
active.  Positive  results  were  also  obtained  with  blood  (except- 
ing when  boiled)  from  other  parts  of  the  body,  but  Pieri  and 
Portier  specify  that  the  gills  and  palps  respond  most  actively  to 
the  reagents.  I  have  repeated  some  of  these  experiments  in 
the  clam,  oyster  and  sea  mussel,  and  obtained  identical  results. 
The  similarity  between  the  chemical  properties  peculiar  to  the 
blood  of  the  respiratory  organs  of  mollusks,  the  oxidizing  fer- 
ment and  the  vegetable  ferment  laccase,  is  evident. 

Crustaceans  were  found  by  Abelous  and  Biames^"  to  cor- 
respond with  mollusks  as  to  the  presence  of  an  oxidizing  fer- 
ment. The  hasmolymph  of  crayfish  gave  a  positive  reaction  not 
only  with  the  tincture  of  guaiac,  but  also  with  other  reagents 


^5  Bourquelot:    C.  r.  de  la  Soc.  de  biol.,  Nov.  7,  1896. 
"Abelous  and  Biarnes:    Archives  de  physiol.,  T.  ix,  p.  277,  1897. 
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used.  Heating  to  60°  C.  did  not  prevent  the  reaction,  but  the 
latter  no  longer  occurred  after  the  boiling  point  had  been 
reached.  With  Kohmann  and  Spitzer's  reagent  (a  solution  of 
paraplienylene-dianiine),  which  gives  a  solution  containing  the 
ferment  a  violet  color,  Abelous  and  Biarnes  obtained  but  a  very 
slight  reaction  with  generative  organs  and  muscles,  and  decolor- 
ation of  the  reagent  in  the  case  of  the  liver — due  to  reduc- 
tion— followed  by  intense  violet  coloration.  Both  actions  of 
the  ferment,  reduction  and  oxidation,  were  thus  manifest. 
The  gills  showed  a  marked  reaction,  and  the  violet  color 
persisted. 

In  a  second  set  of  experiments,  the  liver  again  showed  the 
two  phases  of  action,  while  other  organs  responded  only  slightly 
or  not  at  all  to  the  guaiae  test,  but  the  gills  became  blue  "very 
rapidly  and  energetically."  The  guaiacol,  hydroquinone  and 
pyrogallol  tests  also  gave  positive  results.  A  precipitate  ob- 
tained with  alcohol,  when  dried  and  dissolved  in  distilled  water, 
gave  similar  results,  thus  showing  that  the  investigators  were 
dealing  with  the  typical  oxidizing  ferment.  An  important 
feature  of  these  experiments  is  that  when  an  extract  of  gills, 
a  solution  of  pyrogallol,  and  water  were  placed  in  a  tightly 
closed  flask  containing  air,  Abelous  and  Biarnes  ascertained 
gasometrically  not  only  that  oxygen  had  been  consumed,  but 
that  carbonic  acid  had  been  evolved. 

The  respiratory  organs  of  these  crustaceans  clearly  showed, 
therefore,  that  they  contained  the  specific  ferment.  It  became 
evident,  also,  that  the  function  of  these  organs  was  to  absorb 
oxygen  and  to  transmit  it  to  the  elements  represented  by  the 
pyrogallol  in  the  reaction,  namely,  the  tissue-cells. 

That  a  close  connection  between  the  oxidizing  ferment  and 
the  respiratory  process  actually  exists  is  emphasized  by  experi- 
ments in  vertebrates.  In  those  of  Schmiedeberg,  Jaquet,  Sal- 
kowski,  Abelous  and  Biarnes,  the  tissues  of  higher  mammals,  the 
horse,  ox,  calf,  etc.,  were  used;  a  fact  which  suggests  that  the 
domain  of  the  oxidizing  ferment  is  limitless  in  organic  life.  In 
batrachians,  whose  adrenals  consist  of  a  narrow  patch  along  each 
kidney  and  are  connected  with  the  main  blood-vessels,  arterial 
and  venous,  as  in  man,  a  direct  connection  between  the  oxi- 
dizing ferment  and  "the  respiratory  function"  has  been  sug- 


820  THE  ADRENAL  SECRETION  IN  RESPIRATION. 

gested  by  C.  Phisalix^^  (though  this  author,  of  course,  refers 
in  no  way  to  the  adrenals  in  this  connection),  as  Bertrand  had 
in  respect  to  plants. 

Phisalix  justly  contended  that  if  oxidizing  ferments  actu- 
ally presided  over  the  chemical  phenomena  of  respiration,  they 
should  be  present  in  tissues,  such  as  the  skin,  that  are  capable 
of  carrying  on  supplementary  respiratory  functions.  He  there- 
fore studied  the  subject  in  Rana  esculenta  and  temporaria  and 
Bufo  vulgaris.  The  skin  of  these  batrachians  was  allowed  to 
macerate  in  salt  water  and  the  solution  thus  obtained  was 
placed  in  three  tubes:  the  first  specimen  was  boiled;  the  air  in 
the  second  was  removed  and  the  tube  sealed;  the  third  was  left 
open,  and  its  solution  exposed  to  the  air.  The  contents  of  the 
first  two  tubes  remained  unchanged;  that  of  the  third  became 
brown,  the  color  proceeding  downward  from  the  surface.  After 
a  few  days  the  liquid  had  become  almost  black.  The  connection 
between  these  and  Bertrand's  experiments  in  plants  is  obvious. 
Now,  we  have  seen  that  boiling  destroys  the  ferment,  thus  ac- 
counting for  the  first  tube's  unchanged  state ;  sealing  of  the  sec- 
ond deprived  it  of  air,  thus  showing  that  oxygen  was  indispens- 
able to  the  assumption  of  the  iroion  color.  Phisalix  further 
proved  the  presence  of  the  oxidizing  ferment  in  the  batrachian 
blood  by  submitting  the  expressed  juice  of  frog's  skins  to  the 
guaiac  test.  The  blue  color  appeared  here  as  it  had  in  plants 
and  invertebrates,  thus  showing  that  the  ferment  could  not  only 
absorb  oxygen,  but  also  surrender  it  to  reducing  agents.  The 
skin  typified  the  lung  surface,  i.e.,  the  external  respiration,  in 
these  experiments,  and  the  guaiac  the  tissue  elements,  i.e.,  the 
internal  respiration. 

Additional  evidence  to  the  effect  that  the  blood  contains 
an  oxidizing  substance  is  that  a  similar  substance  is  present 
in  the  liquid  portion  of  milk,  which,  as  stated  in  the  first  vol- 
ume, corresponds  with  and  is  derived  from  the  blood-plasma. 

The  first  to  draw  attention  to  these  reactions  was  Arnold,^* 
who  showed  that  "fresh  cow's  milk  on  the  addition  of  a  little 
tincture  of  guaiac,  gives  a  blue  color  of  varying  intensity."  He 
ascribed  this  phenomenon  to  the  presence  of  ozone,  but  subse- 


"  C.  Phisalix:    Jour,  of  physiol.,  vol.  xxiii,  Suppl.,  p.  49,  1899. 
Arnold:    Arch.  d.  Pharmak.,  Nu.  41,  1881. 
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quent  labors  showed  its  true  identity.  Dupouy/^  Eaudnitz/" 
Gillet/^  ISTobecourt  and  Merklen,*^  and  otliers  have  also  found 
oxidase  similar  to  that  in  blood.  Spolverini"^  observed  that 
it  possessed  glycolytic  properties  identical  to  those  of  oxidase. 

As  we  will  see  farther  on,  Abelous  and  Aloy"*  recently 
found  that  the  catalytic  action  of  the  oxidizing  substance  was 
most  active  in  the  absence  of  air — precisely  the  condition  that 
prevails  in  tissue  respiration,  i.e.,  cellular  metabolism. 

Bourquelot*"^  showed  in  1897  that  while  milk  could  not  itself 
oxidize  directly,  it  could  act  as  reducing  agent  and  then  oxi- 
dize. This  action  proved  to  be  due  to  a  substance  to  which  he 
applied  the  term  "anaeroxydase" — i.e.,  a  ferment  capable  of 
carrying  on  the  oxidizing  process  in  the  absence  of  air,  by  means 
of  oxygen  derived  from  other  constituents  of  the  medium  of 
which  it  is  itself  an  occupant. 

Eeturning  to  the  blood  of  higher  animals,  we  must  not 
lose  sight  of  the  fact  that  all  tests  indicating  the  actual  pres- 
ence of  an  oxidizing  substance  were  based  on  the  action  of  tis- 
sues upon  reducing  substances.  As  this  might  be  ascribed  to 
an  excess  of  oxygen  in  these  tissues  irrespective  of  the  presence 
in  the  blood-stream  of  any  oxidizing  agent,  it  is  necessary  to 
show  that  the  blood  itself  can  respond  actively  to  guaiac.  We 
have  but  to  recall  that  the  guaiac  test  is,  in  medical  jurispru- 
dence, one  of  the  most  reliable  in  the  detection  of  human 
blood-stains,  even  in  the  absence  of  haematin,  the  iron-con- 
taining constituent  of  haemoglobin.  Seifert^®  not  only  found 
that  an  almost  colorless  solution  became  "either  at  once  or  in 
the  course  of  a  minute  or  two,  intensely  blue,"  but  that  the  test 
"frequently  demonstrates  the  presence  of  blood  when  the  re- 
sult of  the  spectroscopic  test  is  negative  and  haematin  crystals 
cannot  be  obtained." 

Finally,  JoUes*''  has  recently  demonstrated  that  the  human 
blood  contained  both  oxidase  and  catalase  (one  and  the  same 
body,  we  have  seen)   and  that  the  eatalasic,  i.e.^  catalytic, 

^*Dupouy:    These  de  Bordeaux,  1897. 

"»  Raudnitz:   Centralbl.  f.  Physiol.,  Bd.  xii,  S.  790,  1898. 

"Gillet:    Jour,  de  phys.  et  de  path,  gen.,  T.  iv,  p.  439,  1902. 

Nobecourt  and  Merklen:   La  presse  med.,  Dec.  24,  1902. 
'3  Spolverini :   Atti  del  iv,  Congr.  Ital.  de  Pediat.,  1901. 
"Abelous  and  Aloy:    C.  r.  de  la  Soc.  de  biol.,  T.  Iv,  p.  891,  1903. 
«5  Bourquelot:    Jour,  de  pharm.  et  de  chimie,  T.  v,  1897. 
63  Seifert:    Vierteljahresschrift  f.  gerichtl.  Med.,  Bd.  xvl,  H.  1,  S.  1,  1898. 

Jolles:   Miinch.  med.  Woch.,  Nov.  22,  1904. 
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power  of  the  blood  appeared  to  have  a  definite  relation  to  the 
number  of  red  corpuscles.  This  suggests  clearly  a  relationship 
between  these  bodies  and  respiration;  indeed,  Duclaux°'*  has 
expressed  the  belief  that  "oxydases  are  the  diastases  of  respir- 
ation." 

On  the  whole,  this  evidence  has  been  submitted  to  show  (1) 
that  an  oxidizing  substance  occurs  in  the  blood  of  all  living  or- 
ganisms, i.e.,  from  plant  to  man;  (2)  that  it  is  a  respiratory 
function  that  it  subserves  in  both  hingdoms,  not  only  in  so  far 
as  the  tissues  themselves  are  concerned,  but  also  in  respect  to  the 
organs  which  serve  for  the  absorption  of  oxygen  from  the  sur- 
rounding media:  the  gills,  shin,  and  lungs;  (3)  that  in  all  or- 
ganic life,  plants,  invertebrates  and  vertebrates,  this  oxidizing 
substance  absorbs  oxygen,  and  liberates  it,  thus  acting  as  an 
"oxygen  transmitter,"  i.e.,  as  a  catalyser. 

What  is  the  relationship  between  this  oxidizing  substance 
or  oxidase  and  hemoglobin  ? 

THE  OXIDIZING  SUBSTANCE   (OXIDASE)  AS  THE 
ALBUMINOUS  CONSTITUENT  OF  H.5]M0GL0BIN. 

Haemoglobin,  as  we  have  seen,  occurs  only  in  the  blood  of 
animals  already  far  advanced  in  the  evolutional  scale,  to  in- 
crease, according  to  zoologists,  its  capacity  for  oxygen.  As  red 
corpuscles  appear  in  still  higher  organisms,  i.e.,  only  in  verte- 
brates— a  relatively  small  proportion  of  the  animal  kingdom — 
it  seems  evident  that  they,  too,  are  tardy  additions  intended 
still  further  to  increase  the  blood-plasma's  efficiency  as  an  oxy- 
gen carrier  pari  passu  with  the  increasing  needs  of  the  higher 
animals.  This  is  a  necessary  feature  of  their  development, 
since,  as  shown  by  Claude  Bernard,  Magnus,  Lothar  Meyer,  and 
Hoppe-Seyler,  the  blood  "holds  in  solution  an  amount  of  oxygen 
greatly  in  excess  of  that  which  could  exist  in  a  state  of  simple 
solution."  The  history  of  the  red  corpuscle  thus  suggests  that 
it  acts  as  a  storage-cell  for  the  oxidizing  substance,  oxidase  or 
catalase,  which,  in  the  light  of  the  foregoing  evidence,  is  re- 
quired to  account  for  tissue  respiration. 

With  which  of  the  known  constituents  of  the  blood-plasma 
or  of  corpuscles  do  these  oxidizing  bodies  correspond  ? 


«*Duclaux:  Loc.  cit. 
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The  identity  of  this  substance  suggests  itself  when  a  source 
of  confusion  is  eliminated,  viz.,  the  prevailing  belief  that  tissue 
metabolism  is  accomplished  by,  or  is  due  to,  oxidation  of  tissue 
elements,  and  that  the  tissues  are  the  seat  of  an  exchange  of 
oxygen  and  carbon  dioxide  similar  to  that  believed  to  prevail 
in  the  lung, 

C.  K.  Barnes,  professor  of  plant  physiology  at  the  Univer- 
sity of  Chicago,  wrote  recently:'^'*  "I  diligently  examined  the 
most  modern  and  most  thorough  text-books  on  physiology," 
naming  several  familiar  to  us  all,  "but  in  them  I  found  no 
treatment  whatever,  indeed  no  mention  whatever,  of  the  real 
problems  of  respiration,  that  is,  of  what  is  happening  in  the  tis- 
sues, the  processes  of  which  these  external  phenomena  are  the 

sign  The   respiratory   ratio   has   proved   a  veritable 

will-o'-the  wisp,  leading  investigators  into  a  bog  where  their 
labors  and  their  thinking  were  alike  futile.  For,  as  a  sign  of 
what  is  going  on  within,  the  respiratory  quotient  is  absolutely 
valueless." 

The  line  of  evidence  offered  by  Professor  Barnes  is  par- 
ticularly applicable  in  this  connection,  since  it  corresponds 
in  a  measure  with  that  of  Bohr,  Haldane  and  Lorrain  Smith, 
and  others,  in  respect  to  the  pulmonary  process:  "Von  Frey 
and  Gruber^"  showed  that  in  a  dog's  muscle,  with  artificial 
circulation,  contractions  are  accompanied  by  an  increase  in  the 
carbon  dioxide  added  to  the  blood,  but  they  found  this  in- 
crease variable  (46-10  per  cent.)  and  less  than  the  corresponding 
absorption  of  oxygen,  so  that  the  respiratory  ratio  became  low- 
ered during  contraction.  Tissot"  showed  that  the  production 
of  carbon  dioxide  in  excised  muscles  was  increased  if  the  muscle 
were  killed  by  heat  or  were  fatigued  by  prolonged  stimulation. 
The  output  of  carbon  dioxide  in  such  cases  ivas  not  related  to  the 
rate  of  absorption  of  oxygen.  Six  years  ago  Fletcher,^^  using 
Blackman's  apparatus,  the  most  intricate  and  accurate  apparatus 
yet  devised  for  following  gaseous  exchanges,  showed  that  the 
evolution  of  carbon  dioxide  from  excised  frog's  muscles  is  inde- 
pendent of  the  amount  of  oxygen  taken  up  during  the  period. 


™  C.  R.  Barnes:    Science,  vol.  xxi.  No.  529,  p.  241,  1905. 

'"Von  Frey  and  Gruber:    Dubois-Reym.  Arch.  f.  Physiol,  S.  533,  1885. 

"  Tissot:    Arch,  de  phys.,  T.  vi,  p.  838,  1894,  and  lUd.,  T.  vii,  p.  641,  1895. 

'2  Fletcher:   Jour,  of  Physiol.,  vol.  xxiii,  p.  10,  1898. 


824  THE  ADRENAL  SECRETION  IN  RESPIRATION. 

He  distinguished,  in  the  production  of  carbon  dioxide,  first,  a 
short  period  (about  six  hours),  which  he  thinks  dependent  upon 
the  presence  of  oxygen;  and  second,  a  long-continued  evolu- 
tion of  carbon  dioxide  'due  to  chemical  processes  occurring 
spontaneously  within  the  muscle,  in  which  complex  molecules 
are  replaced  by  simpler  ones,  with  the  conspicuous  results  of  the 
appearance  of  [sareolactic]  acid  and  of  free  carbon  dioxide.' 
He  adds:  'Under  suitable  conditions  the  occurrence  of  active 
contractions  in  an  excised  muscle  is  not  accompanied  by  an  in- 
crease in  the  rate  at  which  carbon  dioxide  is  yielded  by  the 
muscle,'  though  oxygen  is  abundantly  supplied  then  by  the 
blood." 

"A  great  number  of  researches  of  the  same  tenor  can  be 
found  in  botanical  literature,"  continues  the  author.  "A  single 
example  must  suffice.  In  an  elaborate  paper,  Purjewicz''^  shows 
that  the  variations  in  the  carbon  dioxide  produced  and  the  oxy- 
gen absorbed  during  a  given  period  under  various  conditions 
are  not  parallel,  the  amount  of  carbon  dioxide  ranging  within 
far  wider  limits  than  the  oxygen.  Thus,  the  carbon  dioxide 
varied  from  0.14  to  120  per  cent,  of  the  average;  the  oxygen 
varied  from  0  to  48  per  cent,  of  the  average.  Purjewicz,  indeed, 
expressed  his  conviction  that  the  respiratory  ratio  has  no  value 
as  indicating  the  actual  course  of  respiration,  and  would  sepa- 
rate the  taking  up  of  oxygen  and  the  production  of  carbon  di- 
oxide as  two  processes  indirectly  related." 

This  evidence  speaks  for  itself.  There  is  no  more  corres- 
pondence between  the  oxygen  intake  and  the  CO2  output  in  the 
tissues  than  there  is  in  the  pulmonary  process.  What  is  there, 
however,  to  replace  oxidation? 

Armand  Gautier,^*  professor  of  physiological  chemistry  in 
the  Faculty  of  Paris,  as  far  back  as  1881,  called  attention  to 
the  fact  that  the  truly  active  and  living  portion  of  our  cells 
(the  nucleus  and  protoplasm)  carried  on  its  functions  without 
the  direct  participation  of  free  oxygen,  and  that  it  was  only 
outside,  as  it  were,  of  the  protoplasm  itself  and  at  the  expense 
of  its  products,  that  the  combustion  phenomena  occurred.  To 
this  extraprotoplasmic  combustion  he  also  ascribed  the  greater 


"Purjewicz:   Jahr.  wiss.  Bot.,  Bd.  xxxv,  S.  573,  1900. 

"Armand  Gautier:    "La  chimie  de  la  cellule  vivante,"  Paris,  1881. 
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part  of  the  body's  heat  and  energy — the  phenomena  which, 
owing  to  their  prominence,  had  alone  attracted  the  attention 
of  physiologists.  Indeed,  analogy  could  not  but  suggest,  he 
thought,  the  direct  participation  of  oxygen  in  the  intraproto- 
plasmic  processes.  Surrounded  as  it  was,  intus  et  extra,  by 
oxygen,  the  animal  organism  logically  suggested  itself  as  the 
seat  of  a  gradual  though  ceaseless  combustion  capable  of  supply- 
ing its  heat  and  power.  Gautier  showed,  however,  that  the 
protoplasm  of  our  tissues  carries  on  a  function  similar  to  the 
respiratory  process  of  anaerobic  bacteria,  though  unlike  the  lat- 
ter, it  cannot,  from  simpler  materials,  ammoniacal  salts  and  a 
few  other  mineral  salts,  elaborate  albuminoid  substances.  But 
apart  from  the  fact  that  it  requires  the  latter  ready-made,  as 
it  were,  it  is  able  to  modify  them,  huild  them  up  in  a  complicated 
fashion  and  simplify  them  again  without  direct  oxidation  of  the 
materials  involved  in  the  process. 

Evidence  to  the  same  effect  is  contributed  by  Barnes: 
"Pfliiger,  in  the  early  seventies,"  says  this  author,  "discovered 
what  seemed  a  peculiar  form  of  respiration.  He  found  that 
a  frog  put  into  a  vacuum  continued  to  give  off  carbon  dioxide ; 
and  presently  the  same  phenomenon  was  observed  by  Pfeffer 
and  others  in  plants."  He  also  remarks  in  the  same  connec- 
tion: "Plainly  the  changes  that  were  going  on  within  the  or- 
ganism which  enabled  it  to  give  off  carbon  dioxide  when  no  free 
oxygen  was  to  be  had  could  only  be  a  rearrangement  of 
atomic  groups  within  the  molecule  and  the  formation  of  pro- 
ducts which  were  simpler  than  those  from  which  they  arose." 
These  are  adduced  by  the  author  as  examples  of  anaerobic 
respiration.  After  submitting  additional  testimony,  he  states 
that  "the  analogy  between  anaerobic  respiration  and  fermenta- 
tion has  been  suggested  early — even  by  Pasteur — and  has  thus 
been  growing  closer  with  each  added  bit  of  knowledge."  Morat 
and  Doyon,'''^  in  their  recently  published  treatise,  also  state  that 
"the  view  that  the  process  which  in.  the  human  organism  pro- 
vokes a  rise  of  temperature  involves  the  presence  of  oxidizing 
ferments,  is  being  increasingly  accepted";  the  present  trend 
being  that  "fermentation  is  the  prevailing  chemical  process  in 
living  beings." 

's  Morat  and  Doyon:    "Trait§  de  physiologie, "  Paris,  1899-1904. 
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This  coincides  with  Howell's  reference  to  the  great  prob- 
ability that  "eventually  it  will  be  shown  that  the  oxidations  in 
the  body  are  effected  by  the  influence  of  oxidases  or  peroxidases 
acting  singly  or  in  combination  or  in  sequence  with  the  hydro- 
lytic  enzymes."  If,  however,  we  eliminate  therefrom  the  word 
"singly"  which  implies  direct  oxidation — a  fallacy  we  have  Just 
seen — and  the  words  "in  sequence,"  which  can  only  be  applicable 
to  eatabolism,  leaving  only  "in  combination,"  we  will  be  brought 
within  the  precincts  of  demonstrated  facts.  Indeed,  as  will  be 
shown  in  succeeding  chapters,  there  is  abundant  evidence  to  the 
effect  that  in  the  tissues  as  well  as  in  the  alimentary  canal, 
the  oxidizing  substance,  or  oxidase,  acts  in  combination  with 
hydrolytic  enzymes.  We  have  already  seen,  in  the  preceding 
section,  that  even  in  invertebrates  there  are  two  different  sub- 
stances in  the  body  fluids  which  respond  to  the  guaiac  test:  the 
oxidase,  which  remained  active  up  to  the  boiling  point,  and  an- 
other which  was  invariably  destroyed  "between  50°  and  60°  C." 
The  identity  of  the  latter  suggests  itself  when  we  recall  that 
while  trypsin  is  found  in  all  cells,  its  activity,  as  stated  by 
Moore,'^'^  "increases,  according  to  Eoberts,  with  rising  tempera- 
ture, until  60°  C.  is  reached,  and  then  rapidly  falls." 

In  what  form  does  the  oxidizing  substance  take  part  in  this 
combination?  We  are  no  longer  dealing  with  oxygen  simply 
liberated  by  the  red  corpuscles,  as  taught  in  text-books,  but 
with  a  substance  dissolved  in  the  blood — that  which  reacts  to 
the  guaiac  test.  As  shown  by  Jolles,'^  the  oxidase-catalases 
(found  by  Loew,  we  have  seen,  in  the  fluids  of  all  animals  and 
plants  studied)  are  colloid,  and  are  in  solution  in  the 
blood.  Jolles  noted,  moreover,  that  they  showed,  as  previously 
stated,  a  striking  characteristic,  viz.,  that  their  activity 
was  in  definite  relation  to  the  number  of  red  corpus- 
cles present.  Now,  in  the  first  volume  (page  715),  I 
had  previously  shown  that  droplets  derived  from  the 
red  corpuscles,  traced  by  Hirschfeld  from  the  interior  of 
these  cells  to  the  periphery  and,  through  a  minute  aperture  in 
the  latter,  to  the  surrounding  plasma,  were  minute  drops  of 
oxidizing  substance — the  so-called  blood-plates,  platelets,  or 


"Moore:  Schafer's  "T.  B.  of  Physiol.,"  vol.  i,  p.  337,  1898. 
"  Jolles:   Loc.  cit. 
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hamatoblasts  of  as  many  authors,  who  had  not  discovered  their 
true  identity.  Jolles  thus  not  only  contributes  additional  tes- 
timony to  the  presence  of  an  oxidizing  substance  in  the  plasma, 
but  he  emphasizes  a  fact  I  had  previously  pointed  out,  viz.,  that 
it  was  through  the  red  corpuscles  that  the  blood-plasma  was  kept 
supplied,  not  with  oxygen  as  now  taught,  but  with  its  oxidizing 
substance  or  oxidase. 

With  what  substance  known  to  be  present  in  the  red  cor- 
puscles does  this  oxidizing  colloid  correspond?  Gamgee,  we 
have  seen  in  the  preceding  section,  states  that  "it  may  be  as- 
sumed that  haemoglobin  exists  in  the  blood  corpuscles  in  the 
form  of  a  compound  with  a  yet  unknown  constituent  of  the  cor- 
puscle." Elsewhere,  however,  he  also  writes  that  under  the  in- 
fluence of  various  chemical  agents,  hEEmoglobin  "undergoes  a 
decomposition  of  which  the  chief  products  are  an  albuminous 
substance  or  substances,  and  a  coloring  matter  which  contains 
the  whole  of  the  iron  originally  present  in  the  oxyhaemoglobin 
or  haemoglobin  decomposed."  The  albuminous  substance  is 
evidently  the  "unknown  constituent"  referred  to  above,  since 
he  likewise  remarks :  "As  to  the  true  nature  of  the  albuminous 
residue,  we  have  very  little  knowledge." 

It  becomes  a  question,  however,  as  to  which  of  the  two 
bodies  mentioned,  the  albuminous  substance  or  the  coloring 
matter,  is  the  one  capable  of  leaving  the  corpuscle,  since  "col- 
oring matter"  suggests  that  it  might  be  the  oxidizing  substance. 
But  Gamgee''*  says  in  this  connection:  "The  coloring  matter 
of  the  red  corpuscles  is  not  extracted  from  them  by  the 
plasma;"  Schafer,  moreover,  states  that  "it  is  indiffusible 
through  the  unaltered  envelope  of  the  corpuscle."  It  is  self- 
evident,  therefore,  that  it  is  the  albuminous  constituent  of  hae- 
moglobin that  is  secreted  in  droplets  by  the  red  corpuscles. 

Finally,  is  the  albiiminous  constituent  of  haemoglobin  se- 
creted by  the  red  corpuscle  the  oxidizing  substance?  Were 
haematin  to  leave  the  corpuscles  at  all,  it  could  not  fulfill  the 
role  of  oxidizing  substance,  for  as  shown  by  Hoppe-Seyler 
(cited  by  Gamgee''*'),  "perfectly  pure  solutions  of  haematin  are 
quite  unaffected  by  reducing  agents."    Nor  is  haemoglobin,  i.e., 


™  Gamgee:  Loc.  cit.,  p.  189. 
'"Gamgee:   Loc.  cit.,  p.  252. 
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haBiiiatin  and  its  albuminous  moiety  conjoined,  endowed  with 
the  properties  of  the  oxidizing  substance,  since,  as  shown  by 
Fieri  and  Portier,*"'  a  solution  of  this  pigment,  when  tincture 
of  guaiac  is  added  thereto,  turns  a  muddy-red.  The  oxidizing 
substance  can  only  be,  therefore,  the  albuminous  moiety  which 
is  extracted  from  the  corpuscles  by  the  plasma.  We  have  seen 
that,  as  shown  by  Jolles,  the  activity  of  the  oxidase-catalase  is 
marked  in  proportion  as  the  number  of  these  cells  is  great; 
and  also  that  as  stated  by  Seifert,^^  a  solution  of  human  blood 
becomes  in  the  course  of  a  minute  or  two,  intensely  blue,  and 
that  this  test  prevails  even  when  hsemin  crystals  cannot  be  ob- 
tained. 

Summarizing  this  evidence,  and  pending  additional  testimony, 
we  may  conclude:  (1)  that  an  exchange  of  gases  does  not  occur 
in  the  tissues  any  more  than  in  the  pulmonary  alveoli;  (2)  that 
tissue  metaholism  or  "respiration"  is  not  due  to  combustion  or 
oxidation  of  the  tissues;  (3)  that  tissue  metaholism  is  due  to  a 
process  of  fermentation  in  which  the  oxidizing  substance  (oxi- 
dase, catalase,  etc.)  takes  part;  (4)  that  the  oxidizing  substance 
required  for  this  function  is  supplied  in  the  form  of  droplets 
(the  so-called  "blood-platelets"  or  "hcBmatoblasts" )  by  the  red 
corpuscles;  (5)  that  the  oxidizing  substance  is  the  albuminous 
constituent  of  hcemoglobin. 

THE  RED  CORPUSCLES  AS  STORAGE-CELLS  FOR 
THE  OXIDIZING  SUBSTANCE. 

How  is  the  oxidizing  substance  held  within  the  red  corpus- 
cles pending  its  gradual  distribution  ?  This  question  brings  to 
light  another  obscure  feature  of  the  problem.  Howell,*-  for 
instance,  says :  "The  point  that  remains  uncertain  is  the  con- 
dition in  which  the  hgemoglobin  exists  within  the  corpuscle.  It 
is  evidently  not  in  solution,  since  the  amount  present  is  too  great 
to  be  held  in  solution  in  the  corpuscle,  and  moreover,  even  a 
thin  layer  of  corpuscles  is  far  from  being  transparent."  The 
answer  to  this  is  embodied  to  a  great  extent  in  the  data  sub- 
mitted in  the  foregoing  pages :  hjematin  is  a  permanent  resident 
of  the  red  corpuscles;  the  oxidizing  substance  only  remains 


Fieri  and  Portier:  Loc.  cit. 
«i  Selfert:   Loc.  cit. 

Howell:    Loc.  cit.,  p.  385. 
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within  its  precincts  until  a  substance  having  a  very  marked 
affinity  for  its  oxygen  "extracts"  it,  in  the  form  of  droplets — 
the  minute  "blood-platelets."  These,  as  emphasized  in  the  pre- 
ceding section,  are  in  reality  droplets  of  oxidizing  substance,  i.e., 
of  oxygen-laden  adrenal  secretion.  As  the  latter  leaves  the 
adrenals  in  the  form  of  colloid  granules  and  is  absorbed  by  the 
red  corpiiscles,  the  hsemoglobin  in  the  cells  meets  the  condi- 
tions defined  by  Howell:  the  94  per  cent,  of  oxygen-laden 
adrenal  secretion  they  contain  besides  their  hsematm  (which 
gives  the  blood  its  red  color)  is  not  in  "solution;"  it  is  composed 
of  hyaline  masses  sufficiently  viscid  when  secreted  by  the 
adrenals  to  have  suggested  the  term  "protoplasmic  masses"  to 
Gottschau.*^  Indeed,  as  stated  by  Landois,*'  hfemoglobin  "is 
a  colloidal  substance." 

Again,  text-books  of  physiology  teach  that  it  is  the  iron  of 
the  hgemoglobin  that  takes  up  the  oxygen  of  the  air.  We  have 
seen,  however,  that  in  all  the  higher  animals  the  substance 
which  fulfills  this  function  is  the  albuminous  portion  of  hemo- 
globin, that  which  contains  no  iron.  This  is  further  shown  by 
the  fact  that  it  is  this  albuminous  body  which  in  the  blood  ful- 
fills the  role  of  catalytic  or  "oxygen  transmitter,"  a  role  as 
clearly  carried  on  in  plants  and  invertebrates,  in  which  no  hse- 
matin  is  present,  as  it  is  in  animals  supplied  with  this  iron  pig- 
ment. We  have  seen,  also,  that  it  is  the  substance  which  is 
outside  the  red  corpuscles,  this  same  albuminous  substance, 
which  turns  guaiac  blue;  it  is  obviously  not  the  hsematin,  since 
this  pigment  remains  within  the  corpuscles.  Finally,  if  the 
iron-laden  hsematin  were  the  substance  which  absorbs  the  oxy- 
gen of  the  air  to  supply  the  tissues,  it  should  also  be  capable 
of  oxidizing  guaiac,  i.e.,  of  turning  it  blue;  but  it  does  not; 
even  when  mixed  with  the  albuminous  substance  it  turns  guaiac 
a  muddy-red.  Finally,  the  albuminous  constituent  is  evidently 
the  familiar  carrier  of  oxygen,  oxyhaemoglobin,  for  as  stated  by 
Hammarsten,**^  the  substance  has  "a  direct  action  upon  tincture 
of  guaiacum." 

This  apparently  leaves  the  hgematin  without  function,  since 

^^Gottschau:    Loc.  cit. 
"^Landois:    Loc.  cit,  p.  51. 

Hammarsten :    "Text-book  of  Physiol.  Chemistry,"  fourth  edition,  p.  169, 
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the  only  role  ascribed  to  it  at  present  is  that  of  taking  up  the 
oxygen  of  the  air.  Its  history  suggests,  however,  that  it  is 
endowed  with  an  important  though  different  role.  Indeed,  we 
have  seen  tliat  haemoglobin  occurs  in  relatively  few  inverte- 
brates, whereas  it  is  present  in  practically  all  vertebrates,  i.e., 
at  a  stage  of  the  animal  scale  where  the  blood's  volumetric 
capacity  must  be  greatly  increased  to  satisfy  the  needs  of  greater 
aggregates  of  cell  colonies  such  as  those  of  which  the  higher 
animals  are  composed.  In  the  preceding  section  I  termed  the 
red  corpuscles  "storage-cells."  Indeed,  their  advent  coincides 
with  a  time  when,  although  hgemoglobin  is  present,  its  mere 
dissolution  in  the  blood  fluids — as  it  is  in  some  Annelides — 
would  fail  to  supply  enough  oxygen  to  sustain  all  the  vital 
functions  of  the  organism.  Griffiths,*"  for  instance,  says :  "In 
the  higher  animals  the  corpuscles  are  of  two  kinds,  red  and 
colorless;  but  in  the  Invertebrata  there  rule,  only  col- 

orless corpuscles."  A  role  such  as  that  I  ascribe  to  the  red  cells, 
therefore,  is  a  logical  feature  of  animal  evolution,  since  by  stor- 
ing a  large  quantity  of  the  oxygen-laden  adrenal  secretion  or 
oxidizing  substance,  these  cells  meet  the  needs  of  advanced  de- 
velopment. This  involves,  however,  the  presence,  in  the  cor- 
puscle, of  a  body  capable  of  anchoring  the  oxidizing  substance. 
Haematin  is  not  only  endowed  with  the  properties  required  to 
fulfill  this  role,  but  there  is  in  the  red  corpuscle  no  other  sub- 
stance to  assume  it. 

That  haematin  has  considerable  affinity  for  oxygen  is  suffi- 
ciently emphasized  by  the  fact  that  physiologists  have  long  held 
and  now  teach,  that  its  iron  (HowelP'^  states  that  haematin  "con- 
tains all  the  iron  of  the  original  hgemoglobin  molecule")  com- 
bines with  the  oxygen  of  the  air,  to  carry  it  to  the  tissues. 
Given,  therefore,  a  substance  such  as  the  oxygen-laden  adrenal 
secretion  in  the  blood-stream,  and  coincidently  red  corpuscles  con- 
taining little  else  than  haematin,  after  circulating  in  the  whole 
body  this  haematin  should  reduce  the  oxygen-laden  adrenal  se- 
cretion— provided  the  hold  of  the  latter  upon  its  own  oxygen  is 
sufficiently  loose.  We  have  seen,  however,  that  such  is  not  the 
case,  and  that  the  affinity  of  the  adrenal  secretion  for  oxygen 


8»  Griffiths:    Loc.  rit.,  p.  125. 

8' Howell:    Loc.  rit.,  p.  390,  1905. 
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is  very  marked.  Haematin  does  not  deprive  the  adrenal  secre- 
tion of  its  oxygen,  but  through  its  own  affinity  for  the  latter 
draws  within  the  corpuscle  both  this  gas  and  the  adrenal  secre- 
tion. The  latter,  after  its  exposure  to  the  air  of  the  alveoli 
being,  as  we  have  seen,  the  albuminous  constituent  of  hgemo- 
giobin,  it  serves,  on  entering  the  corpuscle  and  combining  with 
the  hgematin,  to  build  up  the  haemoglobin  molecule.  The  hae- 
matin is  evidently  capable  of  thus  causing  an  enormous  pro- 
portion of  the  oxygenized  adrenal  secretion  to  enter  the  cell, 
for  the  albuminous  portion  of  haemoglobin  represents  94  per 
cent.  (Gamgee)  of  the  whole.  This  clearly  points  to  haematin 
as  the  agent  which  causes  accumulation  of  the  oxidizing  sub- 
stance in  the  red  corpuscle  and  to  the  latter  as  a  storage-cell. 

Evidence  to  this  effect  is  also  afforded  by  the  fact  that  such 
a  function  accounts  for  the  existence  of  the  albuminous  com- 
ponent of  haemoglobin.  We  have  seen  that  Gamgee  character- 
ized this  body  as  the  "unknown  constituent  of  the  haemoglobin 
molecule."  The  iron  of  the  haematin  being  solely  credited  with 
the  role  in  respiration  ascribed  to  haemoglobin  as  a  whole,  this 
"unknown  constituent,^'  though  it  represents  9Jf  per  cent,  of  the 
entire  molecule  is  devoid,  according  to  present  teachings,  of  all 
function!  Again,  as  Hammarsten***  says,  hemoglobin  "occurs 
only  in  very  small  quantities  in  arterial  blood,  in  larger  quan- 
tities in  venous  blood."  Why  should  such  be  the  case  if  the 
iron  of  the  haematin  alone  carries  on  the  respiratory  process? 
The  excess  of  haemoglobin  in  the  venous  blood — which  neces- 
sarily applies  to  the  albuminous  portion,  since  the  iron  does  not 
leave  the  corpuscles — is  another  feature  left  in  abeyance  by 
the  prevailing  teachings.  With  the  red  corpuscles  as  storage- 
cells,  however,  the  reason  for  this  becomes  self-evident:  In 
arterial  blood  the  albuminous  portion  of  the  haemoglobin,  i.e., 
the  oxygenized  adrenal  secretion,  is  stored  in  the  corpuscles ; 
gradually,  as  it  leaves  these  cells  in  droplets,  we  have  seen,  to 
circulate  in  the  minute  capillary  networks  of  the  cellular  ele- 
ments into  ivhich  the  red  corpuscles  do  not  penetrate,  it  passes 
on,  as  a  worn-out  substance,  to  the  veins.  Briefly,  in  the  ar- 
terial blood,  it  is  stored  in  the  corpuscles,  while  in  the  venous 
blood  it  is  free — though  deprived  of  oxygen. 


88  Hammarsten:   hoc.  cit,  p.  170. 
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It  becomes  a  question  now  as  to  where  the  red  corpuscles 
are  charged,  as  it  were,  with  their  oxygen-laden  albuminous 
constituent,  i.e.,  their  oxyhemoglobin.  In  the  first  volume 
(page  145),  I  submitted  the  following  conclusions:  "(1)  When 
the  secretion  of  the  adrenals  reaches  the  pulmonary  alveoli,  it 
absorbs  oxygen  from  the  air  and  forms  with  the  latter  a  com- 
pound or  'oxidizing  substance.'  (2)  A  part  of  this  oxidizing 
substance  is  absorbed  by  the  haemoglobin  of  the  corpuscles  and 
the  balance  remains  in  the  blood-plasma."  All  the  evidence 
collected  since  has  only  served  to  confirm  these  conclusions. 

The  course  of  the  adrenal  secretion  from  the  adrenals  to  the 
lungs  having  been  given  in  detail  in  the  second  section  of  this 
chapter  (page  806),  the  changes  it  undergoes  when  it  reaches 
the  alveoli  need  alone  be  reviewed  in  the  present  connection. 

The  need  of  a  secretion  to  account  for  the  respiratory  pro- 
cess pointed  out  by  Bohr  and  subsequently  defended  by  his  col- 
laborator, Henriques,  Haldane  and  Lorrain  Smith,  and  Harley, 
has  steadily  gained  ground  of  late.  Pembrey,  in  a  very  recent 
(1906)  publication,*®  after  a  careful  review  of  the  respiratory 
process,  concludes:  "The  body  of  evidence  has  thus  been 
steadily  increasing  in  favor  of  the  secretory  theory,  especially 
as  regards  the  absorption  of  oxygen."  We  have  seen,  however, 
that  for  want  of  a  known  secretion  to  account  for  the  phenom- 
ena witnessed,  Bohr  assumed  that  the  lungs  themselves  sup- 
plied the  secretion — a  view  sustained  in  no  way  by  experimental 
facts.  We  have  seen,  on  the  other  hand,  that  my  own  view 
that  the  secretion  of  the  adrenals  fulfills  this  function  is  backed 
by  very  strong  testimony  from  whatever  direction  the  question 
as  a  whole  is  considered. 

Once  in  the  close  capillary  network  of  the  alveoli,  the 
adrenal  secretion  is  only  separated  from  the  air  they  contain 
by  an  extremely  thin  layer  composed  of  delicate  alveolar  mem- 
brane and  its  alveolar  epithelium,  which  together  are  barely 
0.001  millimeter  thick.  Indeed,  according  to  Bohm,  Davidoff 
and  Huber,""  the  capillary  network,  "which  is  extremely  fine," 
is  "sunken  into  the  epithelium."    Now  it  is  in  these  extremely 


™  Pembrey:  Hill's  "Recent  Advances  in  Physiol,  and  Bio-Chemistry,"  p. 
549,  1906. 

•»  Bohm,  Davido£f  and  Huber:  "Text-book  of  Histology,"  second  edition, 
p.  316,  1905. 
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fine  capillaries  that  the  red  corpuscles  containing  the  hmmatin 
meet  the  adrenal  secretion.  Both  being  reducing  agents,  they 
would  simultaneously  combine  with  the  oxygen  of  the  alveolar 
air  and  remain  apart  were  it  not  lor  an  important  fact,  viz.,  that 
the  adrenal  secretion,  besides  being  free  in  the  blood,  is  much 
more  energetic  as  a  reducing  agent  than  the  haematin  within 
the  red  corpuscles.  As  a  result,  the  secretion  alone  absorbs 
the  oxygen  of  the  air  through  the  delicate  alveolar  membrane, 
and  the  blood  in  the  capillary  network  is  thus  constantly  satu- 
rated, so  to  say,  with  oxygen-laden  adrenal  secretion.  It  is  at 
this  stage  that  the  corpuscular  haematin  comes  into  play.  The 
red  corpuscles — each  of  which,  as  stated  by  Howell,  "forms  a 
meshwork  or  spongy  mass" — being  surrounded  by  this  blood, 
their  hsematin  absorbs  oxygenized  secretion  until  replete,  and 
ready,  therefore,  to  carry  on  their  active  function  as  constitu- 
ents of  the  arterial  blood,  laden  as  they  are  with  oxyha^moglobin. 

That  a  reducing  agent  actually  exists  in  the  lungs  was 
emphasized  by  the  labors  of  Bohr,  Haldane  and  Smith,  and 
others.  Garnier,'^^  twenty  years  ago,  showed  that  a  solution  of 
ultramarine  blue  was  decolorized  when  sprayed  into  the  lungs. 
This  can  only  be  produced  by  a  powerful  reducing  agent.  Car- 
bonic acid  and  taurin,  the  only  two  possible  components  of  the 
alveolar  fluids  which  might  act  as  such,  failed  invariably  to  pro- 
duce such  an  effect  on  the  solution.  Pembrey*^  also  writes :  "A 
still  further  piece  of  evidence  in  favor  of  the  secretory  theory 
is  the  great  capacity  of  the  pulmonary  tissue  to  reduce  alizarin- 
blue  when,  as  in  Ehrlich's  experiments,  it  is  injected  into  the 
living  body,  and  air  is  still  passing  in  and  out  of  the  lungs." 

That  this  reducing  agent  is  the  adrenal  secretion  is  shown 
in  various  ways.  Oxyhgemoglobin  is  "readily  decomposed,"  as 
stated  by  Hammarsten,"^  by  alkalies.  Moore  and  Purinton"* 
and  others  emphasize  the  fact  that  the  active  substance  of  the 
adrenals  is  rapidly  destroyed  by  alkalies.  Hammarsten  also 
says  that  "oxyhaamoglobin  is  insoluble  in  ether,  chloroform, 
benzene  and  carbon  disulphide."  Vulpian"-''  found  the  ex- 
pressed juice  of  the  adrenals  insoluble  in  ether  and  benzene. 

*i  Gamier:    C.  r.  de  I'Acad.  d.  sci.  de  Paris,  July  26,  1886. 
"2  Pembrey:    hoc.  cit.,  p.  549. 
"'Hammarsten:    Lor.  cit.,  p.  169. 

»*  Moore  and  Purinton:    Amer.  Jour,  of  Physiol.,  vol.  iii,  p.  xv,  1900. 
"^Vulpian:   C.  r.  de  I'Acad.  d.  sci.  de  Paris,  Sept.  29,  p.  663,  1856. 
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Moore""  states  that  the  adrenal  active  agent  is  insoluble  in 
ether,  chloroform  and  carbon  disulphide.  Throughout  the  vari- 
ous stages  of  organic  life,  we  have  seen,  the  oxidizing  substance, 
i.e.,  the  oxyhsemoglobin,  resists  all  temperatures  up  to  the  boil- 
ing point.  Cybulski,"''  Moore,  and  others  observed  that  boil- 
ing alone  annulled  the  activity  of  the  adrenal  extractives.  In 
other  words,  the  chemical  properties  of  the  adrenal  secretion  are 
similar  to  those  of  free  oxyhfemoglobin,  the  product  it  becomes, 
as  I  pointed  out  in  the  first  volume,  after  traversing  the 
alveolar  capillaries. 

Griffiths '  states  that  in  Annelida  the  h£emoglobin  is  dis- 
solved in  the  fluid  Huxley  called  "respiratory  blood,"  and  "does 
not  belong  to  the  corpuscles."  Nor  does  it  in  man,  in  whom 
these  corpuscles  act  only  as  storage-cells. 

This  evidence  seems  to  me  to  warrant  the  following  conclu- 
sions: (1)  that  it  is  not  the  iron  of  thehcemoglobinasnow  taught 
which  combines  loosely  with  the  oxygen  of  the  air  to  carry  it  to 
the  tissues;  (2)  that  this  function  is  fulfilled  by  the  oxidizing 
substance  alone;  (3)  that  the  red  corpuscles  are  storage  cells  for 
the  oxidizing  substance,  i.e.,  the  oxygenized  adrenal  secretion; 
(4)  that  the  corpuscular  hcematin,  owing  mainly  to  its  iron,  is  the 
substance  which  in  the  corpuscles  acts  as  storage  material;  (5) 
that  the  affinity  of  its  iron  for  oxygen  causes  it  to  combine  loosely 
with  the  oxygen  of  the  oxidizing  substance,  as  fast  as  the  adrenal 
secretion  is  being  converted  into  the  latter  in  the  alveolar  capil- 
laries; (6)  tliat  this  process  entails  the  absorption  into  the  red 
corpuscles  of  all  the  oxidizing  substance  they  can  accommodate ; 

(7)  that  the  red  corpuscles  do  not,  as  now  taught,  supply  free 
oxygen  to  the  tissues  through  the  intermediary  of  the  plasma; 

(8)  that  droplets  of  oxidizing  substance  are  abstracted  from  the 
red  corpuscles,  when  any  substance  having  greater  affinity  for 
its  oxygen  than  the  hcematin  appears  in  the  blood-stream;  (9) 
tliat  it  is  the  albuminous  oxidizing  substance  {oxyhemoglobin) 
itself  which  is  absorbed  by  the  tissue-cells. 

To  sustain  adequately  these  conclusions,  however,  it  is  nec- 
essary to  show  that  the  oxidizing  substance  is  present  in  all 
parts  of  the  organism  and  that  its  chemical  properties  coincide 
wherever  found  with  those  of  the  adrenal  secretion. 


™  Moore:  Jour,  of  Physiol.,  vol.  xvii,  p.  xiv,  1894-95. 
"  Cybulski:    Lor.,  cit. 
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THE  ADRENAL  SECRETION  AS  THE  CONSTITUENT  OF 
HEMOGLOBIN    WHICH,  \VHEN  OXIDIZED, 
PRODUCES  BRONZING. 

As  the  albuminous  constituent  of  haemoglobin,  the  secre- 
tion of  the  adrenals  must  necessarily  invade  all  tissues.  We 
have  additional  evidence  to  this  effect  in  the  pathology  of  Ad- 
dison's disease,  and  particularly  in  that  of  its  characteristic 
symptom,  bronzing,  which,  as  is  well  known,  may  invade  the  en- 
tire surface  of  the  body  and  all  exposed  mucous  membranes. 
We  are  again,  however,  brought  face  to  face  with  an  unknown 
factor  in  this  connection,  viz.,  the  true  identity  of  the  bronze 
pigment  and  its  origin.  Indeed,  Hammarsten**  says  that  "so 
little  is  known  about  the  structural  products  of  melanins  or 
melanoids  that  it  is  impossible  to  give  the  origin  of  these 
bodies."  In  a  special  study  of  these  pigments,  Walter  Jones"® 
also  states  that  "they  have  been  the  subject  of  a  number  of  re- 
searches of  chemical  nature,  yet  for  some  reason  these  re- 
searches have  been  so  fruitless  that  at  the  present  time  we  are 
not  in  a  position  even  to  define  a  melanin  in  a  chemical  sense; 
in  fact,  we  are  not  all  agreed  as  to  what  chemical  elements  are 
necessary  constituents  of  the  melanin  molecules." 

Alezais  and  Arnaud,^""  Marino-Zucco,^"^  and  Boinet,^"^ 
found  dark  pigment  in  various  organs  after  injuring  or  removing 
the  adrenals.  In  Boinet's  experiments  this  pigment  proved  to  be 
identical  with  "bronze"  pigment  obtained  from  the  skin,  mu- 
cous membranes  and  other  structures  derived  from  two  fatal 
eases  of  Addison's  disease.  As  I  pointed  out  in  the  first  vol- 
ume, bronzing  occurs  in  this  affection  only  when  the  lesion  of 
the  adrenals  is  far  advanced,  each  of  these  organs  (an  indication 
of  their  important  physiological  function)  being  supplied,  as 
shown  by  Langlois,  Gourfein  and  others,  with  ten  or  eleven 
times  the  quantity  of  medulla  required  to  sustain  life.  Lesions 
may  thus  be  found  post-mortem  in  the  adrenals  and  no  bronzing 
occur  during  life,  merely  because  the  local  changes  are  not  suffi- 
ciently advanced,  while,  conversely,  a  lesion  of  the  nervous  or 

Hammarsten :   Loe.  rit.,  p.  592. 
""Walter  Jones:    Amer.  Jour,  of  Physiol.,  vol.  li,  p.  380,  1899. 

Brown-Sequard:    C.  r.  de  la  Soc.  de  biol.,  1892. 
'"1  Marino-Zucco:    Arch.  Ital.   de  Biol.,  vol.  i,  1888;  and  Riforma  Medica, 
vol  i,  p.  759,  1892. 

•o^Boinet:    Marseille  med.,  Apr.  15,  1896. 
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vascular  supply  of  the  adrenals  may  so  inhibit  their  functions, 
without  entailing  discernible  local  changes,  as  to  cause  marked 
bronzing.  Under  these  conditions,  any  advanced  lesion  of  the 
adrenals  should  give  rise  to  bronzing  irrespective  of  Addison's 
disease.  Several  such  instances  have  been  reported  by  E.  Ser- 
gent  and  Leon  Bernard"^  and  others,  besides  those  referred  to 
in  the  first  volume  of  this  work. 

In  the  first  volume,  I  also  stated  (page  93)  that  bronzing 
was  attended  with  "hgemoglobin  disintegration."  The  pigment 
found  by  Boinet  in  his  decapsulated  rats,  and  corresponding  to 
the  "bronzing"  pigment,  presented  microscopically  all  the  char- 
acters of  hamatoidin,  a  substance  also  found  in  old  blood  ex- 
travasations and  in  apoplectic  clots,  and  which,  as  stated  by 
Gamgee,  is  "certainly  derived  from  Immoglohin."  Melanin 
"may  be  uniformly  regarded,"  according  to  Charles,^"'*  "as  a 
derivative  of  the  blood  pigment."  In  a  recent  work,  E.  C. 
Hill^°°  also  states  that  "it  is  derived  from  the  blood  pigment." 

Chittenden  and  Albro,^"®  however,  state  that  the  presence 
of  sulphur  "in  very  appreciable  amounts  constitutes  one  of  the 
reasons  for  the  belief  that  these  substances  have  their  origin 
in  some  proteid  antecedent,  while  the  absence  of  iron,  in  most 
cases,  excludes  the  view  that  they  originate  from  the  blood  pig- 
ment." That  such  is  not  the  case,  however,  may  be  shown  by 
the  evidence  these  investigators  adduce  to  support  their  con- 
clusion. Hemoglobin,  we  have  seen,  may  be  split  into  hsematin, 
which  contains  all  the  iron,  and  the  albuminous  body,  i.e.,  the 
oxidizing  substance.  Since,  as  shown,  all  the  iron  remains  in 
the  corpuscles,  it  is  self-evident  that  melanin  may  not  contain 
iron  and  still  form  part  of  the  hiaemoglobin  molecule.  As 
stated  by  Chittenden  and  Albro,  melanin  contains  sulphur. 
This  necessarily  refers  it  to  the  albuminous  constituent  of  hae- 
moglobin also,  since  Gamgee  states  that  "the  sulphur  belongs 
to  the  albuminous  part  of  the  molecule."  Again,  the  presence 
of  this  element  indicates  that  "haemoglobin  belongs  to  the  pro- 
teid compounds"  (Halliburton^"^),  and  inasmuch  as  it  is  the 
albuminous  body  which  contains  the  sulphur,  it  is  this  body 

103  gprggjjt  aj,^  Bernard:    Arch.  gen.  de  med.,  p.  27,  July,  1899. 
"♦Charles:    "Elements  ot  Physiol,  and  Path.  Chemistry,"  p.  284,  1884. 
106  Hill:    "T.  B.  of  Chemistry,"  p.  374,  190.3. 

loo  Chittenden  and  Albro:    Amer.  Jour,  of  Physiol.,  vol.  ii,  p.  291,  1899. 
"'Halliburton:    Schafer's  "T.  B.  of  Physiol.,"  vol.  i,  p.  27,  1898. 
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which  is  of  proteid  nature.  It  is  evident,  therefore,  that  Chit- 
tenden and  Albro's  conclusion  that  melanin  does  not  originate 
from  blood-pigment,  cannot  hold. 

Melanin  remaining,  therefore,  a  constituent  of  hjEmoglobin, 
i.e.,  the  albuminous  constituent  I  have  identified  as  the  oxidiz- 
ing substance,  there  is  good  ground  for  the  belief  that  it  con- 
tains adrenal  secretion.  This  postulate  acquires  additional 
strength  in  view  of  the  cardinal  role  I  have  ascribed  to  this  se- 
cretion in  tissue  metabolism,  and  the  fact  that  the  skin-fluids — 
of  batrachians  at  least — show  by  their  positive  reaction  to  the 
guaiac  test  that  the  oxidizing  substance  is  present  in  them. 

Points  of  analogy  between  haemoglobin  and  melanin  on  the 
one  hand,  and  the  oxidizing  substance  considered  as  active 
through  its  adrenal  secretion,  on  the  other,  are  discernible  in 
various  directions.  Much  of  the  chemical  work  done  on  the 
melanins,  however,  is  misleading  in  that  possible  sources  of 
error  were  not  taken  into  account.  "If  we  consider  for  a  mo- 
ment the  methods  which  have  been  employed  for  the  isolation  and 
purification  of  the  pigment,"  says  Walter  Jones,  "and  at  the 
same  time  grant  that  these  substances  may  be  very  sensitive  to 
the  action  of  chemical  reagents,  and  that  it  is  also  within  the 
bounds  of  possibility  that  the  composition  of  the  pigment,  like 
that  of  haemoglobin,  is  different  for  different  animal  species,  we 
will  then  be  in  a  position  to  appreciate  just  such  a  discordance 
of  analytical  results  as  that  which  actually  exists."  This  re- 
mark applies  forcibly  to  the  question  in  point,  for  if  melanin 
should  prove  to  be  the  catalytic  body  it  now  appears  to  be,  the 
promiscuous  use  of  reducing  and  oxidizing  agents  cannot  but 
have  introduced  contradictory  results  at  every  turn. 

The  marked  sensitiveness  to  the  action  of  reagents  to  which 
Walter  Jones  alludes  is  confirmed  by  Abel  and  Davis,^"^  who 
found  that  the  composition  of  melanins  isolated  by  them  was 
"easily  subject  to  change  by  subsequent  treatment  of  the  ma- 
terial with  alkalies."  This  same  sensitiveness  attends  the  al- 
buminous constituent  of  haemoglobin;  thus  Gamgee  refers  to 
it  as  being  "characterized  by  remarkable  instability."  Strong 
alkalies  that  cause  the  haemoglobin  molecule  to  break  down  also 
annul  the  activity  of  adrenal  extractives:    "The  use  of  alka- 


Abel  and  Davis:    Jour,  of  Exper.  Med.,  vol.  i,  p.  381,  1896. 
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lies/'  write  Moore  and  Purinton/"*  "should  be  avoided  in  any 
method  devised  for  the  isolation  of  the  active  substance,  since 
the  activity  is  thereby  rapidly  destroyed."  As  Moore^^**  has 
previously  stated  that  alkalies  supplemented  by  heat  also  caused 
oxidation  of  the  reducing  agent  in  adrenal  extract,  melanin 
should  likewise  actively  take  up  oxygen  'through  alkalies,  if  the 
kinship  really  exists:  Jones  refers  to  several  experiments  in 
which  ammonium  permanganate  was  used  as  oxidizing  agent, 
at  temperatures  between  0°  and  5°  C.  "Even  under  these  con- 
ditions," says  this  chemist,  "the  pennanganate  is  almost  imme- 
diately decolorized,  showing  that  in  alkaline  solution  the  pigment 
is  oxidized  with  the  greatest  ease." 

This  not  only  clearly  connects  melanin  with  the  adrenal 
secretion,  but  it  does  so  with  the  adrenal  secretion  as  a  constitu- 
ent of  the  albuminous  body.  Indeed,  we  have  seen  that  the  sul- 
phur in  hasmoglobin  belongs  to  the  latter  only,  and  that,  as 
shown  by  Sieber^^^  and  Hirschfeld,^^^  melanin  also  contains 
sulphur. 

Still,  if  melanin  contains  the  adrenal  secretion,  the  latter 
should  also  contain  sulphur.  The  active  principle  of  the 
adrenals  contains  no  sulphur,  the  formula  of  adrenalin  being 
C9H13NO3,  The  secretion,  however,  which  embodies  the  active 
principle,  contains  this  element.  Manasse"*  found  it  in  the 
glandular  substance.  Metzger"*  also  obtained  it  from  adrenal 
precipitates.  Gurber^^'*  found  that  adrenal  substance  gave  off 
sulphur  in  the  form  of  sulphuretted  hydrogen  when  heated  to 
140°  C.  Sulphuretted  hydrogen  was  also  obtained  by  Schmiede- 
berg,^'^®  from  melanin. 

Additional  evidence  is  afforded  by  the  fact  that  melanin 
is  precipitated  from  its  solutions  by  agents  which  act  similarly 
on  adrenal  extracts.  Just  as  Vulpian,  fifty  years  ago,  found  the 
expressed  juice  of  adrenals  insoluble  in  alcohol,  ether  and  ben- 
zene, to  which  list  others  have  added  chloroform,  so  does  Ar- 
thur Jones  refer,  in  his  recently  published  paper,  to  an  acid 

""Moore  and  Purinton:   Amer.  Jour,  of  Physiol.,  vol.  iii,  p.  xv,  1900. 

1"  Moore:    Jour,  of  Physiol.,  vol.  xvii,  p.  xiv,  1894-95. 

"»  Sieber:    Archiv  f.  exp.  Path.  u.  Pharm.,  Bd.  xx,  S.  363,  1886. 

"2  Hirschfeld:    Zeit.  f.  physiol.  Chemie,  Bd.  xiii,  S.  418,  1889. 

^"Manasse:    Zeit.  f.  physiol.  Chemie,  Bd.  xx,  S.  478,  1895. 

Metzger:    Inaug.  Dissert.,  Giessen,  1897. 
i^^Gurber:    Sitz.  d.  physik.  med.   Gesellsch.,  Wurzburg,  Bd.   xxix-xxx,  S. 
139,  1897. 

Schmiedeberg:   Arch.  f.  exp.  Path.  u.  Pharm.,  Bd.  xxxix,  S.  2,  1897. 
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preparation  (adrenalin  is  not  destroyed  in  acid  solutions)  of 
melanin  obtained  by  him,  as  being  "insoluble  in  alcohol,  ether, 
benzene,  acetic  ether  and  chloroform." 

Again,  several  chemists  have  assimilated  the  ehromogen 
of  the  adrenals  to  pyrocatechin,  a  substance  found  in  mucin, 
the  urine,  etc.,  and  which,  precisely  as  Vulpian  observed  in  the 
case  of  adrenal  juices,  gives  an  emerald  green  color  with  fer- 
ric chloride  and  other  characteristic  tests.  Krukenburg^^^ 
suggested  that  the  chromogenic  substance  contained  pyrocate- 
chin. Brunner"*  found  that  an  alcoholic  extract  of  adrenals 
gave  practically  all  the  reactions  of  this  body.  Miihlmann"" 
likewise  concluded  that  pyrocatechin  was  present  in  the 
adrenals,  and  observed  that  just  as  pyrocatechin  became  brown 
when  exposed  to  light  or  to  the  action  of  alkalies,  so  did  adrenal 
extractives.  He  held,  therefore,  that,  inasmuch  as  the  latter 
were  powerful  reducing  agents,  the  adrenal  secretion  on  enter- 
ing the  arterial  blood  became  oxidized  and  turned  brown.  This, 
he  thought,  accounted  for  the  bronzing  of  Addison's  disease. 
That  this  view  is  erroneous  is  obvious;  for  our  arterial  blood 
would,  in  that  case,  be  oxidizing  constantly  the  adrenal  secre- 
tion irrespective  of  the  presence  of  Addison's  disease.  Again, 
since  this  disease  is  associated  with  a  destructive  lesion  of  the 
adrenals,  it  would  tend  to  prevent  bronzing,  rather  than 
cause  it. 

Yet,  Miihlmann's  conception,  as  interpreted  from  my 
standpoint,  embodies  the  main  feature  of  the  process  of  bronz- 
ing, i.e.,  that  it  is  a  product  of  the  adrenals  which,  on  becoming 
oxidized,  turns  brown  in  Addison's  disease.  What  is  the  nature 
of  this  process  ? 

We  have  not  far  to  seek.  Since  bronzing  occurs  only  in 
the  advanced  stage  of  Addison's  disease,  and  the  pigment  of 
bronzing  appears  in  the  blood  after  removal  of  both  adrenals, 
it  is  evident  that  we  are  dealing  with  a  general  lowering  of  the 
blood-pressure  such  as  that  which  occurs,  as  shown  by  Strehl 
and  Weiss,  when  the  adrenal  veins  (through  which  the  secre- 
tion reaches  the  general  circulation)  are  clamped.  This  means 
relaxation  of  all  the  vessels,  a  torpid  circulation  and  passive 

1"  Krukenburg:    Archiv  f.  path.  Anat.  u.  Physiol.,  Bd.  ci,  H.  3,  S.  542,  1885. 
iisBrunner:    Schweizer  Wochen.  f.  Pharm.,  Bd.  xxx,  S.  121,  1892. 
ii»  Muhlmann:   Deutsche  med.  Wochen.,  Nu.  26,  S.  409,  1896. 


840  THE  ADRENAL  SECRETION  IN  RESPIRATION. 

infiltration  into  the  cutaneous  elements  of  blood-plasma  con- 
taining oxidizing  substance.  All  functional  processes  being 
torpid,  absorption  of  the  exudates  is  delayed  and  may  even  be 
arrested  in  tissues  supplied  by  the  diminutive  capillaries  of  the 
surface,  where  the  circulation  is  at  best  sluggish.  It  is  here 
that  the  pigment  accumulates,  i.e.,  in  the  epidermal  layers, 
where  it  may  become  oxidized  by  what  oxygen  the  fluids  in 
which  it  bathes  may  contain  or  oxygen  derived  from  the  air. 
The  presence  of  sulphur,  iron  and  other  elements  in  the  sur- 
rounding tissues  may  so  influence  the  process  as  to  give  rise  to 
various  hues — those  witnessed  in  various  cutaneous  disorders. 
A  similar  process  may  occur  in  any  organ. 

We  have  seen  in  the  third  section  that  exposure  of  oxidase 
to  the  air  was  followed  by  a  similar  process  and  that  juices  de- 
rived from  the  skin  of  batrachians  first  became  brown,  then 
black.  Osler^'"  states  that  in  Addison's  disease  "the  colora- 
tion ranges  from  a  light  yellow  to  a  deep  brown  or  even  black." 
Harlow  Brooks's^-^  ease  of  extreme  anaemia  attended  with  dis- 
ease of  both  adrenals,  in  which  there  was  a  "dark  brown,  glossy 
pigmentation"  of  the  skin  also  recalls  the  process  of  lacquer 
formation  with  the  oxidizing  substance  of  the  latex  tree,  i.e., 
laccase,  as  described  by  Bertrand.  In  both  these  two  extremes 
of  organic  life — man  and  plant — the  reducto-oxidizing  body 
had  ceased  to  circulate  in  its  normal  channels,  and,  becoming 
oxidized,  was  converted  into  the  substance  which  in  man  pro- 
duces "bronzing." 

On  the  whole,  the  following  conclusions  seem  warranted: 
(1)  tJiat  bronzing  is  due  to  an  accumulation  of  melanin  in  the 
epidermal  layers  of  the  skin;  (2)  that  melanin  is  a  compound 
formed  when  oxidizing  substance,  i.e.,  the  albuminous  portion 
of  hcemoglobin,  has  become  vicariously  oxidized  in  any  organ 
(hcematoidin)  or  in  the  skin;  (3)  that  the  constituent  of  oxidiz^ 
ing  substance  which  becomes  oxidized,  when  melanin  is  formed, 
is  the  adrenal  secretion;  (4)  that  whereas  melanin  is  formed  in 
any  part  of  the  body,  the  adrenal  secretion  circulates  in  all  parts 
of  the  body. 


Osier:    "Practice  of  Med.,"  p.  831,  1898. 
Harlow  Brooks:    Med.  Rec,  Feb.  22,  1902. 
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THE  ACTIVE  PRINCIPLE  OF  THE  ADRENAL  SECRETION  AS 
THE  ACTIVE  AGENT  OF  THE  OXIDIZING  SUBSTANCE. 

To  render  all  the  evidence  submitted  so  far  conclusive,  the 
actual  presence  of  the  active  principle  of  the  adrenals  in  the 
oxidizing  substance,  i.e.,  the  albuminous  portion  of  ha9moglobin, 
should  be  demonstrated. 

The  minuteness  of  the  dose  of  adrenal  that  will  provoke 
marked  effects  suggests  that  it  is  as  an  active  principle  that  it 
must  carry  on  its  important  function.  "In  order  to  produce 
a  maximal  effect,"  says  Schafer,'--  "a  dose  of  not  more  than 
fourteen-millionth  of  a  gramme  of  the  active  material  per  kilo 
of  body-weight  is  all  that  is  necessary.  Now  it  is  certainly  true 
to  say  that  one-fourteenth  of  this  dose  will  produce  some  effect, 
although  not,  perhaps,  a  very  large  one.  We  thus  arrive  at 
the  astounding  conclusion,  that  the  active  principle  of  the  su- 
prarenal capsules,  administered  in  the  proportion  of  not  more 
than  one-millionth  part  of  a  gramme  per  kilo  of  body-weight, 
which  would  be  equivalent  to  V13000  gramme  (less  than  ^/^^^  of 
a  grain)  for  an  adult  man,  is  still  sufficient  to  produce  distinct 
physiological  results  upon  the  heart  and  arteries."  The  ac- 
tivity of  minute  doses  has  been  emphasized  also  by  the  experi- 
ments of  Moore  and  Purinton^"*  and  Reid  Hunt.^^* 

Even  these  diminutive  doses  perceptibly  influence  tissue- 
metabolism.  Oliver  and  Schafer^^^  refer  to  a  slight,  transitory 
''disturbance  of  the  body  temperature."  When  the  doses  are 
lethal  the  latter  falls,  but  after  large  doses  there  is  a  distinct 
rise.  Eeichert^-"  observed  an  elevation  of  1°  F.  in  rabbits,  ac- 
companied by  increased  metabolism.  Lepine^-''  states  that  the 
increase  of  blood-pressure  is  always  followed  by  a  rise  of  tem- 
perature. Morel,^^^  in  four  guinea-pigs  noted  a  rise  of  from 
V2°  to  1°  C.  (0.9°  to  1.8°  F.).  This  is  controlled  by  the  well- 
known  phenomena  that  follow  removal  of  both  adrenals.  Low- 
ering of  the  temperature  was  first  noted  by  Brown-Sequard, 
and  since  by  practically  all  experimenters.    Vassale  and  Zan- 

"2  Schafer:    "T.  B.  of  Physiol.,"  vol.  i,  p.  957,  1S98. 

Moore  and  Purinton:    Amer.  Jour  of  Physiol.,  vol.  iii,  p.  xv,  1900. 

Reid  Hunt:    Ibid.,  vol.  v,  p.  vil,  1901. 
12S  Oliver  and  Schafer:    Jour,  of  Physiol.,  vol.  xviii,  p.  230,  1895. 

Reichert:    Univ.  of  Penna.  Med.  Bull.,  Apr.,  1901. 
"■'Lepine:    Semaine  med.,  Feb.  18,  1903. 

Morel:    Le  progres  med.,  Aug.  3,  1903. 
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frognini^'"  observed  it  even  during  the  prolonged  post-operative 
life  insured  by  leaving  a  portion  of  the  medullary  substance  in- 
tact and  in  situ.  Finally,  as  is  well  known,  hypothermia  is  a 
marked  symptom  of  Addison's  disease. 

If  the  oxidizing  substance,  whether  linked  with  the  color- 
ing matter  as  in  higher  animals,  or  not,  as  in  the  colorless  blood 
of  invertebrates,  actually  contains  the  active  principle  of  the 
adrenals,  this  principle  should  be  found  in  the  blood-plasma. 
Its  presence  therein  was  shown  by  F.  Battelli.^*"  As  observed 
by  Oliver  and  Schaf  er,  Langlois  and  others,  the  effects  of  adrenal 
extract  only  last  three  or  four  minutes- — a  fact  which  led  to  the 
belief  that  it  was  destroyed  in  the  blood.  Such  was  found  by 
Battelli,  however,  not  to  be  the  case :  Normal  blood  was  rapidly 
centrifugalized.  The  serum  thus  obtained  was  acidulated,  sub- 
jected to  a  temperature  of  85°  C.  (which,  as  we  have  seen,  de- 
stroys all  active  agents  except  the  oxidizing  ferment)  and  con- 
centrated by  pressure.  One  cubic  centimeter  of  this  serum 
invariably  raised  the  blood-pressure.  That  this  was  due  to 
adrenal  substance  was  shown  by  the  fact  that  the  concentrated 
serum  was  rendered  inert  by  precisely  the  conditions  that  affect 
adrenalin  similarly,  i.e.,  oxidation  by  exposure  to  the  air,  and 
variations  of  activity  on  exposure  to  sunlight,  diffuse  light  and 
darkness.  Quantitative  experiments,  moreover,  showed  that 
"normal  serum  in  the  dog  contains  adrenalin  in  the  proportion 
of  1  in  10,000,000  to  1  in  20,000,000."  This  is  exclusive,  of 
course,  of  that  contained  in  the  haemoglobin  which  had  re- 
mained in  the  corpuscles. 

We  have  seen  that  the  minuteness  of  the  dose  of  adrenal 
extract  that  will  produce  distinct  physiological  effects  is  refer- 
red to  by  Schiifer  as  "astounding,"  its  administration  "in  the 
proportion  of  not  more  than  one-millionth  part  of  a  gram  per 
kilo  of  body  weight"  to  an  adult  man  being  "sufficient  to  pro- 
duce distinct  physiological  results  upon  the  heart  and  arteries." 
In  the  more  recently  discovered  active  principles  we  have  far 
more  powerful  agents  even  than  Schafer  employed  in  his 
experiments.  Indeed,  Eeid  Hunt"^  obtained  the  following 
effects  with  Abel's  active  epinephrin  sulphate: — 


i2»  Vassale  and  Zanfrognini:    Riforma  Medica,  Oct.  31,  1902. 
MO  P.  Battelli:    C.  r.  de  la  Soc.  de  biol.,  vol.  liv,  p.  1179,  1902. 
"1  Reid  Hunt:    Amer.  Jour,  of  Physiol.,  vol.  v,  p.  vii,  1901. 
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Rise  of  blood-pressure 
0.083  millionths  of  a  gram  per  kilo  body  weight  ...  5  mm.  Hg. 
0.23  millionths  of  a  gram  per  kilo  body  weight .  .  .  7mm.Hg. 
0  49  millionths  of  a  gram  per  kilo  body  weight  ...  15  mm.  Hg. 
0.69  millionths  of  a  gram  per  kilo  body  weight  ...  20  mm.  Hg. 
17  millionths  of  a  gram  per  kilo  body  weight  .  .  24  mm.  Hg. 
5.7     millionths  of  a  gram  per  kilo  body  weight  .  .     60  mm.  Hg. 

"These  results  show,"  according  to  Hunt,  "that  epinephrin 
sulphate  is  many  times  more  powerful  than  the  aqueous  extracts 
of  the  medulla  of  the  suprarenal  obtained  by  Moore  and  Purin- 
ton."  As  adrenalin  is  at  least  as  active  as  epinephrin  sulphate, 
the  proportion  of  the  former  active  principle  found  in  the 
plasma  by  Battelli  corresponds  with  its  "astounding"  activity, 
especially  when  we  consider  that  in  Hunt's  experiments,  the 
quantities  mentioned  were  added  to  that  already  present  in  the 
blood  of  the  animals  used. 

The  fact  that  such  minute  quantities  prove  active  is,  from 
my  standpoint,  of  great  practical  importance,  since,  as  shown  in 
the  first  volume,  and  as  will  be  further  emphasized,  many  of  the 
effects  of  drugs,  poisons,  and  toxins  are  in  reality  due  to  the  fact 
that  they  indirectly  stimulate  the  adrenals,  and  by  thus  causing 
these  organs  to  increase  the  proportion  of  their  secretion  in  the 
blood,  correspondingly  raise  the  blood-pressure,  hasten  metabol- 
ism, etc. 

That  the  blood-plasma  contains  the  adrenal  active  prin- 
ciple is  shown  by  considerable  experimental  evidence. 

In  the  first  place,  it  is  evident  that  as  previously  shown, 
the  adrenal  secretion  as  the  constituent  of  the  oxidizing  sub- 
stance circulates  in  all  parts  of  the  body.  This  is  demon- 
strated by  the  additional  fact  that  it  is  found  in  shed  blood 
in  combination  with  other  constituents  of  the  plasma,  i.e.,  in 
fibrin. 

Gamgee,  as  we  have  seen,  found  that  very  little  was  known 
as  to  the  true  nature  of  the  albuminous  constituent  of  haemo- 
globin, that  to  which  I  traced  the  adrenal  secretion.  He  states, 
however,  that  "the  most  interesting  observations  on  the  al- 
huminous  products  of  the  decomposition  of  oxyhsemoglobin" 
were  published  nearly  forty  years  ago  by  Kiihne,^^^  who  showed 
that  "when  COj  is  passed  through  solutions  of  pure  oxyhsemo- 


iszKuline:    "Lehrbuch,"  S.  206,  207,  1868. 
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globin  a  flocculent  precipitate  is  thrown  down  which  does  not 
possess,  as  had  been  erroneously  asserted  by  A.  Schmidt,  fibrino- 
plastic  properties." 

In  the  light  of  recent  experimental  work,  however,  Kiihne's 
observation  is  subject  to  a  dilferent  interpretation.  M.  Ar- 
thus"^  refers  to  the  blood  coagulation  as  follows:  "We  know 
that  the  conversion  of  tibrinogen  into  fibrin,  the  fundamental 
phenomenon  of  coagulation  in  the  blood,  is  caused  by  the  ac- 
tion of  a  diastatic  agent,  fibrin  ferment,  thrombine,  or  plas- 
mase,  produced  by  the  leucocytes  in  the  blood  withdrawn  from 
the  vessels."  In  the  first  volume  I  advanced  the  view  that  the 
body  which  converted  fibrinogen  into  fibrin  extra  corpore  was 
in  reality  the  oxidizing  substance  and  that  leucocytes  absorbed 
some  of  the  latter  to  carry  on  their  own  functions.  Now  Abelous 
and  Biarnes^^*  found  that  "dilution  and  a  current  of  carbon 
dioxide  precipitate  the  oxidizing  substance"*  from  saline  solu- 
tions of  fibrin.  This  conclusion  was  based  on  the  fact  that  when 
a  filtered  and  very  active  solution  of  fibrin  containing  ten  per 
cent,  of  sodium  chloride  is  diluted  with  distilled  water  to  seven 
or  eight  times  its  volume,  a  current  of  CO2  passed  through  it 
causes  the  formation  of  a  precipitate.  "This  precipitate,"  say 
these  investigators,  "treated  directly  with  tincture  of  guaiac  be- 
comes intensely  blue.  Conversely,  the  liquid  from  which  it  was 
separated  remains  absolutely  inactive."  Now,  Kiihne,  as 
Gamgee  says,  asserted  that  the  precipitate  thrown  down  by 
passing  COg  through  solutions  of  pure  oxyhfemoglobin  did  not 
possess  fibrinoplastic  properties.  He  found  also,  according  to 
Gamgee,  that  this  precipitate  "does  not  behave  as  a  globulin" 
and  that  "it  forms  long,  colorless  fibers"  resembling  connective 
tissue.  It  seems  plain  that  his  precipitate  was  simply  fibrin. 
As  such  it  had  obviously  lost  its  fibrinoplastic  properties  and 
become  a  compound  of  fibrinogen  and  oxidizing  substance. 

All  this  shows  that  Schmidt  was  partly  right  when  he  con- 
eluded  that  the  precipitate  in  question  had  fibrin-forming  prop- 
erties. But  it  proves,  moreover:  (1)  that  since  fibrin  is  ob- 
tainable from  blood  drawn  from  any  portion  of  the  body,  the 
oxidizing  substance,  which  turns  blue  when  treated  to  guaiac, 


*  The  italics  are  Abelous  and  BiarnSs's  own. — S. 

M.  Arthus:  Jour,  de  phvsiol.  et  de  path.  2;en.,  vol.  iii,  p.  897,  1901. 
2*  Abelous  and  Blames:    Arch,  de  Physiol.,  T.  x,  p.  665,  1898. 
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also  circulates  in  all  parts  of  the  body,  and  (2)  that  since  the 
adrenal  secretion  is  a  constituent  of  the  oxidizing  substance  it 
circulates  likewise  in  all  tissues. 

In  the  second  place,  there  is  no  legitimate  ground  for 
doubt  that,  as  I  have  already  pointed  out,  it  is  the  adrenal  se- 
cretion in  the  plasma  which  carries  on  all  respiratory  processes. 

When  the  secretion  leaves  the  adrenals  to  reach  the  vena 
cava  by  way  of  the  suprarenal  veins,  some  of  it  at  least  must 
remain  in  the  plasma.  Thus  Dreyer,  whose  experiments  have 
been  referred  to,  obtained  effects  similar  to  those  evoked  by 
adrenal  extracts  with  blood  derived  from  the  suprarenal  veins 
and  which  had  been  defibrinated  and  then  filtered  through  mus- 
lin. Biedl  used  blood  which  had  been  both  defibrinated  and 
centrifugalized,  and  he  specifies  that  it  acted  as  effectually 
as  the  whole  blood — a  fact  which  led  him  to  conclude  that  the 
"active  substance"  was  "also  contained  in  the  serum."  The 
experiments  of  Battelli  referred  to  above  were  also  performed 
with  serum,  and  it  was  in  this  fluid  that  he  found  adrenalin. 
While  Biedl  used  serum  from  the  adrenal  vein,  Battelli  analyzed 
serum  from  the  general  circulation — a  fact  which  indicates 
widespread  distribution  of  the  secretion. 

That  it  is  a  constituent  of  the  plasma  which  appropriates 
the  adrenal  secretion  is  further  shown  by  the  fact  that  the  pro- 
portion of  blood-cells  in  the  circulating  blood  does  not  influence 
the  respiratory  exchanges.  Pembrey  and  Gurber"^  found  that 
these  remained  the  same  in  rabbits  deprived  by  bleeding  of  one- 
half  of  their  blood-corpuscles.  As  the  liquid  portion  of  the 
blood  is  restored  at  the  expense  of  the  lymph  circulation,  the 
proportion  of  red  corpuscles  was  reduced  one-half.  Petten- 
kofer  and  Voit""  have  also  shown  that  cases  of  simple  anaemia, 
in  which,  therefore,  the  red  corpuscles  were  greatly  reduced  in 
number,  absorbed  as  much  oxygen  and  excreted  as  much  carbon 
dioxide  as  healthy  men  upon  a  similar  diet  and  at  rest.  Sug- 
gestive in  this  connection  is  that  this  corresponds  with  Bohr 
and  Henriques's  previously  mentioned  observation  that  when  all 
the  arteries  given  ofl:  by  the  aorta  were  ligated,  the  respiratory 
exchanges  were  sometimes  increased,  and  that  it  was  only  when 


Pembrey  and  Gurber:  Jour,  of  Phvsiol..  vol.  xv,  p.  4'19,  1S94. 
Pettenkofer  and  Voit:   Zeit.  f.  Biol.,  Bd.  v.  S.  319,  1869. 
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the  inferior  vena  cava  (the  sole  pathway  for  the  adrenal  secre- 
tion) was  also  obstructed  that  they  dropped  to  a  minimum. 
This  plainly  shows  that  it  is  the  adrenal  secretion  which  sustains 
the  respiratory  process. 

Finally,  it  is  evident  that  all  this  refers  to  the  free,  i.e., 
albuminous  portion  of  the  haemoglobin,  for  we  have  already  seen 
that  when  the  guaiac  test  was  applied  to  a  solution  in  which 
the  contents  of  the  red  cells,  including  the  iron-laden  hasmatin, 
had  been  voided,  a  muddy-red  color  appeared  instead  of  the 
typical  blue. 

These  three  cardinal  facts  being  established,  the  presence 
of  the  active  principle  of  the  adrenals  in  the  blood-plasma  of 
the  entire  organism  asserts  itself,  since  the  lieat  and  solubility 
tests  correspond  with  the  color  test  (the  guaiac  blue)  at  every 
stage  of  organic  life,  i.e.,  from  plant  to  man. 

"We  know,"  write  Abelous  and  Biarnes,^'*^  "that  heat  enables 
us  to  separate  two  substances  from  sodium  chloride  and  other 
neutral  salt  solutions  of  fibrin:  one  substance  is  precipitated 
between  56°  and  58°  C.  and  another  is  only  precipitated  above 
70°."  The  nature  of  the  first  precipitate  is  well  shown  in  the 
following  sentence  of  Schafer's,^**  concerning  blood-coagula- 
tion: "A  temperature  of  56°  C.  prevents  coagulation  by  pre- 
cipitating the  fibrinogen  upon  which  the  coagulation  depends." 
Abelous  and  Biarnes  refer  to  this  body  as  "remaining  inactive 
with  guaiac,"  while  the  "fluid  from  which  the  precipitate  had 
been  separated  markedly  oxidized  guaiaconic  acid,"  i.e.,  gave 
the  blue  reaction.  "This  experiment  shows,"  add  the  authors, 
"that  in  saline  macerations  of  fibrin,  the  oxidizing  agent  was 
not  the  globulin  precipitating  at  58°,  but  the  globulin  pre- 
cipitating above  70°."  What  they  mean  by  the  latter  is  ex- 
plained in  the  same  paper  by  the  statement  that  "the  tempera- 
ture of  100°  C.  causes  organs  [lungs,  spleen,  etc.,  and  the  fibrin] 
to  lose  the  property  of  coloring  blue  the  tincture  of  guaiac, 
while  a  temperature  of  50°  to  60°  does  not  abolish  this  oxidiz- 
ing property." 

Now,  wherever  the  oxidizing  ferment  has  been  referred  to 
in  its  relations  to  temperature  so  far,  we  have  seen  that  the 


Abelous  and  Biarnds:   Loc.  cit.,  p.  667. 
Schafer:    "T.  B.  of  Physiol.,"  vol.  i,  p.  146,  1898. 
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boiling  point  (100°  C.)  at  least  had  to  be  reached  before  its  ac- 
tivity was  destroyed.  This  was  found  to  be  the  case  with  the 
oxidizing  substance  of  batrachians  by  Phisalix;  of  moUnsks  by 
Fieri  and  Portier;  of  crustaceans  by  Abelous  and  Biarnes,  and 
of  plants  by  Bertrand.  The  last  named  chemist,  for  instance, 
states  that  the  plant  ferment  laccase  "provokes  direct  oxidation 
of  the  bodies  upon  which  it  acts,"  but  he  also  says  that  "with  a 
boiled  solution  of  laccase,  or  in  the  absence  of  oxygen  [thus 
affirming  its  identity  as  a  catalytic]  it  produces  no  coloration." 
We  must  not,  however,  lose  sight  of  the  fact  that  laccase  is  an 
active  principU,  and  that  it  is  this  principle  alone  which  can 
withstand  temperatures  at  least  up  to  the  boiling  point.  The 
same  principle  doubtless  exists  in  the  mollusks  studied  by  Pieri 
and  Portier,  since  "50°  and  60°C."  and  then  90°  were  applied 
in  turn  to  the  fluids  tested,  and  their  oxidizing  activity  only 
ceased  when  they  had  been  boiled  some  minutes. 

A  similar  resistance  to  the  action  of  heat  is  shown  by 
adrenal  extract.  Indeed,  it  was  believed  at  first  that  even  boil- 
ing could  not  destroy  its  physiological  activity,  but  Moore"'' 
showed  that  it  ceased  to  act  when  the  boiling  was  continued  for 
three  or  four  hours.  Even  the  adrenals  per  se,  as  observed  by 
Cybulski,  will  no  longer,  after  having  been  boiled,  yield  an  ac- 
tive extract. 

That  the  active  principle  of  the  blood's  oxidase  and  that  of 
the  adrenals  are  identical  is  further  demonstrated  by  the  fact 
that  their  solubilities  likewise  correspond. 

While  Gamgee^*"  states  that  hfemoglobin,  which,  as  well  as 
oxyhsemoglobin,  exists  "in  colored  blood-corpuscles  in  the  form 
of  loose  or  unstable  combinations  with  some  other  constituent," 
is  insoluble  in  absolute  alcohol,  chloroform,  benzol,  ether  and 
other  organic  solvents,  Vulpian"^  found  that  the  expressed 
juice  of  the  adrenals  was  also  insoluble  in  organic  solvents,  al- 
cohol, ether,  benzene,  etc.,  and  that  this  applied  to  the  extracts 
of  no  other  gland.  Gautier^*^  also  refers  to  the  extract  as  be- 
ing insoluble  in  alcohol,  ether  and  chloroform.  Gamgee  in- 
cludes carbon  disulphide  among  these  agents.    Moore  states 


Moore:   Jour,  of  Physiol.,  vol.  xvii,  p.  xlv,  1894-95. 
Gamgee:    Loc.  cit.,  p.  206. 

Vulpian:  C.  r.  de  I'Acad.  de  sci.  de  Paris,  Sept.  29,  1856. 
Gautier:    "Chimie  biologique,"  p.  355,  1892. 
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that  the  active  principle  of  the  adrenals  is  insoluble  in  ether, 
chloroform,  amyl  alcohol  and  carbon  disulphide. 

The  constituent  of  haemoglobin  which  can  thus  be  precipi- 
tated from  its  solutions  is  evidently  contained  in  its  albu- 
minous portion  (94  per  cent,  of  hgemoglobin,  the  remaining  6 
per  cent,  being  h^matin) ,  since  it  is  also  precipitated  by  alcohol 
as  is  laccase  from  its  solutions,  as  stated  by  Bertrand,  and  from 
the  extract  of  gills  and  palps  of  moUusks,  which  contain  no 
coloring  matter,  as  observed  by  Fieri  and  Portier.  Alcohol 
precipitated  the  active  substance  from  fibrin  extract — free  from 
hgematin,  of  course — in  solution,  as  stated  by  Abelous  and 
Biarnes.  Now,  adrenalin,  which,  as  pointed  out  by  Battelli, 
is  widespread  throughout  the  plasma,  is  precipitated  by  the 
same  reagents.  Takamine,  its  discoverer,  found  that  it  was  in- 
soluble in  alcohol,  ether  and  chloroform. 

Conversely,  adrenal  extracts  were  found  very  soluble  in 
water,  by  Vulpian,  and  the  hyaline  droplets  or  granules  of  se- 
cretion derived  from  the  adrenals  likewise  by  Manasse.^*^ 
Bertrand  found  the  laccase  of  plants  very  soluble  in  water;  the 
same  property  belonged  to  the  oxidizing  bodies  in  the  crusta- 
ceans studied  by  Abelous  and  Biarnes.  Finally,  adrenalin, 
though  very  slightly  soluble  in  cold  water,  is  soluble  in  warm 
water,  and  readily  so  at  the  temperature  of  the  blood-stream. 

The  correspondence  between  the  chemical  properties  of  ad- 
renal extracts,  adrenalin  and  other  adrenal  extractives  with  those 
of  the  active  principles  of  the  oxidizing  substance  or  oxidases 
wherever  found  thus  shows  that  a  ferment  of  ivhich  the  active 
principle  of  the  adrenal  secretion  is  a  type  is  the  active  agent  in 
the  oxygenation  processes  of  all  plants  and  animals. 

Concluding  Eemarks. — Pembrey,"*  in  the  recently  pub- 
lished work  already  referred  to,  clearly  defines  the  two  antagon- 
istic views  as  to  the  nature  of  the  respiratory  process  as  follows : 
(1)  "The  gaseous  exchange  between  the  blood  and  the  alveolar 
air  is  due  to  the  relative  partial  pressure  of  the  gases  in  the 
blood  and  alveolar  air,  and  can  be  explained  according  to  physi- 
cal and  chemical  laws;"  (2)  "the  gaseous  exchange  takes  place 

Manasse:    Loc.  cit. 
"*Pembrey:    Loc.  cit.,  p.  513. 
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in  opposition  to  the  known  physical  and  chemical  laws,  is  of 
a  special  nature,  a  vital  process  akin  to  the  secretion  and  ex- 
cretion of  glands."  As  interpreted  from  the  evidence  and 
conclusions  submitted  in  the  present  work,  the  second  view  as- 
sumes another  aspect : — we  are  not  dealing  with  processes  which 
in  any  way  stand  in  opposition  to  known  physical  and  chemical 
laws,  but  with  processes  in  which  the  relative  j)artial  pressure 
of  gases  does  not  enter  at  all. 

According  to  this  interpretation,  it  is  because  the  diffusion 
doctrine  is  a  misapplication  of  the  physical  and  chemical  laws 
referred  to  that  its  sponsors  even  at  this  late  date  (1906)  fail 
to  agree.  "So  great  is  the  want  of  agreement  and  irregularity 
of  the  results  obtained  by  different  observers  with  various  forms 
of  tonometer,"  writes  Pembrey,  an  able  and  impartial  reviewer, 
"that  the  suspicion  arises  that  there  are  sources  of  fallacy  in 
the  methods."  The  chief  of  these,  as  I  have  pointed  out,  is 
reduction  of  the  oxygen  of  the  blood  during  its  passage  into  and 
through  the  instrument.  Indeed,  when  Bohr  devised  one 
"through  which,"  says  Pembrey,  "a  constant  and  rapid  stream 
could  be  maintained,"  the  results  were  such  as  to  show  that 
"the  absorption  of  oxygen  in  these  cases  could  not  be  explained 
by  diffusion."  Haldane  and  Lorrain  Smith  not  only  confirmed 
these  results,  but  in  their  experiments,  "the  pressure  of  the  gas 
in  the  arterial  blood  [was]  higher  in  every  case."  * 

In  the  first  volume,  I  pointed  out  that  it  was  the  secretion 
of  the  adrenals  which  took  up  the  oxygen  of  the  air  to  carry 
it  to  the  tissues.  We  have  seen  in  the  present  chapter  that  this 
conclusion  was  warranted.  I  may  add  that  at  every  step  of  these 
researches  an  earnest  effort  was  made  to  find  evidence  tending 
to  weaken  this  conception  and  that  not  a  single  experimental 
fact  was  found  which  did  not  harmonize  with  it.  That  the 
diffusion  doctrine  has  totally  failed  in  this  connection  even 
among  its  defenders,  we  have  seen.  In  comparison  with  this 
doctrine  at  least,  therefore,  the  following  conclusion  stands 
proven : — 

The  physiological  function  of  the  internal  secretion  of  the 
adrenals  is  loosely  to  combine  with  the  oxygen  of  the  air  in  the 


*  The  italics  are  my  own.— S. 
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pulmonary  alveoli  and  to  endow  the  blood  with  its  oxygenizing 
properties. 

Adrenoxidase. — As  the  term  "oxyhaemoglobin"  includes 
the  hsematin  of  the  hsemoglobin  molecule  as  well  as  its  albumin- 
ous constituent  (the  oxidizing  substance  or  oxygenized  adrenal 
secretion),  it  cannot  be  used  to  denote  the  latter,  which  alone 
carries  on  all  oxygenation  processes.  Nor  is  the  term  "oxidiz- 
ing substance"  applicable,  since  it  refers  to  any  agent  capable 
of  oxidizing.  Hereafter,  therefore,  I  will  'call  this  body 
"adrenoxidase,"  a  term  which  embodies  four  salient  features: 
its  origin,  the  adrenals;  its  general  distribution  as  suggested  by 
"oxidase;"  the  identity  of  its  active  principle  not  only  as  a 
ferment,  likewise  suggested  by  "oxidase,"  but  also  as  a  catalytic, 
a  property  common  to  all  oxidases. 


CHAPTER  XIV. 


THE  ADRENAL  ACTIVE  PRINCIPLE  AS  THE  FERMENT 

OP  FERMENTS. 

ADEENOXIDASE  AS  A  CONSTITUENT  OF  ENTEROKINASE 
AND  OF  TEYPSIN. 

Notwithstanding  the  considerable  work  bestowed  upon  the 
pancreatic  and  other  intestinal  ferments,  their  nature  has  re- 
mained obscure.  Moore/  for  instance,  writes:  "Practically 
nothing  is  known  of  the  enzymes  of  the  small  intestine  save 
their  action  on  foodstuffs,  none  of  them  have  been  obtained 
in  even  approximately  pure  condition,  and  the  fact  that  they 
are  enzymes  rests  on  the  observation  (1)  that  the  action  is  de- 
stroyed by  boiling  and  (2)  that  it  takes  place  under  antiseptic 
conditions."  As  the  oxidizing  ferments  alone  resist  heat 
up  to  the  boiling  point;  and  as  Sehoenbein^  found  oxidases  in 
all  secretions,  the  likelihood  that  the  adrenoxidase  plays  an  im- 
portant part  in  intestinal  digestion  is  very  great,  especially  in 
view  of  the  fact  that  all  secretions  obtain  their  fluids  from  the 
blood.  This  is  further  emphasized  by  the  facts  that  the  active 
principle  of  adrenoxidase  is  a  catalytic,-  as  we  have  seen,  and 
that  the  ferments  are  known  to  possess  this  property.  Thus, 
Moore,  after  defining  the  meaning  of  catalysis,  states  that  "fer- 
ment actions  are  such  catalytic  reactions." 

A  zymogen  or  mother-substance,  as  is  well  known,  is  itself 
inactive.  "The  enzymes  of  the  pancreatic  secretion  are  de- 
rived from  the  granules  in  the  cells,"  says  Howell,^  "but  other 
facts  show  that  the  granules  do  not  contain  the  enzymes  as 
such,  but  a  preparatory  material  or  mother  substance  to  which 
the  name  zymogen  (enzyme-maker)  has  been  given."  Stewart,* 
moreover,  states  that  the  "fresh  pancreas  is  devoid  of  trypsin," 
but  that  "it  contains  a  substance  which  can  readily  be  changed 
into  trypsin;  and  this  substance  is  soluble  in  glycerine,  for  the 

1  Moore:   Schafer's  "T.  B.  of  Physiol.,"  vol.  i,  p.  341,  1898. 

"  Schoenbein:    Jour.  f.  prakt.  Chemie,  Bd.  Ixxxix,  1863. 

s  Howell:    "Amer.  T.  B.  of  Physiol.,"  vol.  i,  second  edition,  p.  235,  1900. 

*  Stewart:    "Manual  of  Physiol.,"  fourth  edition,  p.  324,  1900. 
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inert  extract  becomes  active  when  it  is  treated  with  dilute  acetic 
acid,  or  even  when  it  is  diluted  with  water  and  kept  at  the  body 
temperature."  Of  the  manner  in  which  this  occurs,  however, 
nothing  is  known. 

Eecalling  some  of  the  properties  of  adrenal  extractives,  the 
process  involved  in  the  experiments  outlined  by  Stewart  sug- 
gests itself.  In  all  processes  attended  by  catalysis  water  is 
necessary.  Moreover,  as  shown  by  Hopjje-Seyler,^  Nencki®  and 
others,  fermentative  reactions  are  invariably  accompanied  by 
hydration;  in  other  words,  as  stated  by  Bunge,''  "these  processes 
can  only  take  place  in  the  presence  of  water."  Hence,  a  glycer- 
ine extract  of  pancreatic  mother-substance  will  not  act  unless 
water  be  added  to  it.  Now,  we  have  just  seen  that  such  an 
extract  simply  "diluted  with  water"  becomes  active.  This  ap- 
plies eqiially  well  to  the  corresponding  effect  of  the  dilute  acetic 
acid  referred  to  by  Stewart.  The  water  of  the  acetic  acid  solu- 
tion acts  in  the  same  manner,  but  as  dilute  mineral  acids  are 
even  more  active  diluents  for  the  adrenal  extractive  than  water 
alone,  the  operation  is  facilitated,  and  a  very  active  ferment  is 
obtained. 

This  entails,  however,  the  need  of  oxygen.  Sakharoff*  re- 
cently showed  that  oxygen  was  a  sine  qua  non  in  the  action  of 
ferments.  Starch-paste  containing  diastase  and  heated  to  50° 
C,  but  covered  with  a  thick  layer  of  boiled  oil,  produced  no 
sugar,  while  a  similar  preparation,  minus  oil,  i.e.,  exposed  to 
the  air,  produced  sugar.  This  portion  of  the  fermentative  pro- 
cess evidently  begins  as  soon  as  the  ferment  is  formed  in  the 
organ,  since  Barcroft  and  Starling**  state,  basing  their  conclusion 
on  exhaustive  chemical  and  gasometric  experiments,  that  "the 
pancreatic  secretion  is  accompanied  by  an  increased  oxygen  ab- 
sorption," thus  confirming  Sakharoff's  observation. 

That  a  direct  connection  between  oxygen  and  tr3rpsinogen 
in  the  formation  of  trypsin  occurs,  was,  in  fact,  shown  by  Heid- 
enhain  over  thirty  years  ago.^°    Indeed,  Edkins^^  includes 

^  Hoppe-Seyler:    Pfliiger's  Archiv,  Bd.  xii,  S.  14,  1876. 
«Nenckl:    Jour.  f.  prakt.  Chemie,  Bd.  xvii,  S.  105,  1879. 

'  Bunge:    "Physiol,  and  Path.  Chemistry,"  second  American  edition,  p.  158, 

1902. 

8  Sakharoff:   Roussky  Vratch,  Apr.  24,  1904. 

»  Barcroft  and  Starling:    Jour,  of  Physiol.,  vol.  xxxi,  No.  6,  p.  491,  1904. 
"Heidenhain:    Archiv  f.  d.  ges.  Physiol.,  Bd.  x,  S.  557,  1875. 
i^Edkins:   Schafer's  "T.  B.  of  Physiol.,"  vol.  i,  p.  552,  1898. 
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among  the  conclusions  reached  by  Heidenhain  the  following: 
"If  an  inactive  glycerine  extract  of  fresh  pancreas  be  dissolved 
in  sodium  bicarbonate,  1  to  2  per  cent,  passing  through  it  of 
oxygen  will  cause  the  same  to  become  active."  Moreover,  "the 
converse  of  the  change  brought  about  by  the  influence  of  oxy- 
gen may  also  occur,  for,  through  the  deprivation  of  oxygen,  ac- 
tivity becomes  lost." 

Closely  related  to  the  process  is  the  source  of  the  oxygen 
thus  consumed.  Barcroft  and  Starling  found  that  the  ''in- 
creased oxidation"  of  trypsinogen  "takes  place  irrespective  of 
increased  blood-flow  through  the  organ."  This  confinns  a  cor- 
responding observation  of  0.  May^^  that  "there  is  no  direct  re- 
lationship between  the  rate  of  secretion  of  pancreatic  juice  and 
the  extent  of  the  blood  supply."  It  is  evident,  therefore,  that 
inasmuch  as  the  quantity  of  blood  supplied  to  the  organ  is  not 
increased  while  the  absorption  of  oxygen  is,  the  source  of  the 
excess  of  oxygen  must  have  been  the  blood  itself.  "Excess,"  in 
this  connection,  normally  entails  the  presence  of  stored  oxygen, 
or  rather,  of  stored  adrenoxidase,  and  of  storage-cells,  the  red 
corpuscles,  both  of  which,  as  I  have  shown  in  the  foregoing 
chapter,  are  available. 

The  fact  that  the  blood-flow  through  the  organ  is  not  aug- 
mented appears  to  conflict  with  the  memorable  observation  of 
Claude  Bernard  that  increased  activity  of  the  submaxillary 
gland  is  attended  by  an  increased  flow  of  blood  through  the  or- 
gan, but  as  I  have  shown  in  the  first  volume  (page  275),  the  in- 
creased flow  is  not  at  the  expense  of  the  general  circulation,  but 
is  due  to  the  shifting  of  a  portion  of  the  blood  contained  in 
the  arterioles  of  the  organ  to  the  capillaries  of  its  secretory 
elements.  The  details  of  the  mechanism  will  be  submitted 
later.  The  result  as  to  increased  blood  in  the  organ  remains 
the  same.  Indeed,  Landois"  saj's,  referring  to  the  pancreas, 
that  "during  the  act  of  secretion  the  blood-vessels  behave  like 
those  of  the  salivary  gland  after  stimulation  of  the 
facial  nerve;  they  are  dilated,  the  venous  blood  be- 
ing bright  red."  The  direct  participation  of  oxygen  in 
the  formation  of  trypsin  is  also  referred  to  by  the  same  au- 


O.  May:   Jour,  of  Physiol.,  vol.  xxx,  p.  413,  1904. 

Landois:    "T.  B.  of  Human  Physiol.,"  tenth  edition,  p.  307,  1905. 
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thor/*  in  the  following  words:  "Trypsin  results  through  the 
taking  of  oxygen  within  the  pancreas,  from  a  mother  substance, 
zymogen,  which  collects  in  the  interior  of  the  secreting  cells." 

The  manner  in  which  the  adrenoxidase  is  brought  into 
contact  with  the  pancreatic  trypsinogen  has  been  reviewed  at 
length  in  the  first  volume.  I  may  repeat,  however,  my  eighth 
conclusion  (page  405),  that  "the  true  secreting  cells  and  those 
of  the  islands  [of  Langerhans]  being  in  continuity  and  sur- 
rounding a  common  lumen  (Opie),  both  bodies — (1)  the  zymo- 
gen, or  trypsinogen-forming  granules,  and  (2)  the  plasma  con- 
taining the  splenic  ferment  and  the  oxidizing  substance  [adren- 
oxidase]— meet  in  this  common  lumen,  which  connects  with  the 
terminal  ramifications  of  the  pancreatic  duct."  The  process  of 
trypsin  formation,  as  I  interpret  it,  thus  involves  the  secretory 
functions  of  the  spleen,  in  accord  with  the  views  of  Scliiff, 
Herzen,  Pachon  and  Gachet  and  others.  "Such  a  'charging'  of 
the  pancreas  by  the  spleen  has  been  repeatedly  suggested  by 
Schiff,"  says  Hammarsten,^^  "and  his  statements  have  not  only 
been  confirmed  by  these  recent  investigations  but  in  part  also 
explained."  The  more  recent  experiments  of  Levene  and 
Stookey^**  afl:ord  additional  evidence  in  the  same  direction. 

The  functional  relationship  between  trypsin  and  the  intes- 
tinal juices,  i.e.,  the  succus  entericus,  includes  a  kindred  process. 

An  editorial  writer"  recently  remarked,  referring  to  the 
succus  entericus,  that  in  the  case  of  trypsin,  "it  had  been  found 
that  the  presence  of  a  special  body  is  necessary  before  the  fer- 
ment is  capable  of  exercising  its  activity."  As  to  the  nature 
of  this  agent,  he  says,  "it  has  now  been  shown  that  this  trans- 
formation is  effected  by  a  peculiar  substance  which  has  been 
termed  enterokinase  and  which  apparently  belongs  to  a  special 
class  of  cellular  products  which  in  themselves  are  inactive,  but 
are  capable  of  activating  certain  ferments.  Of  the  mode  of 
action  and  the  chemical  nature  of  enterokinase,  we  know  prac- 
tically nothing,  and  its  origin  even  has  not  as  yet  been  definitely 
ascertained." 

Pawlow,^*  who  introduced  the  term  "enterokinase"  nine 

"  Landois:    Ibid.,  p.  305. 

"  Hammarsten :    "T.  B.  of  Physiol.  Cbem.,"  fourth  Amer.  edition,  p.  323,  1904. 
"Levene  and  St.ookey:    Amer.  Jour,  of  Physiol.,  vol.  xii,  p.  1,  1904. 
"  Editorial,  Medical  News,  Dec.  31,  1904. 

'sPawlow:    "The  Work  of  the  Digestive  Glands,"  Eng.  edition,  p.  159,  1902. 
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years  ago,  refers  to  it  in  the  following  terms :  "The  succus  en- 
tericus  undoubtedly  possesses  the  striking  capability  of  augment- 
ing the  activity  of  the  pancreatic  ferments,  and  more  especially 
the  proteolytic.  In  the  case  of  the  latter,  the  increase  often 
reaches  to  an  astonishing  degree.  He  who  has  once  convinced 
himself  of  this  by  experiment  will  never  doubt  for  a  moment  that 
this  accentuating  influence  is  the  most  important  f  unction  of  the 
succus  entericus."  He  also  remarks:  "The  application  of  the 
usual  tests  for  ferment  action — namely,  destruction  by  boiling, 
activity  in  very  small  quantities,  and  so  on — convinced  us 
[Schepowalnikow,  his  collaborator  and  himself]  that  in  this 
case  we  were  dealing  in  point  of  fact  with  a  ferment.  We  had, 
therefore,  discovered  a  ferment,  not  for  this  or  that  constituent 
of  the  food,  but  a  ferment  of  other  ferments."  * 

More  recent  work  has  only  served  to  confirm  Pawlow  and 
Schepowalnikow's  deductions.  Thus,  Bayliss  and  Starling^* 
were  led,  by  a  study  of  the  literature  of  the  subject  and  com- 
prehensive personal  experiments,  to  conclude  that  while  "tryp- 
sinogen  is  a  stable  body,"  ....  "it  is  converted  into  trypsin  by 
the  action  of  enterokinase."  They  also  state  that  "trypsin  is 
not  an  expression  for  two  bodies,  enterokinase  and  trypsinogen 
acting  together,  but  is  a  third  substance  produced  as  a  result 
of  the  interaction  of  those  two  bodies,  i.e.,  enterokinase  acts  on 
trypsinogen  like  a  ferment  (Pawlow)  and  converts  it  into  tryp- 
sin." Finally  they  observe  that  enterokinase  "has  an  extraor- 
dinary power  of  influencing  the  pancreatic  juice"  and  that  in 
one  experiment  0.0001  cubic  centimeter  of  an  active  entero- 
kinase "was  able  to  activate  5  cubic  centimeters  of  pancreatic 
juice  in  three  days." 

That  enterokinase,  the  identity  and  origin  of  which,  we 
have  seen,  have  remained  unknown,  contains  adrenoxidase  is 
shown  in  various  ways.  We  have  seen  that  while  the  activity 
of  trypsin  rapidly  declines  after  60°  C. — which  means  that  its 
zymogen,  trypsinogen,  is  destroyed  at  that  temperature — adren- 
oxidase is  only  destroyed  when  the  boiling  point  is  reached.  In- 
deed, as  observed  by  Moore  and  others,  its  active  principle,  that 
of  the  adrenals,  requires  several  hours'  boiling  before  yielding. 


*  The  italics  of  the  last  five  words  are  Prof.  Pawlow's.— S. 
"Bayliss  and  Starling:    Jour,  of  Physiol.,  vol.  xxx,  p.  61,  1903. 
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Now,  enterokinase  presents  the  same  peculiarities.  Not  only, 
as  stated  by  Pawlow,  must  the  boiling  point  be  reached  for  its 
destruction,  but  as  observed  by  Biery  and  Henri,^"  heating  it 
twenty  minutes  to  120°  C. — 20  degrees  above  boiling — may  not 
entirely  destroy  its  action.  We  have  seen  also  that  all  adrenal 
extractives  are  extremely  sensitive  to  the  action  of  alkalies. 
"The  active  trypsin,"  says  Howell,-^  i.e.,  the  trypsinogen  plus 
enterokinase,  "is  very  easily  destroyed,  especially  in  alkaline  so- 
lutions." That  enterokinase  is,  like  adrenoxidase,  an  oxidizing 
agent,  is  demonstrated  by  the  experiments  of  Heidenhain,  Sak- 
haroft",  and  Barcroft  and  Starling. 

Other  facts  point  in  the  same  direction.  Schoenbein^^ 
over  forty  years  ago  showed  that  the  blood  and  the  various  se- 
cretions of  animals,  as  well  as  the  juices  of  the  many  vegetable 
tissues  studied,  produced  a  blue  coloration  with  guaiac  in  the 
presence  of  hydrogen  peroxide.  He  ascribed  this  property  to 
the  presence  of  soluble  ferments,  trypsin,  pepsin,  etc.  As 
stated  by  Oscar  Loew,^^  however,  "investigations  of  recent 
years  have  shown  that  the  blue  guaiac  reaction  is  due  to  a 
separate  enzyme  belonging  to  a  new  group  of  oxidases."  In  the 
light  of  the  evidence  adduced,  the  "oxidases"  were  obviously 
combined  with  soluble  ferments  referred  to  by  Sehoenbein. 
Finally,  in  the  first  volume  (page  729),  I  conclude  that  "the 
oxidizing  substance  [now  adrenoxidase]  corresponds  with  Ehr- 
lich's  amboceptor."  Benjamin  Moore,^*  alluding  to  the  inves- 
tigations of  Delezenne  and  Dastre  and  other  French  observers, 
says  that  they  "regard  the  enterokinase  as  an  'amboceptor^  in 
the  language  of  Ehrlich,  which  serves  to  link  together  the 
attacked  proteid  and  the  trypsinogen,  and  so  invokes  the  pro- 
teid  cleavage." 

Considered  collectively,  all  these  experimental  facts  indicate 
that  the  substance  termed  hy  Pawlow  "enterokinase"  and  also 
"a  ferment  of  ferments"  contains  adrenoxidase. 

'"Biery  and  Henri:  cited  by  Benj.  Moore,  Hill's  "Recent  Advances  in 
Physiol,  and  Bio-Chemistry,"  p.  110,  1906. 

21  Howell:    "T.  B.  of  Physiol.,"  p.  704,  1905. 

22  Sehoenbein:    hoc.  cit. 

23  Oscar  Loew:  "Catalase,"  U.  S.  Dept.  of  Agriculture  Rep.,  No.  68,  1901. 
^  Benjamin  Moore:   Hill's  "Recent  Advances  in  Physiol,  and  Bio-Chemistry," 

p.  109,  1906. 
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ADRENOXIDASE  AS  "SECRETIN;"  ADRENOXIDASE  PLUS 
JNUCLEO-PROTEID   AS   ENTEROKINASE,    AND  THE 
ACTIVE   PRINCIPLE  OF    ADRENOXIDASE  AS 
THE   FERMENT   OF  TRYPSIN. 

As  is  well  known,  the  activity  of  ferments  is  dependent 
upon  the  temperature  to  which  they  are  exposed.  "The  diges- 
tive enzymes  are  very  sensitive  to  changes  in  temperature," 
writes  Moore,-^  "they  all  act  most  energetically  at  or  slightly 
above  the  body  temperature."  The  words  "slightly  above  the 
body  temperature"  are  very  suggestive  when  it  is  recalled  that 
fever  and  even  hyperpyrexia  mean  a  rise  of  but  a  few  degrees 
above  the  normal  temperature.  Hammarsten^*  states,  for  ex- 
ample, that  "many  circumstances  exert  a  marked  influence  on 
the  rapidity  of  the  trypsin  digestion.  With  an  increase  in  the 
quantity  of  enzyme  present  the  digestion  is  hastened  at  least 
to  a  certain  point,  and  the  same  is  true  also  of  an  increase  in 
temperature  at  least  to  about  40°  C.  [104°  F.],  at  which  tem- 
perature the  proteid  is  very  rapidly  dissolved  by  the  trypsin." 
He  also  says,  referring  to  fibrin,  the  proteid  generally  used  for 
such  experiments:  "Very  considerable  quantities  of  this  pro- 
teid body  are  dissolved  by  a  small  amount  of  trypsin  at  37°  to 
40°  C.  [98.6°  to  104°  F.]."  When  we  recall  that  Metchnikofl: 
found  that  it  was  a  trypsin  which  destroyed  bacteria  in  his 
phagocytic  leucocytes,  we  cannot  but  admit  that  there  is  a 
striking  coincidence  between  the  febrile  state  and  the  tempera- 
ture at  which  a  germ-destroying  ferment  is  very  active.  This 
suggests  that  we  are  dealing  in  this  connection  with  an  import- 
ant feature  of  pathology. 

How  is  the  rise  of  temperature  which  enhances  the  effi- 
ciency of  ferments  brought  about?  In  the  first  volume  I  as- 
cribed this  function  to  the  interaction  of  the  oxidizing  sub- 
stance (adrenoxidase)  and  another  familiar  blood-constituent, 
fibrinogen,  a  body  whose  only  function  is  now  thought  to  be 
concerned  with  coagulation  of  the  blood. 

Fibrin — the  identical  fibrin  obtained  by  whipping  blood — 
can,  as  we  have  seen,  be  split  into  two  substances,  fibrin-fer- 
ment and  fibrinogen.    That  the  former  is  the  adrenoxidase  was 


26  Moore:   Loc.  cit.,  p.  320. 

2^  Hammarsten :   Loc.  cit.,  p.  328. 
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shown  by  the  facts  that  it  gave  the  blue  coloration  with  gnaiac 
(Arthus)  and  that  this  reaction  only  failed  to  occur  when  it  had 
been  heated  to  the  boiling  point,  i.e.,  100°  C.  (Abelous  and 
Biarnes).  Fibrinogen,  on  the  other  hand,  is,  according  to 
Schafer,  probably  a  loose  combination  of  three  substances,  one 
of  which  alone  is  related  to  the  question  in  point,  viz.,  nucleo- 
proteid,  and  termed  such  because  it  contains  nuclein.  Now, 
"the  nucleins  are  rich  in  phosphorus,"  says  Hammarsten,^'^  "con- 
taining in  the  neighborhood  of  5  per  cent." 

That  fibrinogen  and  fibrin  ferment  (adrenoxidase)  unite 
so  readily  to  form  the  fibrin  of  shed  blood  betokens  their  mu- 
tual affinity.  This  fact  is  evidently  of  paramount  importance 
in  the  vital  process,  for  the  nucleo-proteid  constituent  of  fibrin- 
ogen is  found  as  universally  in  plants  and  animals  as  is  the  oxi- 
dizing substance  itself.  Again,  "the  nueleo-proteids  seem  to 
be  widely  diffused  in  the  animal  body,"  says  Hammarsten.^'* 
"They  occur  chiefly  in  the  cell-nuclei,  but  they  also  often  occur 
in  the  protoplasm."  In  a  union  between  the  oxT/^^en-laden  adren- 
oxidase and  the  phosphorus-l&dien  nucleo-proteid  we  have  a  self- 
evident  source  of  heat.  Hence  the  fact  that  I  ascribed  (in  the 
first  volume)  to  a  continuous  reaction  between  the  fibrinogen 
and  the  oxidizing  substance  (adrenoxidase)  in  the  tissues  and 
the  blood-stream,  not  only  the  generation  of  heat  in  the  animal 
organism,  but  also  that  of  the  heat  energy  to  which  ferments 
owe  their  exacerbations  of  activity.  Thus  a  ferment  is  active 
in  proportion  as  the  relative  quantity  of  fibrinogen  and  adren- 
oxidase present  is  great. 

The  activity  of  the  reaction  which  occurs  when  phosphorus 
and  oxygen  are  brought  into  contact  under  appropriate  con- 
ditions hardly  needs  to  be  emphasized.  "Ordinary  phosphorus 
is  very  oxidizable,"  writes  E.  C.  Hill,^''  "igniting  spontaneously 
in  air  at  50°  to  60°  [C].  At  lower  temperatures  it  oxidizes 
more  slowly  with  phosphorescence."  Bunge^**  refers  to  oxygen 
in  physiological  functions  as  the  "most  potent  source  of  energy." 

The  role  of  adrenoxidase  is  not  only  shown  by  the  fact  that 
as  fibrin  ferment  it  combines  with  the  nueleo-proteid-laden 


"Hammarsten:   Loc.  cit,  p.  125. 

Hammarsten :   Loc.  cit.,  p.  56. 
=9B.  C.  Hill:    "T.  B.  of  Chemistry,"  Philadelphia,  1903. 
soRunge:   Loc.  cit.,  p.  237. 
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fibrinogen  as  soon  as  blood  is  shed,  but  also  in  that  this  union 
can  occur  in  the  circulating  plasma.  This  is  well  illustrated 
by  the  presence  in  the  plasma  of  what  have  been  termed  blood- 
platelets  (droplets  of  adrenoxidase,  we  have  seen)  plus  nucleo- 
proteid.  "According  to  the  researches  of  Kossel  and  of  Lilien- 
feld,"^^  says  Hammarsten/^  "the  blood-plates  consist  of  a 
chemical  combination  between  proteid  and  nuclein,  and  hence 
they  are  called  nuclein-plates  by  Lilienfeld,  and  are  considered 
as  derivatives  of  the  cell  nucleus."  In  view  of  the  data  I  have 
adduced,  they  represent  a  combination  of  adrenoxidase  and 
nuelein-laden  fibrinogen,  thus  forming  an  exact  counterpart,  as 
to  the  bodies  involved,  of  coagulation  in  shed  blood.  In  fact, 
Hammarsten  says  in  this  connection,  "It  seems  certain  that  the 
blood-plates  stand  in  a  certain  relationship  to  the  coagulation 
of  blood."  He  also  states^^  that  "coagulation  is  retarded  by 
cooling"  and  "by  diminishing  the  oxygen" — additional  features 
in  which  coagulation  corresponds  with  fermentation. 

The  active  part  taken  by  adrenoxidase  in  the  heat-produc- 
ing process  through  its  combination  with  the  nucleo-proteid 
(shed  by  leucocytes  as  we  shall  see)  in  the  blood,  is  illustrated 
by  the  influence  of  removal  of  the  adrenals,  the  sources  of  its  ac- 
tive principle,  on  temperature.  That  this  is  markedly  lowered 
was  first  shown  by  Brown-Sequard.  Schafer,  referring  to  the 
experiments  of  Marinesco,  and  Vassale  and  Sacchi,  places 
"diminution  of  the  body  temperature"  first  among  the  results 
of  bilateral  extirpation.  Hypothermia,  as  is  well  known,  is  a 
marked  symptom  of  Addison's  disease.  Conversely,  as  pre- 
viously stated,  Oliver  and  Schafer,  Lepine,  Morel  and  Reichert 
all  observed  that  adrenal  extracts  caused  a  rise  of  temperature, 
"accompanied,"  in  the  case  of  the  last  named  observer,  "by 
increased  metabolism."  This  points  to  the  wide-spread  char- 
acter of  the  action  of  adrenoxidase,  and  to  the  presence  in  all 
parts  of  the  body  of  the  nucleo-proteid-laden  fibrinogen  with 
which  it  combines  to  liberate  heat  energy. 

Indeed,  as  already  stated,  nucleo-proteid  has  been  found  in 
all  parts  of  the  organism  and  in  enzyme-secreting  elements  or 

51  Lilienfeld:    Dubois-Reymond's  Archiv  £.  Physiol,  1892  u.  1893. 
^2  Hammarsten:    Loc.  cit.,  p.  186. 
^Hammarsten:   Loc.  cit.,  p.  189. 
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their  products:  e.g.,  in  gastric  juice  by  Nencki  and  Sieber/* 
in  the  pancreas  by  Hammarsten/'^  in  the  liver  by  Halliburton/*^ 
in  the  muscles  by  Pekelharing/^  in  the  heart-muscle  by  Bot- 
tazzi  and  Ducheschi/*  in  large  quantities  in  the  non-striated 
muscles  by  Munk  and  Velichi/"  and  in  the  brain  by  Levene/" 
etc.  Hammarsten,*^  alluding  to  the  presence  of  nucleo-proteid 
in  the  nervous  system,  says:  "There  does  not  seem  to  be  any 
doubt  that  the  proteids  belong  chiefly  to  the  gray  substance  of 
the  brain  and  to  the  axis-cylinders.  The  same  remarks  apply 
to  the  nuelein,  which  von  Jaksch*-  found  in  large  quantities 
in  the  gray  substance." 

In  the  intestines — as  elsewhere  in  the  body,  as  shown  in  the 
first  volume — the  nucleo-proteid  is  supplied  by  leucocytes  and 
is  secreted  by  these  cells  as  granulations.  Hardy  and  Wesbrook** 
state,  as  the  result  of  personal  experiments:  "It  appears  to 
us  to  be  clear  that  immigration  of  the  oxyphile  cells  into  the 
epithelium  and  thence  into  the  lumen  [of  the  intestine]  is  a 
process  of  constant  occurrence,  at  times  so  slight  as  to  be  barely 
detectable,  at  other  times  so  excessive  that  the  epithelium  ap- 
pears to  be  riddled  with  these  bodies.  The  most  obvious  change 
which  the  oxyphile  cells  manifest  within  the  epithelium  or  the 
lumen  of  the  gut  is  a  diminution  in  the  number  of  oxyphile  gran- 
ules even  to  the  total  disappearance  of  these  structures."  That 
the  granules  are  oxyphile  points  to  their  identity  as  the  phos- 
phorus-laden nucleo-proteid  granules  (Sherrington,  Milroy,  and 
Malcolm**)  which  contribute  to  the  formation  of  enterokinase  by 
combining  with  adrenoxidase. 

On  the  whole,  the  evidence  available  shows  that  it  is  to  an 
exacerbation  of  the  heat  liberated  by  a  continuous  reaction  between 
the  phosphorus-laden  nucleo-proteid  and  the  oxygen  of  the  adren- 
oxidase that  the  augmentation  of  heat  energy  which  endows  fer- 
ments with  increased  activity  should  be  ascribed. 

Nencki  and  Sieber:    Zeitsch.  f.  physiol.  Chemie,  Bd.  xxxii,  S.  291,  1901. 
'i'i  Hammarsten :    lUd.,  Bd.  xix,  S.  19,  1894. 

=0  Halliburton:    Jour,  of  Physiol.,  vol.  xiii,  suppl.,  p.  806,  1892. 

Pelcelliaring:    Zeit.  f.  Physiol.  Chemie,  Bd.  xxil,  S.  245,  1896. 
"8  Bottazzi  and  Ducheschi:    II  Morgagni,  vol.  xxxix.  No.  10. 
soVelichi:    Centralbl.  f.  Physiol.,  Bd.  xii,  S.  351,  1898. 

*"  Levene:  Archives  of  Neurol,  and  Psycho-Path.,  vol.  ii,  Nos.  1  and  2, 
p.  3,  1899, 

"  Hammarsten:   Loc  rit.,  p.  406. 

•2  von  Jaksch:    Pfltiger's  Archiv,  Bd.  xiii,  S.  469,  1876. 

"Hardy  and  Wesbrook:    Jour,  of  Physiol.,  vol.  xviii,  p.  490,  1895. 

Sherrington,  Milroy  and  Malcolm:    Jour,  of  Physiol.,  vol.  xxv,  p.  105,  1899. 
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Eeturning  to  the  intestinal  pancreatic  juice,  we  find  it  to 
possess,  in  keeping  with  all  fluids  endowed  with  fermentative 
properties,  its  nucleo-proteid.  The  latter  was  recently  found  by 
Stassano  and  Billon*'^  to  be  a  constituent  of  enterohinase.  In 
other  words,  enterokinase  is  a  compound  of  adretwxidase  and 
nucleo-protcid. 

This  leaves  adrenoxidase  unisolated.  Another  substance 
found  in  the  intestinal  secretions,  however,  meets  all  the 
chemical  tests  of  the  active  principle  of  the  adrenals,  i.e.,  that 
of  adrenoxidase. 

Bayliss  and  Starling*®  have  given  the  name  "secretin"  to  "a 
chemical  substance  which  is  formed  in  the  mucous  membrane 
of  the  upper  parts  of  the  small  intestines  under  the  influence 
of  acid,"  meaning  by  the  latter,  of  course,  the  hydrochloric  acid 
derived  from  the  stomach  immediately  above.  This  was  con- 
firmed by  the  observations  of  Pawlow,  Popielski,  Wertheimer 
and  Lepage  and  others.  Although  Bayliss  and  Starling  could 
not  "give  any  definite  suggestion  as  to  the  chemical  nature  of 
secretin,"  the  tests  they  enumerate  are  clearly  those  of  the 
adrenal  active  principle.  Thus,  while  insoluble  in  absolute  al- 
cohol and  ether,  it  becomes  soluble  when  water  is  added  to  the 
former;  the  authors  state  that  "a  short  boiling  does  not  de- 
stroy it," — a  characteristic  of  adrenal  extractives  as  shown  by 
Moore.  On  evaporating  a  solution  "the  activity  was  found  to 
disappear,"  a  fact  which  they  ascribe  "to  slow  oxidation."  The 
characteristic  reducing  power  is  shown  by  the  fact  that  "the 
activity  of  a  strong  solution  is  very  readily  abolished  by  weak 
potassium  permanganate."  Adrenalin  is  not  an  alkaloid,  ac- 
cording to  Takamine,  since,  among  other  tests,  it  is  not  precipi- 
tated by  tannin.  Bayhss  and  Starling  also  say,  alluding  to  se- 
cretin :  "That  it  is  not  of  the  nature  of  an  alkaloid  or  diamino- 
acid  is  shown  by  the  fact  of  its  not  being  precipitated  by  tan- 
nin." It  dialyses  through  parchment  paper,  so  do  adrenal  ex- 
tractives. It  promptly  disappears  when  injected  into  the  tissues 
— another  peculiarity  of  adrenal  extractives,  readily  accounted 
for  when  we  consider  that  it  soon  becomes  oxygen-laden  and 
transformed  into  adrenoxidase. 

"Stassano  and  Billon:   C.  r.  de  la  Soc.  de  biol.,  p.  623,  1902. 
"Bayliss  and  Starling:   Jour,  of  Physiol.,  vol.  xxiv,  p.  99,  1899;  and  vol. 
xxviii,  p.  325,  1902. 
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Bayliss  and  Starling  found,  moreover,  that  secretin  prepa- 
rations made  from  the  duodenum  of  the  cat,  rabbit,  monkey  and 
man,  "were  all  active  as  regards  the  pancreatic  secretion  of  the 
dog;"  while  on  that  of  the  rabbit  and  monkey  they  tested  the 
secretin  of  the  dog,  rabbit,  monkey  and  man,  also  with  positive 
results.  They  concluded,  therefore,  that  "the  secretin  of  all 
these  animals  is  one  and  the  same  body."  These  investigations 
have,  as  to  their  general  features,  been  confirmed  by  Camus, 
Gley,  Herzen  and  others.  (Hammarsten.*^)  The  conclusion  of 
Bayliss  and  Starling  that  secretin  is  the  specific  chemical 
excitant  of  the  pancreatic  secretion  is  also  sustained  in  the  light 
of  my  views,  since,  as  we  have  seen,  it  is  adrenoxidase  which  en- 
dows trypsinogen  with  its  activity  in  the  pancreas. 

On  the  whole,  the  following  conclusions  seem  warranted: 
(1)  the  composition  of  the  pancreatic  juice  is  as  follows:  the 
normal  product  of  the  pancreas,  the  zymogen  or  mother  substance 
trypsinogen;  adrenoxidase — a  substance  now  Jcnown  as  "secretin;" 
and  nucleo-proteid;  (2)  trypsin  is  formed  when  trypsinogen 
combines  with  enterokinase,  a  body  composed  of  adrenoxidase  and 
nucleo-proteid ;  (3)  trypsin  causes  hydrolytic  cleavage  of  pro- 
teids,  and  its  proteolytic  activity  is  due  to  the  intrinsic  heat- 
energy  its  oxygen-laden  adrenoxidase  and  its  phosphorus-laden 
nucleo-proteid  liberate  when  combined. 

An  additional  conclusion  warranted  by  the  evidence  sub- 
mitted is  that  trypsin  owes  its  activity  as  a  ferment  to  adrenoxi- 
dase, since  it  is  the  only  one  of  its  three  constituents  that  is  enr- 
dowed  with  the  properties  of  a  ferment,  i.e.,  of  provoking  cataly- 
sis. The  bearing  of  this  fact  becomes  self-evident  in  view  of 
Moore's**  statement  that  "ferment  actions  are  such  catalytic 
reactions." 

THE  ACTIVE  PRINCIPLE  OF  ADRENOXIDASE  AS  THE  FERMENT 
OF  PTYALIN,  AMYLOPSIN,  LIPASE,  AND  MALTASE, 
AND  OF  THE  DIASTASE  WHICH  CONVERTS 
GLYCOGEN  INTO  SUGAR. 

The  fact  that,  as  stated  by  Hammarsten,*"  the  pancreatic 
juice  (dog)  contains  "amylopsin,  trypsin,  steapsin  and  rermin/' 

"Hammarsten:   Loc.  rit.,  p.  322. 

"  Moore:    Schafer's  "T.  B.  of  Physiol.,"  vol.  i,  p.  317,  1898. 
"  Hammarsten :  Loc.  cit,  p.  324. 
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suggests  that  these  ferments  are  all  produced  under  similar 
conditions  and  that  their  zymogens  owe  their  activity  to  adren- 
oxidase  and  nucleo-proteid.  That  such  is  actually  the  case,  i.e., 
that  the  process  through  which  trypsin  becomes  a  proteolytic 
ferment  exemplifies  that  which  prevails  in  the  case  of  all  pan- 
creatic ferments,  is  sustained  by  considerable  direct  and  indi- 
rect evidence. 

The  starch-splitting  ferment  of  the  saliva,  ptyalin,  is  now 
considered  by  most  authorities  to  be  the  same  as  that  of  the 
pancreas,  amylopsin.  As  stated  by  Moore "In  their  be- 
havior to  change  of  temperature  and  reaction  the  two  enzymes 
are  identical;  the  rate  of  conversion  of  starch  into  other  sub- 
stances depends  on  the  concentration  of  the  enzymes  in  the 
solution" — a  fact  which  plainly  suggests  that  the  differences 
observed  can  be  "entirely  produced  by  differences  in  concentra- 
tion." The  two  ferments  will,  therefore,  be  considered  to- 
gether. 

The  first  qviestion  to  suggest  itself  is  whether  we  are  deal- 
ing with  a  ferment,  since,  as  is  well  known,  starch  may  be  con- 
verted into  sugar  by  ordinary  chemical  procedures. 

That  a  ferment  is  the  active  agent  in  the  physiological  pro- 
cess is  shown  by  the  fact  that  Roberts^^  found  that  amylopsin 
could  convert  40,000  times  its  weight  of  starch — obviously  as 
the  result  of  a  fermentation.  As  the  adrenal  active  principle 
of  adrenoxidase  is  essentially  a  ferment — the  deus  ex  machinu 
of  enterokinase — it  meets  the  need  in  this  particular.  Again, 
we  have  seen  that  secretin  strikingly  corresponds  as  to  its 
chemical  reactions  with  the  adrenal  principle.  Ptyalin,  which 
is  now  considered  identical  with  amylopsin,  shows  a  similar  cor- 
respondence with  the  same  active  principle,  i.e.,  adrenalin.  It  is 
precipitated  by  absolute  alcohol,  but  as  water  is  added  to  the 
latter  its  solubility  increases;  it  acts  best  in  a  faintly  acid  so- 
lution. A  pure  ptyalin — which  gave  none  of  the  proteid  re- 
actions— isolated  by  Cohnheim,^^  presented,  moreover,  the 
characteristic  test  of  adrenalin :  it  resisted  the  boiling  tempera- 
ture. That  the  active  ferment  of  ptyalin  is  that  present  in 
adrenoxidase  is  further  shown  by  the  fact  that,  as  we  have  seen. 


Moore:   hoc.  cit.,  p.  328. 
"  Roberts:   Lumleian  Lectures,  London,  1891. 
s^Cohnheim:   Virchow's  Archiv,  Bd.  xxviii,  S.  241,  1863. 
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Schoenbein^*  produced  a  blue  coloration  of  saliva  and  secretion 
of  mucous  membranes  with  tincture  of  guaiac  in  the  presence 
of  hydrogen  peroxide. 

As  to  the  presence  of  nucleo-proteid  in  both  amylopsin 
and  ptyalin,  the  evidence  is  also  direct.  Not  only  have  we  seen 
that  the  pancreas  is  supplied  with  this  body  available  for  all 
its  zymogens,  including,  therefore,  amylopsin,  but  Hammar- 
sten^*  includes  among  the  constituents  of  saliva,  both  nuclein 
and  nucleo-proteid. 

All  this  is  further  sustained  by  the  fact  that  the  needs  of ' 
the  catalytic  process  which  the  presence  of  adrenoxidase  en- 
tails are  met  by  a  very  marked  oxygen  absorption,  as  shown  in 
the  following  lines  by  Bunge:^^  "That  oxygen  passes  through 
the  capillary  wall  in  the  salivary  glands  is  apparent,  for  the 
simple  reason  that  the  saliva  contains  free  oxygen.  So  large 
an  amount  of  oxygen  passes  out  of  the  blood,  therefore,  that  the 
cells  of  the  glandular  tissue  cannot  consume  it,  and  the  excess 
escapes  into  the  secretion."  What  this  illustrates,  of  course,  is 
the  marked  vigor  of  the  catalytic  action  sustained  by  the  adren- 
oxidase. Again,  Pfliiger''®  ascertained  the  presence  of  absorbed 
oxygen  in  the  submaxillary  secretion  with  the  aid  of  the  gas- 
pump;  he  found  that  it  amounted  to  from  0.4  to  0.6  per  cent, 
of  the  volume  of  the  saliva.  This  fact  was  confirmed  by  Hoppe- 
Seyler,  who  "found  that  the  secretions  of  both  the  submaxillary 
and  of  the  parotid  contained  oxygen." 

That  the  starch-splitting  ferment  is,  like  trypsin,  activated 
by  adrenoxidase  and  nucleo-proteid,  appears  to  me  self-evident. 

As  to  the  fats  putting  ferment  lipase  (pialyn,  steapsin),  the 
data  available  are  very  scant.  According  to  Moore,^'  "very 
little  is  known  of  the  fat-splitting  enzyme,  pialyn,  of  the  pan- 
creatic juice.  That  the  action  is  due  to  an  enzyme,  however,  is 
shown  by  the  following  experimental  observations:  (a)  The 
action  is  destroyed  when  the  pancreatic  juice  or  active  pan- 
creatic extracts  are  hoiled;  (b)  it  takes  place  in  the  presence 
of    antiseptics,    and    hence    cannot    be    due    to  bacteria" 


Schoenbein:   Loc.  cit. 
"  Hammarsten:    Loc.  cit.,  p.  286. 

Bunge:    Lor.  cit.,  p.  246. 
s«  Pfluger:    Pfluger's  Archiv,  Bd.  i,  S.  686,  1868. 
"Moore:    Loc.  cit.,  p.  339. 

^sNencki:   Arch.  f.  exp.  Path.  u.  Pharm.,  Bd.  xx,  S.  367,  1886. 
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(Nencki^*).  That  oxygen  takes  part  in  the  process  is  sug- 
gested by  the  fact  that,  as  stated  by  Landois/"  its  action  on 
fatty  acids  is  attended  by  the  production  of  CO2  and  H  in  the 
absence  of  micro-organisms.  Again,  we  have  seen  that  Sak- 
haroff  found  that  ferments  remained  inactive  in  the  absence 
of  oxygen. 

The  role  of  the  intestinal  Juice  in  the  process  is  emphasized 
by  the  observations  of  Bunge,'"*  that  even  after  removal  of  the 
pancreas,  the  greater  part  of  fat  administered  to  dogs  con- 
tinued to  be  split  into  fatty  acids  and  glycerin — a  process  which 
corresponds  with  that  ascribed  to  enterokinase  by  Pawlow. 
The  participation  of  the  oxygen  and  nucleo-proteid  of  entero- 
kinase in  the  cleavage  of  fat  is  also  shown  by  the  fact  that, 
as  stated  by  Moore,"^  the  activity  of  lipase  "is  greatly  increased 
by  the  presence  of  bile."  Now,  Glaessner"^  showed  recently 
that  this  applied  to  diastatic  ferments  as  well  as  to  fat-splitting 
ferments — a  fact  which  indicates  that  the  latter  must  be  acti- 
vated by  the  same  agents  that  activate  ptyalin,  amylopsin,  etc. 
The  identity  of  the  agent  which  in  bile  produces  this  action  is 
suggested  by  Moore's  statement  that  "PaijkulP^  has  proved  that 
the  mucin-like  substance  which  gives  bile  its  viscidity  really 
belongs  to  the  nucleo-proteids."  As  nucleo-proteid  is  neces- 
sarily secreted  info  the  intestine,  it  plays  in  the  fat-splitting 
process  precisely  the  role  it  fulfills  in  conjunction  with  adren- 
oxidase  in  other  fermentative  processes  reviewed.  It  is  evi- 
dently, as  in  the  case  of  trypsin,  ptyalin  and  amylopsin,  one  of 
hydrolytic  cleavage,  for  Claude  Bernard®*  showed  that  the  fat- 
molecule  took  up  three  molecules  of  water  and  split  into 
glycerin  and  three  molecules  of  fatty  acid. 

Although  the  evidence  in  the  case  of  the  fat-splitting  fer- 
ment is  partly  inferential,  owing  to  the  paucity  of  experimental 
data,  the  temperature  at  which  it  is  destroyed,  its  kinship  to 
amylopsin  and  therefore  ptyalin  which  colors  guaiac  blue;  the 
facts  that  it  is  produced  by  the  same  organ  as  trypsin  and  that 
its  activity  is  enhanced  by  contact  with  bile,  a  body  rich  in 


^'Landois:   hoc.  cit.,  p.  306. 
'"Bunge:    Loe.  cit.,  p.  165. 
«i  Moore:    Loc.  cit.,  p.  339. 

Glaessner:    Zeit.  f.  physiol.  Chemie,  Bd.  xl,  S.  465,  1904. 
«3Paljkull:    lUd.,  Bd.  xii,  S.  196,  1888. 

"  Claude  Bernard:   Ann.  de  chim.  et  de  phys.,  Ser.  iii,  p.  474,  1849. 
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nueleo-proteid,  indicate  that  it  differs  in  no  way  from  trypsin 
as  to  the  manner  in  which  it  is  physiologically  activated. 

As  stated  by  Landois,*"^  "the  pancreas  also  prepares  a  sugar- 
splitting  ferment.  If  a  solution  of  sugar  is  digested  with  an 
aqueous  or  glycerin  extract  of  pancreas,  the  amount  of  sugar 
diminishes."  This  ferment  is  maltase,  which  converts  maltose 
into  dextrose,  the  sugar  found  in  the  urine  in  glycosuria.  Mal- 
tase  is  also  present  in  the  saliva,  which,  we  have  seen,  colors 
guaiac  blue  and  contains  nucleo-proteid.  Wherever  found, 
therefore,  it  is  accompanied  by  adrenoxidase  and  nucleo-pro- 
teid, since  these  bodies  are  also  present  in  pancreatic  juice. 
Now,  Cohnheim'*''  was  recently  led,  after  a  series  of  experi- 
mental investigations,  to  compare  the  formation  of  the  pan- 
creatic sugar-splitting  ferment  to  that  of  trypsin  as  inter- 
preted by  Pawlow,  i.e.,  with  enterokinase  (which,  we  have  seen, 
contains  both  adrenoxidase  and  nucleo-proteid)  as  the  activating 
agent  of  the  trypsinogen.  A  subsequent  series  of  researches 
by  the  same  investigator,''^  having  for  its  purpose  to  identify 
the  "glycolytic  body"  as  he  terms  it,  showed  that  it  withstood 
boiling,  and  that  it  was  soluble  in  water  and  96  per  cent,  alcohol. 
Both  these  tests  are  characteristic  of  the  adrenal  active  prin- 
ciple, since,  as  we  have  seen,  it  is  soluble  in  alcohol  contain- 
ing water,  i.e.,  96  per  cent,  alcohol.  Cohnheim  mentions  an- 
other test  which  applies  to  the  adrenal  principle,  viz.,  that  it  is 
insoluble  in  ether.  Finally,  as  to  the  nature  of  the  glycolytic 
body,  he  concludes  that  it  is  not  a  ferment — such  as  pepsin, 
trypsin,  etc. — but  a  body  closely  allied  as  to  its  characteristics 
to  the  constituents  of  various  internal  secretions,  among  which 
he  mentions  adrenalin  and  secretin — the  identical  bodies  which 
I  have  identified  as  the  active  principle  of  adrenoxidase  as  to 
the  adrenalin,  and  as  adrenoxidase  as  to  secretin.  Cohnheim 
was  thus  brought  back  to  a  conclusion  which  I  had  reached  one 
year  before  him  (see  page  411  in  the  first  volume),  viz.,  that 
"Lepine's  glycolytic  ferment  is  the  oxidizing  substance" — ^now 
the  adrenoxidase. 

In  the  light  of  the  foregoing  facts,  however,  the  adren- 
oxidase is  not  itself  the  glycolytic  agent,  but  it  endows  the 

"^Landois:    Loc.  cit.,  p.  307. 

«'  Cohnheim:    Zeit.  f.  physiol.  Chemie,  Bd.  xxxix,  S.  336,  1903. 
"  Cohnheim:   IMd.,  Bd.  xlii,  S.  401,  1904. 
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latter,  i.e.,  the  sugar-splitting  ferment  maltase,  with  its  prop- 
erty as  such,  this  ferment  being  composed  of  the  pancreatic 
zymogen,  adrenoxidase  and  nucleo-proteid.  As  such,  it  is  an 
exact  counterpart  of  trypsin,  but  acting  on  sugars  instead  of 
proteids. 

Closely  allied  to  this  process  is  that  through  which  glycogen 
is  converted  into  sugar.  When,  as  shown  by  Minkowski,  von 
Mering,  Dominicis,  von  Noorden  and  others,  the  pancreas  is  re- 
moved from  animals,  glycosuria  appears.  This  is  due  to  the 
absorption  into  the  blood  of  sugars  ingested  as  such  or  derived 
from  starches  converted  into  sugar  in  the  alimentary  tract  and 
eliminated  by  the  urine.  Thus  Minkowski  found,  and  his  re- 
sults were  confirmed  by  Hedon,*'^  that  a  fixed  quantity  of  sugar, 
administered  to  animals  deprived  of  their  pancreas,  caused  an  in- 
crease of  sugar  in  the  urine  precisely  equal  to  the  quantity  given. 
In  normal  animals,  however,  this  morbid  phenomenon  does  not 
occur.  The  several  varieties  of  sugar  and  their  anhydrides, 
dextrine  and  starches,  contribute  to  the  formation  of  glycogen, 
which  is  stored,  as  is  well  known,  in  the  liver,  to  be,  as  first  sug- 
gested by  Claude  Bernard,  converted  into  sugar  for  use  in  the 
organism  at  large;  the  muscles  in  particular.  Bernard  con- 
eluded  that  this  is  effected  by  a  diastatic  ferment — a  view  which, 
according  to  Hammarsten,  "is  accepted  by  most  investigators." 
I  may  recall  in  this  connection  that  I  pointed  out  in  the  first 
volume  (page  404)  the  source  of  his  ferment,  viz.,  the  pancreas, 
the  pancreatic  juice  reaching  the  liver  by  way  of  the  splenic 
and  portal  veins,  as  an  internal  secretion.  Indeed,  J.  Eose 
Bradford®''  states  that  "pancreatic  diabetes  may  be  produced 
not  only  by  removal  of  the  pancreas,  but  also  by  ligature  of  the 
pancreatic  veins,"  a  fact  which  indicates  that  obliteration  of 
the  vessels  which  carry,  as  interpreted  from  my  standpoint,  the 
pancreatic  products  to  the  splenic  vein  annuls  the  organ's  func- 
tions as  to  its  relations  with  the  liver.  This  not  only  sustains 
Bernard's  conception  as  to  the  intervention  of  a  diastatic  fer- 
ment, but  it  assimilates  the  latter  to  the  ferment  by  which  the 
conversion  of  starches  into  sugar  is  brought  about  in  the  in- 
testine, i.e.,  amylopsin  and  its  homologue  in  the  saliva,  ptyalin. 


Hgdon:  Archives  de  physiol.,  Jan.,  p.  154,  1893. 
J.  Rose  Bradford:   Practitioner,  Aug.,  1900. 
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which  we  have  seen  contains  both  adrenoxidase  and  niicleo- 
proteid. 

Diabetes — a  form  of  this  disease  as  least — should  under 
these  conditions  be  caused  by  an  excessive  production  of  amy- 
lopsin  by  the  pancreas.  Again,  the  overproduction  of  this  fer- 
ment should  be  caused  by  an  excess  of  adrenoxidase  in  the 
blood,  since  this  body  supplies  the  body  at  large  with  oxygen, 
and  is  the  promotor  of  tissue  metabolism.  Briefly  we  should 
have  (1)  an  increase  of  pancreatic  activity  entailing  overpro- 
duction of  amylopsinogen,  (2)  leucocytogenesis,  which  entails, 
as  we  will  see,  an  increased  production  of  nucleo-proteid,  and 
(3)  the  active  principle  in  adrenoxidase, — the  three  agents 
which  jointly  form  the  amylolytic  or  diastatic  ferment  -  to 
which  the  conversion  of  glycogen  into  sugar  is  due.  That  such 
is  the  case  is  shown  by  the  fact  that  the  injection  of  the  adrenal 
principle  into  the  blood,  adding  thereby  to  its  normal  con- 
tent in  adrenoxidase,  gives  rise  to  glycosuria. 

We  have  seen,  in  the  first  volume,  that  Blum,  Croftan, 
Herter  and  others  caused  glycosuria  by  injecting  adrenal  ex- 
tractives. This  has  been  confirmed  by  a  number  of  investigat- 
ors. Herter  and  Kichards  not  only  produced  glycosuria  in  ani- 
mals, whether  the  adrenal  active  principle  was  introduced  endo- 
venously,  subcutaneously  or  endoperitoneally,  but  Metzger'^** 
found  that  when  adrenal  extract  was  given  to  dogs  there  was 
hyperglycsemia,  i.e.,  an  actual  increase  of  sugar  in  the  blood. 
Finally,  Herter  and  Wakeman^^  found,  moreover,  that  com- 
pression of  the  adrenal  glands,  thus  causing  hypersecretion, 
caused  glycosuria,  and  that  removal  of  these  organs  or  ligation 
of  their  vessels  caused  a  "considerable  fall  of  the  sugar-content 
of  the  blood." 

Considered  collectively,  all  this  evidence  seems  to  me  to 
show  (1)  that  the  mode  of  formation  of  trypsin  and  the  man- 
ner in  which  it  is  activated  and  endowed  with  its  properties  as  a 
ferment,  is  common  to  all  pancreatic  ferments;  (2)  that  all 
the  pancreatic  zymogens  are  converted  into  ferments  hy  combin- 
ing with  adrenoxidase  and  nucleo-proteid ;  (3)  that  they  are  all 
activated  by  the  joint  action  of  adrenoxidase  and  nucleo-proteid; 

™Metzger:    Miinch.  med.  Woch.,  Mar.  25,  1902. 

"  Herter  and  Wakeman:   Amer.  Jour.  Med.  Sci.,  Jan.  1903. 
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and  (4)  that  they  all  acquire  their  property  as  ferments  from 
the  active  principle  of  the  adrenoxidase  they  contain. 

THE  ACTIVE  PRINCIPLE  OF  ADRENOXIDASE  AS  THE  FERMENT 
OF  THE   COAGULATION   FERMENT,  AND   RENNIN  AS 
"FIBRINOGEN  PROPER."     THE     ZYMOGEN  OF 
FIBRINOGEN  PROPER. 
A  prominent  gastric  ferment  is  the  familiar  milk-curdling 
rennin  or  lab  discovered  by  Hanunarsten  in  1872.    The  process 
of  coagulation  which  rennin  provokes  in  milk  was  regarded  by 
this  distinguished  chemist  as  analogous  to  that  of  blood-coagu- 
lation, but  he  ascribed  it  to  the  specific  ferment  named.  Analy- 
sis of  the  question  in  the  light  of  my  views  suggests,  however, 
that  milk  coagulation  is  an  artificial  process,  i.e.,  one  which  has 
no  physiological  application,  and  that  it  is  caused  incidentally 
when  the  ferment  which  causes  blood  coagulation  is  added  to 
milk.    This  entails  the  conclusion  also  that  such  a  ferment  as 
"rennin"  does  not  exist  as  a  separate  entity. 

A  curious  feature  of  the  milk-curdling  ferment  is  that  it 
is  found  in  many  plants,  in  the  blood  of  invertebrates,  and  also 
in  that  of  vertebrates  which  do  not  secrete  milk.  "The  pres- 
ence of  rennin  in  the  stomach  of  birds  and  fishes  is  very  remark- 
able," says  Moore,'-  "and  points  to  some  wider  function  at  pres- 
ent unknown  to  us,  since  it  cannot  be  supposed  that  in  such  ani- 
mals the  ferment  plays  any  part  in  connection  with  the  clotting 
of  milk."  Again,  while  rennin  is  found  in  the  stomach,  where  it 
is  supposed  to  carry  on  its  function,  a  substance  capable  of  pro- 
ducing similar  effects  also  exists  in  other  parts  of  the  body. 
Thus,  extracts  of  testes,  liver,  lung,  kidney,  muscle,  spleen,  thy- 
mus, thyroid,  brain,  small  intestine,  ovary  and  blood  were  all 
found  by  Edmunds''^  to  induce  the  formation  of  casein  when 
added  to  milk.  Moreover,  Moro  and  Hamburger''*  found  that 
a  drop  of  hydrocele  fluid  from  an  infant,  to  which  a  drop  of  hu- 
man milk  was  added,  clotted  almost  immediately. 

Again,  although  thirty  years  have  elapsed  since  rennin  was 
discovered,  the  actual  need  or  usefulness  of  a  milk-curdling  fer- 
ment in  the  stomach  has  not,  as  yet,  been  shown.  Howeiy^ 

"Moore:   Loc.  cit.,  p.  334. 

"Edmunds:   Jour,  of  Physiol.,  vol.  xix,  p.  466,  1896. 
"Moro  and  Hamburger:    Wiener  klin.  Vl'ochen.,  Jan.  30,  1902. 
Howell:   "Amer.  T.  B.  of  Phyaiol.,"  vol.  i,  p.  296,  1900. 
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for  instance,  states  that  "the  value  of  the  curdling  action  is 
not  at  once  apparent,"  but  "we  may  suppose"  he  adds,  "that 
casein  is  more  easily  digested  by  the  proteolytic  enzymes  after 
it  has  been  brought  into  a  solid  form."  Bunge^"  says  that  "the 
significance  of  rennet  ferment  and  casein  coagulation  in  the 
stomach  is  still  unexplained."  Stewarf^  also  says  that  "we 
have  no  precise  knowledge"  as  to  its  exact  function. 

Conversely  we  have  in  the  similarity  between  the  blood  and 
milk  good  ground  for  the  belief  that  a  phenomenon  provoked 
in  the  former  by  a  given  ferment  will  likewise  induce  it  in  the 
latter.  Harris^*  has  called  attention  to  the  many  points  of  re- 
semblance between  milk  and  blood  coagulation.  "Both  fluids 
coagulate  by  an  enzyme,"  says  this  investigator,  "the  clot  en- 
tangling the  solid  bodies  being  jelly-like,  filling  the  dish,  then 
contracting  and  expressing  serum  and  whey  respectively. 
Decalcification  of  each  prevents  clotting.  In  both  heat  is 
given  out  during  coagulation.  In  both  a  low  temperature 
retards  coagulation."  He  also  states,  however,  that  while 
"blood  has  all  its  factors  for  clotting  within  itself"  .... 
"milk  has  not." 

It  is  as  a  nutritional  agent  that  milk  difi'ers  from  blood. 
This  is  shown  by  the  relative  structure  of  these  fluids.  "Milk 
is  a  perfect  food,  but  blood  is  not,"  continues  Harris;  "blood- 
clot  has  fibers  in  a  felt-work;  curd  has  no  visible  fibers,  but 
is  molecular."  Though  derived  from  the  blood,  in  other  words, 
and  containing  its  main  components,  the  structure  of  milk 
as  it  is  provided  hy  Nature,  is  eminently  fitted  for  the  nutrition 
of  the  suckling. 

The  clot  formed  in  shed  milk  by  rennet  becomes,  there- 
fore, an  adventitious  product,  and  the  presence  of  "rennet"  in 
plants,  in  the  stomachs  of  animals  which  are  not  milk-fed,  and 
in  the  blood  of  organs  other  than  the  stomach,  suggests  that 
we  are  dealing  with  a  constituent  of  the  general  blood-stream 
irrespective  of  any  specific  action  of  milk. 

The  true  identity  of  rennin  is  shown  by  the  nature  of  the 
milk  clot  and  its  mode  of  formation. 


™  Bunge:   Loc.  cit.,  p.  109. 
"Stewart:   Loc.  cit.,  p.  304. 

"Harris:    Jour.  Anat.  and  Physiol.,  vol.  xxix,  p.  188,  1895. 
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Eef erring  to  milk-curdling,  HowelP"  says:  "The  whole 
process  resembles  the  clotting  of  the  blood  not  only  in  the  su- 
perficial phenomena,  but  also  in  the  character  of  the  chemical 
changes."  Granting  that  caseinogen,  as  its  name  implies,  is 
a  zymogen  or  mother  substance  and  that  it  is  an  homologue  of 
fibrinogen,  we  are  brought  to  assimilate  rennin  to  fibrin  fer- 
ment. Yet,  Moro  and  Hamburger  have  suggested,  on  the  basis 
of  their  experiments,  that  milk  might  also  contain  fibrin  fer- 
ment. Moreover,  we  have  seen  that  the  presence  of  oxidase 
— fibrin  ferment — has  been  made  evident  by  the  guaiac  test 
(Arthus),  thus  confirming  Moro  and  Hamburger's  surmise.  If 
coagulation  were  ascribed  to  fibrin  ferment,  therefore,  the  pro- 
cess would  have  to  be  explained  by  an  increase  in  the  relative 
proportion  of  the  latter  in  the  milk — an  obvious  fallacy. 

Fibrinogen,  on  the  other  hand,  meets  all  the  needs  of  the 
phenomena  witnessed.  It  is  not  a  normal  constituent  of  milk, 
but  a  sine  qua  non  of  the  blood  coagulation.  The  fibrin  ferment 
being  present  in  milk,  the  addition  of  fibrinogen  causes  coagula- 
tion simply  because  it  re-establishes  conditions  as  they  were  in 
the  blood-stream — conditions  which  it  is  the  function  of  the 
mammartj  glands  to  prevent.  This  explains  why  "rennin"  is 
found  in  the  blood  of  some  plants,  fishes  and  birds,  and  in  or- 
gans which  should  not  contain  it  according  to  the  prevailing 
doctrine,  and  why,  also,  fibrinogen,  a  constituent  of  the  general 
blood-stream,  can  act  as  rennin. 

Again,  fibrinogen  is  no  less  able  to  provoke  active  fermen- 
tation than  rennin.  The  fact  observed  by  Hammarsten,®"  for 
instance,  that  one  part  of  rennin  can  curdle  400,000  to  800,000 
parts  of  milk,  is  but  a  parallel  of  the  process  evoked  when  tryp- 
sinogen  and  the  nucleo-proteid-laden  enterokinase  combine  to 
form  the  trypsin.  The  mere  addition  of  a  small  amount  of 
mother  substance  to  a  fluid  containing  ferment  suffices  to  start 
this  action,  and  the  milk's  adrenoxidase  being  the  fibrin  fer- 
ment, a  small  quantity  of  fibrinogen  (plus  calcium  salts)  suffices 
to  start  the  process  ascribed  to  rennin,  i.e.,  coagulation.  And 
this  process  differs  in  no  way  from  that  ascribed  to  the  latter: 
the  caseinogen  is  split  into  two  substances,  the  curd  (casein) 
and  a  soluble  proteid,  by  the  fibrin  ferment.    The  only  differ- 

Howell:    "Amer.  T.  B.  of  Physiol,"  vol.  i,  p.  295,  1900. 
s<*  Hammarsten :   Jahrb.  u.  d.  Fort.  d.  Thier.-Chem.,  Bd.  vii,  S.  166,  1877. 
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ence  in  the  clot  is  that,  as  already  stated,  it  is  not  filamentous  as 
is  the  fibrinous  blood-clot. 

This  interpretation  eliminates  all  the  discrepancies  which 
have  attended  rennin  from  the  start  and  which  have  never  been 
met. 

Thus,  we  have  seen  that  milk,  as  shown  by  Arnold,  Spol- 
verini,  Marfan,  Gillet,  Wender  and  others,  contains  oxidase, 
i.e.,  the  fibrin  ferment,  but  that  it  has  not  been  found  to  eon- 
tain  fibrinogen.  This  suggests  that  the  fluidity  of  the  milk  is  a 
physiological  necessity  which  the  glandular  elements  of  the 
mammary  glands  insure  by  preventing  the  access  to  it  of  this 
substance.    Under  these  circumstances,  it  becomes  evident  that: 

(1)  Rennin  being  fibrinogen,  the  addition  of  this  body  to  milk 
causes  clotting  because  adrenoxidase  is  present  in  the  latter. 

(2)  The  clotting  of  human  milk  when  hydrocele  fluid  is  added 
to  it  (Moro  and  Hamburger)  is  due  to  the  fact  that  the  latter 
contains  fibrinogen  while  the  former  contains  fibrin  ferment. 

(3)  The  clotting  of  milk  by  organic  and  blood  extracts  (Ed- 
munds) is  due  to  the  fibrinogen  combined  with  adrenoxidase 
which  all  such  extracts  contain.  (4)  The  clotting  of  milk  on 
adding  pancreatic  juice  (Eoberts,  Edkins,  Halliburton)  is  due  to 
the  presence  in  the  latter  of  adrenoxidase  and  of  the  fibrinogen 
combined  with  it.  (5)  Rennin  being  fibrinogen,  it  is  a  normal 
constituent  of  the  blood  of  invertebrates  and  of  the  fluids  of 
plants. 

On  the  whole,  it  seems  evident  that  such  a  ferment  as  ren- 
nin, for  which  no  specific  function  has  so  far  been  found,  does 
not  exist  as  a  separate  entity,  and  that,  wherever  it  is  associ- 
ated with  a  given  process,  the  role  ascribed  to  it  can  be  ful- 
filled by  fibrinogen. 

We  must  not,  however,  lose  sight  of  the  fact  that  fibrino- 
gen contains  several  substances.  Schafer,**^  for  instance,  states 
that  "fibrinogen  is  probably  a  mixture,  or  loose  combination,  of 
at  least  three  substances:  (1)  Fibrinogen  proper,  coagulating 
at  56°  C,  (2)  the  globulin  described  by  Hammarsten  and  termed 
fibrino-glohulin,  coagulating  at  65°  C,  (3)  a  nucleo-proteid." 

With  which  of  these  constituents  does  rennin  correspond? 

Rennin  is  evidently  not  adrenoxidase,  which,  we  have  now 


81  Schafer:  Loc.  cit.,  vol.  i,  p.  165. 
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seen  repeatedly,  resists  all  temperatures  up  to  100°  C,  the  boil- 
ing point,  for  Hammarsten  states**-  that  "if  an  active  and 
strong  infusion  of  the  gastric  mucosa  in  water  containing  3  per 
mille  hydrochloric  acid  is  heated  to  37-40°  C.  for  48  hours,  the 
rennin  is  destroyed,  while  the  pepsin  remains."  In  neutral 
solution,  however,  rennin  is  only  destroyed  at  70°  C. 
Is  it  fibrinogen  proper? 

While  fibrin  is  formed,  as  is  well  known,  when  blood  is  with- 
drawn from  the  vessels,  Alex.  Schmidt  observed  that  pericardial, 
ascitic  and  other  fluids  did  not  coagulate  spontaneously  notwith- 
standing the  presence  of  fibrinogen  in  them,  but  that  they  did 
so  on  the  addition  of  blood-plasma.  He  attributed  this  result 
to  a  combination  of  the  serum-globulin  and  fibrin  ferment. 
Hammarsten*^  showed,  however,  that  serum-globulin  played  no 
role  in  fibrin  formation,  and  that  by  half  saturating  blood- 
plasma  with  sodium  chloride,  a  precipitate  was  obtained,  "fibrin- 
ogen proper,"  which  by  the  action  of  Schmidt's  fibrin  ferment 
was  converted  into  fibrin.  Fibrin  ferment  being,  as  we  have 
seen,  adrenoxidase,  the  formation  of  fibrin  suggests  itself  as 
another  example  of  the  influence  of  the  adrenoxidase  on  a  zymo- 
gen. It  becomes  a  question,  therefore,  whether  fibrinogen 
proper  actually  plays  the  same  role  here  that  trypsinogen  does 
in  the  building  up  of  trypsin. 

If  such  is  the  case,  the  third  constituent  of  the  triad  we 
have  met  in  all  ferments  so  far  studied  should  also  be  present, 
i.e.,  nueleo-proteid.  That  it  is  present  is  strikingly  shown 
by  the  following  quotation :  "Fluids  which  collect  in  the  serous 
cavities  of  the  body  (pericardial  fluid,  hydrocele  fluid,  ascitic 
fluid)  frequently  contain  no  leucocytes,"  writes  Schafer.** 
"When  this  is  the  case,  they  are  also  devoid  of  nucleo-proteid 
and  of  the  'property  of  spontaneous  coagulation,  although  they 
contain  fibrinogen."  It  is  evident,  therefore,  that  coagulation 
cannot  occur  without  nucleo-proteid.  Indeed,  coagulation  occurs 
whether  this  body  be  derived  from  the  blood  or  from  the  cellular 
elements.  Buchanan*"  found  that  extracts  of  lymphatic  glands 
and  various  tissues  caused  coagulation.    "But  it  is  only  quite 


'2  Hammarsten:   Loc.  cit.,  p.  305. 

"Hammarsten:   Arch.  f.  d.  ges.  Physiol.,  Bd.  xix,  S.  563,  1879. 
"Schafer:    Loc.  cit.,  vol.  i,  p.  165. 
Buchanan:   cited  by  Schafer:    "T.  B.  of  Physiol.,"  vol.  i,  p.  168,  1898. 
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recently/'  says  Schafer,  "that  the  active  substance  extracted 
by  Buchanan  has  been  examined  and  found  to  belong  to  the 
class  of  bodies  known  as  nucleo-proteids."  From  this  stand- 
point, therefore,  fibrinogen  proper  (rennin)  asserts  itself  as  a 
zymogen. 

This  is  shown,  moreover,  by  the  chemical  connection  be- 
tween nucleo-proteid  and  fibrinogen  proper.  These  two  bodies 
are  closely  linked  in  their  solutions  and  may  be  precipitated  by 
the  same  agents.  "The  nucleo-proteid  is  precipitated  from  oxa- 
late plasma  by  allowing  it  to  stand  for  twenty-four  hours  at  0° 
C",  writes  Schafer.  "The  addition  of  acetic  acid  also  throws 
it  down  but  not  in  its  pure  form,  for  fibrinogen  is  carried  along 
down  with  it."  This  represents  undoubtedly  the  compound  met 
with  in  all  the  reactions  previously  considered,  for  the  same 
author  says,  "Fibrin  obtained  by  whipping  blood  leaves  a  con- 
siderable phospJiorus-containing  residue  (nuclein)  after  subjec- 
tion to  peptic  digestion." 

Rennin,  as  studied  from  various  standpoints,  thus  asserts 
itself  as  a  zymogen  fibrinogen  proper,  which  becomes  active  when 
nucleo-proteid  and  fibrin-ferment  (adrenoxidase)  are  present — 
all  constituents  of  the  blood.  Hence  its  behavior  precisely  as 
if  it  were  a  bona  fide  enzyme  such  as  trypsin — in  the  light  of  pre- 
vailing views.  That  no  satisfactory  function  has  been  found 
for  it  in  the  stomach  is  also  explained:  the  zymogen  itself,  i.e., 
the  fibrinogen  proper,  is  not  a  usual  constituent  of  the  gastric 
juice,  although  both  nucleo-proteid  and,  as  we  will  see,  fibrin 
ferment  are.  Indeed,  this  becomes  evident  when  we  take  into 
account  the  mode  of  preparation  of  "rennin,"  viz.,  by  infusion 
either  of  the  stomach  or  of  its  mucosa,  or,  in  other  words,  of  tis- 
sues rich  in  blood  and  leucocytes,  and  therefore  rich  in  fibrin- 
ogen, including  its  zymogen,  fibrinogen  proper.  This  does  not 
invalidate  the  fact  that  gastric  juice  itself  may  provoke  coag- 
ulation, since  it  contains  nucleo-proteid  while  fibrinogen  proper 
and  fibrin  ferment  are  ubiquitous  constituents  of  blood  from 
which  its  fluids  are  derived.  What  it  does  show,  however,  is 
that  the  gastric  juice  does  not  include  as  a  functional  entity  an 
autonomous  ferment  such  as  "rennin,"  which  has  no  existence 
as  such. 

Direct  experimental  evidence  to  the  latter  effect  was  re- 
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cently  contributed  by  Pawlow  and  Paras tschuk*"  which  led  to  the 
conclusion,  previously  formulated  by  Danilewsky,  that  the  coag- 
ulation of  milk  is,  from  the  standpoint  of  the  experimenter,  an 
accidental  expression  of  a  general  reaction,  and  that  a  separate 
and  individual  milk-curdling  ferment  does  not  exist.  They  fail, 
however,  to  show  the  cause  of  the  coagulation,  attributing  it 
theoretically  with  Danilewsky  to  some  constituent  developed  dur- 
ing the  digestion  of  proteids  by  pepsin  and  forming  part  of  the 
latter. 

My  own  view  that  the  coagulation  of  milh  attributed  to 
rennin  is  in  reality  due  to  the  ferment  which  causes  coagulation 
of  the  blood,  and  that  "rennin"  is  one  of  the  constituents  of  this 
ferment,  i.e.,  fibrinogen  proper,  a  zymogen,  is  not  only  sustained, 
we  have  seen  by  considerable  direct  and  indirect  evidence,  but 
the  active  agent  it  introduces  is  one  which  logically  meets  the 
needs  of  the  process. 

All  this  has  also  served  to  show  (1)  that  the  zymogen  of 
coagulation  is  fibrinogen  proper;  (2)  that  like  all  other  fer- 
ments, the  coagulating  ferment  is  composed  of  this  zymogen, 
nucleo-proteid  and  adrenoxidase ;  (3)  that  fibrinogen  proper 
not  being  itself  a  ferment,  it  is  activated,  like  the  pancreatic  zy- 
mogens, by  the  adrenal  ferment  in  the  adrenoxidase  with  which 
it  is  combined;  and  (-1)  that  the  coagulating  ferment  acquires 
its  properties  as  such  from  the  adrenal  ferment  of  the  adrenoxi- 
dase it  contains. 

THE  ACTIVE  PRINCIPLE  OP  ADRENOXIDASE  AS  THE 
FERMENT  OF  PEPSIN. 

The  presence  of  adrenoxidase  and  nucleo-proteid  in  the 
gastric  juice  and  in  pepsin  is  shown  by  direct  and  indirect  evi- 
dence. 

As  to  adrenoxidase,  Schoenbein*'^  found  that  the  gastric 
juice  gives  a  blue  coloration  with  guaiac.  We  have  seen,  in  the 
case  of  other  ferments,  tliat  fermentation  in  which  oxidases  took 
part  was  attended  by  an  output  of  COo.  Bunge®*  states  that 
"the  gases  which  are  formed  by  the  process  of  fermentation 
in  the  stomach  are  carbonic  acid  gas,  hydrogen,  and  marsh  gas." 


8"  Pawlow  and  Parastschuk:   Zeit.  f.  physiol.  Chemie,  Bd.  xlii,  S.  415,  1904. 
"  Schoenbein:   Loc.  cit. 
ssBunge:   Loc.  cit.,  p.  143. 
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He  also  refers  to  a  case  of  dilatation  of  the  stomach  studied  by 
Kuhn**  in  which  "one  liter  of  gastric  contents  developed  four 
liters  of  gas  in  four  hours  when  kept  outside  of  the  body  at  the 
body  temperature."  This  gas  was  found  to  contain  twenty  per 
cent,  of  carbon  dioxide. 

The  presence  of  nueleo-proteid  is  as  evident.  Thus  Nencki 
and  Sieber""  found  nucleo-proteid  in  the  gastric  juice.  Moore, 
moreover,  states  that  while  in  pure  gastric  juice  the  acidity  is 
due  chiefly  to  hydrochloric  acid,  it  is  also  due  "in  part,  to  acid 
phosphates  and  phosphoric  acid." 

The  following  lines  of  Hammarsten®^  are  striking  in  this 
connection,  when  we  consider  that  the  presence  of  such  a  sub- 
stance as  adrenoxidase  was  not  suspected  by  the  author:  "As 
chief  organic  constituent,  perfectly  fresh  gastric  juice  (of  dogs) 
contains  a  very  complex  substance  (or  perhaps  a  mixture  of  sub- 
stances) which  coagulates  on  boiling  and  which  separates  on 
strongly  cooling  the  juice.  This  substance  is  considered  by 
certain  experimenters  (Nencki  and  Sieber,  and  Pawlow)  as  the 
conveyer  of  the  several  ferment  actions  of  the  gastric  juice,  i.e., 
the  pepsin  as  well  as  the  rennin  action."  By  "conveyor"  is 
meant  "transmitter,"  the  characteristic  property  of  the  adren- 
oxidase acting  as  a  catalytic  in  relation  to  ferments  in  general, 
its  identity  as  such  being  further  shown  by  its  coagulation  tem- 
perature, the  boiling  point.  With  Sehoenbein's  observation 
that  the  gastric  juice  gave  the  blue  coloration  to  guaiac,  the 
evidence  that  the  gastric  juice  contains  what  might  be  termed 
"gastrokinase"  as  a  counterpart  of  Pawlow's  enterokinase,  may 
be  considered  as  conclusive.  Its  purpose  is  evidently  the  same 
as  the  latter,  since,  as  stated  by  Landois,"^  "the  glands 
themselves  contain  no  pepsin  but  only  a  zymogen,"  i.e.,  pep- 
sinogen. 

The  composition  of  pepsin  also  coincides  with  that  of  tryp- 
sin. As  to  the  pepsinogen,  Edkins"**  states  that  "though  the 
chief  cells  will  yield  pepsin,  yet  they  do  not  actually  contain 
pepsin.  If  the  granules  then  are  connected  with  pepsin,  it 
must  be  in  some  antecedent  form.    The  probable  explanation 

8»Kuhn:    Zeit.  f.  klin.  Med.,  Bd.  xxi,  S.  584,  1892. 

»"  Nencki  and  Sieber:    Zeit.  f.  physiol.  Chemie,  Bd.  xxxii,  S.  291,  1901. 
»'  Hammarsten:    Loc.  cit.,  p.  298. 
o^Landois:   Loc.  cit.,  p.  293. 

•sEdkins:   Schafer's  "T.  B.  of  Physiol.,"  vol.  i,  p.  532,  1898. 
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of  this  is  that  the  granules  of  the  chief  cells  consist  wholly  or 
in  part  of  pepsinogen,  the  precursor  of  pepsin."  Hammarsten®* 
regards  as  "proved"  the  statement  of  Schiff"^  that  there  exists 
"a  substance  forming  pepsin,  a  pepsinogen  or  propepsin." 

The  presence  of  the  adrenoxidase  is  evident.  We  have  al- 
ready seen  that  Nencki  and  Sieber,  and  Pawlow,  have  ascribed 
to  what  they  consider  the  chief  organic  constituent  of  fresh 
gastric  juice,  the  function  of  a  "transmitter"  or  catalytic,  pepsin 
being  mentioned  as  one  of  the  bodies  influenced.  This  catalytic 
body  was  said  to  be  destroyed  when  boiled,  thus  indicating  its 
identity  as  the  active  principle  of  an  oxidase,  i.e.,  adrenoxidase. 
That  the  latter  is  intimately  connected  with  pepsin  is  also  shown 
by  the  fact  that  it  meets  the  tests  which  indicate  the  presence 
of  its  active  principle,  i.e.,  that  of  the  adrenal  secretion.  Thus, 
Glaessner****  found  in  the  pyloric  end  of  the  stomach  what  he 
termed  "pseudopepsin,"  which  in  turn  yielded  tryptophan  (Neu- 
meister).  This  substance  is  even  now  of  unknown  composition, 
though  found  in  the  pancreatic  juice  over  seventy  years  ago  by 
Tiedemann  and  Gmelin."'^  When  compared  with  the  character- 
istic tests  of  adrenal  extract  the  correspondence  is  suggestive: 
both  tryptophan  and  adrenalin  become  rose-red  on  the  addition 
of  chlorine  water;  they  both  react  in  the  same  manner  to  a 
bromine  solution.  Both  are  but  slightly  soluble  in  ordinary 
alcohol.  Again,  Hammarsten"^  states  that  pepsin  "is  as  diffi- 
cult to  isolate  in  a  pure  condition  as  other  enzymes."  This  ac- 
counts for  the  fact  that  all  the  soluble  ferments,  including  pep- 
sin, were  found  by  Schoenbein,  Fliigge,  Epstein,  Jacobson  and 
others  to  decompose  hydrogen  peroxide,  and  by  Schoenbein  and 
others  to  give  the  guaiac  blue  reaction — additional  proof  that 
the  contaminating  substance  is  adrenoxidase. 

As  to  the  nucleo-proteid,  Hammarsten*"  states  that  while 
an  extra-pure  pepsin,  i.e.,  that  of  Pekelharing,  "was  free  from 
phosphorus  and  yielded  no  nucleo-proteid,"  thus  pointing  to  the 
latter  as  a  possible  contaminating  body,  "pepsin,  according  to 


"*  Hammarsten :   Loc.  fit.,  p.  307. 

Schiff:    "LeCons  sur  la  physiol.  de  la  digestion,"  Florence,  1867. 
Glaessner:    Hotmeister's  Beitrage  z.  Chem.  u.  Physiol,  u.  Path.,  Bd.  1, 
1901-02. 

•"Tiedemann  and  Gmelin:  "Recherches  exp6r.  physiol.  et  chim.  sur  la  di- 
gestion, etc.,"  1827. 

Hammarsten :   Loc.  cit.,  p.  299. 
°' Hammarsten :   Loc.  cit.,  p.  300. 
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Nencki  and  Sieber,  was  rich  in  phosphorus  and  contained  nu- 
cleo-proteid.'^ 

In  the  presence  of  all  these  tests — those  pertaining  to  pep- 
sin confirming  the  data  atEorded  by  those  upon  the  gastric  juice 
— it  is  difficult  to  escape  the  conclusion  that  pepsin  is  built  up  in 
the  same  manner  as  trypsin,  pepsinogen  replacing  trypsinogen, 
and  that  it  owes  its  ferment  to  its  adrenoxidase.  We  may  con- 
clude therefore,  (1)  that  the  gastric  zymogen,  pepsinogen,  is 
converted  into  pepsin  by  combining  with  adrenoxidase  and 
nucleo-proteid;  (3)  that  pepsinogen  is  activated  by  the  joint 
action  of  adrenoxidase  and  nucleo-proteid;  and  (3)  that  pepsin 
acquires  its  property  as  a  ferment  from  the  adrenal  ferment  of 
the  adrenoxidase  it  contains. 

THE   ADRENAL   ACTIVE    PRINCIPLE   AS   THE    FERMENT  OF 
FERMENTS;    AND    ALL   HYDROLYTIC    FERMENTS  AS 
COMPOUND  BODIES  CONTAINING  A  ZYMOGEN, 
NUCLEO-PROTEID    AND  ADRENOXIDASE. 

Having  ascertained  the  general  composition  of  the  various 
hydrolytic  ferments,  it  becomes  a  question  whether  the  con- 
clusions reached  are  in  accord  with  what  data  the  direct  analy- 
ses of  these  ferments  have  furnished.  That  they  harmonize 
is  shown  in  the  following  pages. 

B.  Moore,^""  in  a  recent  work  (1906),  says :  "Little  is  known 
regarding  the  chemical  nature  of  enzymes,  because  all  attempts 
to  isolate  them  in  a  state  of  purity  have  hitherto  failed.  In 
fact,"  adds  the  author,  "there  is  nothing  to  give  certainty  that 
at  the  end  of  any  process  the  product  in  the  case  of  such  com- 
plicated substances  is  pure."  Still,  he  also  states  that  "in  ele- 
mentary composition  the  enzymes  do,  however,  resemble  the 
proteids  more  than  any  other  class  of  bodies."  As  this  state- 
ment applies  to  hydrolytic  ferments  in  general,  we  may  infer 
that  all  these  ferments  contain  proteids — in  accord  with  the 
direct  evidence  I  have  submitted  in  the  present  chapter. 
Again,  Moore  refers  only  to  simple  proteids  while  those  we 
found  in  the  various  ferments  were  invariably  the  phosphorus- 
laden  nucleo-proteid.  Eecent  labors  have  shown  that  the  pro- 
teids bound  up   with   ferments   contain   phosphorus.  "Ma- 

100  B.  Moore:  Hill's  "Recent  Advances  in  Physiol,  and  Bio-Ctiem.,"  p.  117, 
1906. 
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callum  has  shown  microchemically,"  says  an  editorial  writer/"'- 
"that  phosphorus  is  closely  associated  with  the  formation  of 
zymogen  granules  in  cells,  which  seem  to  be  started  in  the  nu- 
cleus, and  there  are  many  other  observations  suggesting  that 
certain  ferments  are  closely  related  to  the  nucleo-proteids. 
This  is  particularly  true  of  the  oxidases."  We  may  conclude, 
therefore,  in  view  of  the  presence  of  nucleo-proteid  in  all  the 
ferments  studied  in  this  chapter,  that  the  proteids  present  in 
the  ferments  in  general,  as  implied  by  Moore,  are  nucleo-pro- 
teids. 

The  presence  of  zymogens  in  hydrolytic  ferments  needs 
hardly  to  be  emphasized.  After  referring  to  the  fact  that 
Langley  discovered  pepsinogen  and  Heidenhain  trypsinogen, 
Moore  says,  that  "since  then,  the  existence  of  a  pro-ferment 
[z}-mogen]  has  been  shown  for  most  of  the  enzymes."  This 
applies  to  all  the  ferments  we  have  reviewed. 

The  presence  of  the  third  constituent,  adrenoxidase,  may 
be  shown  by  tracing  to  its  source  the  characteristic  property  of 
ferments,  catalysis.  Here,  again,  as  we  have  seen,  Moore^"^ 
speaks  of  ferment  actions  as  being  "such  catalytic  reactions,"  thus 
characterizing  catalysis  as  a  property  of  all  ferments.  To 
which  of  the  three  constituents  can  we  attribute  this  property  ? 

That  the  nucleo-proteid  need  not  be  considered  as  a  pos- 
sible factor  in  this  connection  is  obvious.  Neither  does  the 
zymogen  possess  fermentative  activity.  Thus,  Moore  writes: 
"These  zjTnogens,  as  has  been  stated,  are  inactive  while  in  the 
cell  and  exist  in  granular  form  visible  under  the  microscope; 
they  are  converted  into  the  active  form,  either  at  the  time  of 
secretion  or  later,  on  coming  in  contact  with  certain  substances 
which  have  been  termed  zymo-excitators,  or,  in  certain  cases, 
kinases."  He  then  refers  to  PawloVs  enterokinase  as  an  ex- 
ample of  these  agents,  and  to  the  belief  of  this  investigator  that 
this  body  is  a  "ferment  of  ferments."  It  is  to  enterokinase, 
therefore,  that  we  are  relegated  for  the  agent  which  confers  the 
properties  of  a  ferment  upon  the  zymogen. 

To  the  questions :  what  is  the  agent  in  enterokinase  which 
endows  trypsinogen  with  the  properties  of  a  ferment,  and  what 


Editorial,  Jour.  Amer.  Med.  Assoc.,  Feb.  17,  1906. 
Moore:    Schafer's  "T.  B.  of  Ptiysiol.,"  vol.  i,  p.  ai7,  1898. 
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is  the  source  of  this  agent,  however,  no  answer  is  vouchsafed. 
These  features  of  the  problem  do  not  seem  to  have,  so  far,  en- 
gaged the  attention  of  investigators.  Indeed,  though  Dele- 
zenne,  Camus  and  Gley  and  others  were  led  experimentally  to 
agree  with  Pawlow  as  to  the  effects  witnessed,  some  contend 
that  they  are  not  due  to  a  ferment.  A  suggestive  fact  asserts 
itself  in  this  connection,  however,  viz.,  that  the  main  objections 
that  have  been  raised  are  annulled  when,  in  accord  with  my 
own  view,  adrenoxidase  is  considered  as  one  of  the  constituents 
of  the  "ferment  of  ferments."  Thus  Delezenne  and  Dastre^"^ 
deny  that  it  is  a  ferment,  but  regard  it  "as  an  'amboceptor,'  in 
the  language  of  Ehrlich,  which  serves  to  link  together  the  at- 
tacked proteid  and  the  trypsinogen  and  so  invokes  the  proteid 
cleavage."  Now,  we  have  seen  that  adrenoxidase  is  Ehrlich's 
amboceptor  and  that  it  becomes  linked  with  trypsinogen  to 
cleave  the  proteid.  If  we  asked  Delezenne  and  Dastre  to  point 
to  the  constituent  of  the  "amboceptor"  which  brings  about 
such  a  result,  their  answer  could  only  be  that  of  Ehrlich,  i.e., 
that  the  nature  of  this  body  is  unknown.  "Proteid  cleavage" 
whenever  witnessed  in  the  organism  is  due  to  hydrolysis  pro- 
voked by  a  ferment;  can  they  assert  that  we  have  here  an  ex- 
ception to  this  rule?  Not  without  introducing  suppositious 
postulates — a  weak  weapon  to  offset  the  mass  of  evidence  I  have 
adduced  in  this  and  the  preceding  chapter  as  to  the  presence  of 
the  adrenal  active  principle  in  enterokinase.  Largnier  des  Bar- 
cels,  Biery  and  Henri^"*  have  also  pointed  out  as  evidence 
against  enterokinase  being  an  enzyme,  that  it  is  "much  more 
slowly  destroyed  by  heat  than  are  most  enzymes,"  all  having 
found  that  it  could  resist  boiling,  and  in  some  instances  higher 
temperatures.  We  have  seen  that  of  all  the  ferments,  that  con- 
taining the  adrenal  principle  is  the  only  one  which  remains 
unaffected  by  heat  up  to  the  boiling  point  and  that  it  can  even 
resist  the  latter  several  hours. 

That  we  are  dealing  with  a  ferment  is  emphasized,  more- 
over, by  direct  experimental  testimony.  "Bayliss  and  Star- 
ling," writes  Moore,  "have  brought  forward  strong  evidence  in 
favor  of  enterokinase  being  a  ferment.    Thus,  they  have  shown 


™  Delezenne  and  Dastre:   cited  by  Moore:   Hill's   "Recent  Advances  in 
Physiol,  and  Bio-Chemistry,"  p.  109,  1906. 
Biery  and  Henri:  Ibid. 
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that  there  is  no  stoichiometric  relationship  between  the  amount 
of  trypsinogen  and  the  amount  of  enterokinase  necessary  to 
activate  it,  as  little  as  0.0001  cubic  centimeter  of  an  active 
enterokinase  being  capable  of  activating  5  cubic  centimeters 
of  pancreatic  juice  provided  it  was  allowed  two  or  three  days 
to  act."  This  sustains  the  evidence  adduced  to  the  effect  that 
enterokinase  is  activated  by  a  ferment — that  to  which  secretin 
owes  its  activity  and  the  chemical  properties  of  which  are  pre- 
cisely those  of  the  active  principle  of  the  adrenal  secretion. 
The  conclusion  is  warranted,  therefore,  that  enterokinase  con- 
tains a  ferment  and  that  it  owes  its  property  as  a  "ferment  of 
other  ferments"  (Pawlow)  to  the  active  principle  which  its 
adrenoxidase  contains,  i.e.,  that  of  the  adrenal  secretion. 

Such  being  the  case,  we  are  brought,  by  the  evidence  sub- 
mitted in  this  and  the  previous  chapter,  to  consider  the  adrenal 
active  principle  as  the  sole  ferment  of  ferments.  Not  only 
have  we  seen  that  the  character  of  a  ferment  is  determined  by 
its  zymogen,  but  we  found  that  in  every  instance  it  was  the 
adrenal  principle  of  its  adrenoxidase  which  endowed  the  fer- 
ment molecule,  so  to  say,  with  the  characteristic  of  a  ferment. 

The  ability  of  the  adrenal  principle  to  carry  on  such  a  pro- 
cess is,  in  the  light  of  available  evidence,  beyond  question. 
Moore,^"^  we  have  seen,  states  that  ferments  are  catalytic 
agents,  adding,  however:  "But  when  we  say  that  ferments 
act  catalytically,  the  problem  of  how  they  act  is  by  no  means 
solved;  we  have  merely  found  a  name  for  it."  Now,  Loew^"* 
was  led  to  conclude  in  the  course  of  an  extensive  research  that 
"there  does  not  exist  a  group  of  organs  or  any  organ,  or  even 
a  single  vegetable  or  animal  cell  that  does  not  contain  some 
catalase," — a  conclusion  sustained  by  the  testimony  of  Ber- 
trand,  Abelous  and  Biarnes,  Phisalix,  Schmiedeberg,  Jaquet, 
Salkowski  and  other  investigators,  who  found  that  the  oxidases 
in  all  plants,  invertebrates  and  vertebrates  studied  by  them 
acted  as  catalytics. 

A  salient  feature  of  the  problem  left  in  abeyance  so  far 
requires  elucidation  at  this  time,  viz.,  the  independence  of  the 
catalytic  action  from  the  oxidizing  action  of  oxidases  observed 

"5  Moore:   Schafer's  "T.  B.  of  Physiol.,"  vol,  i,  p.  317,  1898. 
lo*  Loew :   Loc.  cit. 
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by  many  investigators,  and  which  led  Jolles^"^  to  conclude  that 
the  blood  contained  both  oxidases  and  catalase.  The  reason  for 
this  becomes  plain — in  the  light  of  my  views — when  it  is  borne 
in  mind  that  while  the  adrenoxidase  as  such  is  the  oxidizing 
body,  its  active  principle,  i.e.,  the  adrenal  active  principle,  is  the 
catalytic.  The  two  separate  functions  are  thus  fulfilled  by  the 
adrenoxidase,  its  active  principle,  embodied  in  the  adrenal  se- 
cretion, enabling  the  latter  to  take  up  the  oxygen  in  the  air  of 
the  pulmonary  alveoli  to  transfer  it  via  the  red  corpuscles  and 
the  blood-plasma  to  the  tissues.  It  is  strictly  as  an  "oxygen 
transmitter"  (using  Traube's  phrase)  therefore,  that  the  active 
principle  of  the  adrenals  behaves  in  the  process,  i.e.,  as  a  pure 
catalytic. 

Finally,  PoehP°*  wrote  recently,  referring  to  the  adrenal 
principle:  "This  body  brings  about  reduction  processes  when 
present  in  such  very  small  quantities  that  I  cannot  otherwise 
than  see  in  adrenal  (sic)  a  specifically  positive  katalysator  of 
such  processes.  If  we  observe  these  reactions,  we  must  con- 
clude that  we  have  here  no  ordinary  reagent,  that  is  to  say,  not 
a  chemical  body  which  enters  into  a  change  in  which  it  is  con- 
sumed itself,  but  on  the  contrary,  that  adrenal  is  a  real  kata- 
Ij'sator  which  undergoes  no  change."  Applying  this  concept  to 
the  human  adrenals,  the  strength  of  my  position  will  become 
apparent.  Indeed,  Jolles  has  not  only  ascertained,  as  previously 
stated,  that  the  human  blood  is  endowed  with  oxidizing  and 
catalytic  properties,  but  he  observed  that  these  properties  bear 
a  definite  relation  to  the  number  of  red  corpuscles  present, 
being  raised  in  proportion  as  their  number  is  increased.  As 
I  have  shown  that  these  corpuscles  are  storage-cells  for  adren- 
oxidase— the  albuminous  oxyhsemoglobin — the  cause  of  this  re- 
lationship is  self-evident,  provided,  however,  the  active  prin- 
ciple of  the  latter — that  of  the  adrenals — is  considered  as  a 
catalytic. 

From  all  directions,  therefore,  the  evidence  available  leads 
to  the  general  conclusion  that  the  active  principle  of  the  adrenal 
secretion  is  the  only  true  ferment  in  the  organism,  and  that  all 
bodies  now  known  as  hydrolytic  ferments  owe  their  activity  as 


"'JoIIes:  Miinch.  med.  Woch.,  Nov.  22,  1904. 
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such  to  the  adrenal  active  principle  which  one  of  their  constitu- 
ents, adrenoxidase,  contains. 

As  corollaries  to  this  fact,  additional  conclusions,  based 
on  the  evidence  recorded  in  the  present  chapter,  are  now  in  order : 

(1)  That  adrenoxidase  fulfills  two  functions  simultane- 
ously: (a)  that  of  catalytic,  carried  on  hy  the  active  principle  of 
the  adrenal  secretion  it  contains,  and  (&)  that  of  oxidizing  sub- 
stance, after  the  adrenal  secretion  has  become  oxygenized  in  the 
lungs,  and  converted  into  adrenoxidase. 

(2)  That  hydrolytic  ferments  are  composed  of  three  sub- 
stances: (a)  a  zymogen,  which  endows  the  ferment  with  its  spe- 
cific character;  (b)  adrenoxidase,  which  confers  upon  the  zy- 
mogen its  properties  as  a  ferment  and  catalytic;  and  (c)  nucleo- 
proteid,  the  phosphorus  of  which  by  combining  with  the  oxygen 
of  the  adrenoxidase  liberates  heat  energy  and  thus  governs  the 
activity  of  the  ferment. 

Concluding  Eemarks. — Since  Schwann,  in  1836,  demon- 
strated the  presence  of  pepsin  in  the  gastric  Juice,  many 
theories  have  been  introduced  to  account  for  the  process  of  fer- 
mentation. "The  general  point  of  view  regarding  the  mode  of 
action  of  enzymes  that  is  most  frequently  met  with  to-day," 
wrote  Howell  recently  (1905),"'  "is  that  advocated  especially 
by  Ostwald.  He  assumes,  reviving  the  older  view  (Berzelius), 
that  the  ferment  actions  are  similar  to  those  of  catalysis."  We 
have  seen,  however,  that  as  stated  by  Moore,  this  affords  only  a 
name  for  the  process.  The  identity  of  the  catalytic  agent,  its 
origin  in  the  body  and  the  manner  in  which  it  influences  the 
substances  with  which  it  is  linked  have  remained  unknown. 
These  three  cardinal  features  are  pointed  out  in  the  foregoing 
pages. 

Again,  Moore  wrote  recently  (1906):^^"  "Little  is  known 
regarding  the  chemical  nature  of  enzymes,  because  all  attempts 
to  isolate  them  in  a  state  of  purity  have  hitherto  failed."  The 
data  submitted  in  these  pages  also  indicate  why  laboratory 
methods  have  remained  sterile  in  this  connection,  viz.,  that  the 
bodies  which  have  been  regarded  as  ferments  (or  enzymes)  are 


109  Howell:    "T.  B.  of  Physiol.,"  p.  658,  1905. 

"0  Moore:   Hill's  "Recent  Advances  in  Physiol.  &c.,"  p.  117,  1906. 
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in  reality  not  ferments  at  all,  but  compounds  of  several  sub- 
stances having  marked  affinity  for  one  another,  and  formed  ad- 
ventitiously when  removed  from  their  normal  environment,  the 
living  body.  As  will  be  shown  in  the  next  chapter,  one  of  these 
substances,  proteid,  is  a  passive  constituent  of  these  so-called 
ferments,  while  the  three  others,  the  zymogen,  the  nuclein  and 
the  adrenoxidase,  are  active,  the  active  principle  of  adrenoxi- 
dase  remaining,  as  stated  above,  the  only  true  ferment. 

The  Teiads. — The  compounds  now  termed  "ferments" 
represent,  nevertheless,  aggregates  of  bodies  which  Jointly  take 
part  in  all  fermentative  processes,  and  it  is  necessary,  in  order 
to  interpret  satisfactorily  the  functions  in  which  they  take  part, 
to  treat  them  as  autonomous  entities.  Especially  is  this  desir- 
able in  view  of  the  fact  that  as  such  they  retain  the  specific 
properties  now  attributed  to  them  as  "ferments."  In  succeed- 
ing chapters,  however,  they  will  not  be  referred  to  as  ferments, 
but  as  "triads,"  each  being  composed  of  a  zymogen,  nuclein  and 
adrenoxidase.  To  indicate  the  specific  action  of  each  triad,  the 
familiar  terms  "proteolytic,"  "amylolytic,"  "lipolytic"  and  "gly- 
colytic" will  be  employed  as  qualifying  adjectives,  according  to 
whether  the  food-stuff  hydrolyzed  is  proteid,  starch,  fat  or  sugar. 
Thus  the  triad  which  acts  on  proteids  will  be  referred  to  as 
the  "proteolytic  triad ;"  that  acting  on  sugars  as  the  "glycolytic 
triad,"  etc. 


CHAPTER  XV. 


THE  ADEENAL  ACTIVE  PEINCIPLE  AS  THE  DYNAMIC 
ELEMENT  OF  LIFE  AND  THE  GRANULATIONS 
OF  LEUCOCYTES  AS  THE  LIVING 
SUBSTANCE. 

THE  LEUCOCYTES  AS  TISSUE  BUILDERS. 

Beddard,  referring  to  the  end-products  of  intestinal  diges- 
tion in  Leonard  Hill's  recently  published  (1906)  treatise, 
writes  "Our  knowledge  of  the  actual  path  taken  by  differ- 
ent substances  is  extremely  meagre.  We  know  that  the  prod- 
ucts of  fat  digestion  pass  into  the  epithelial  cells,  but  we  know 
nothing  of  the  path  taken  by  the  products  of  proteid  and  carbo- 
hydrate digestion." 

In  the  first  volume^  I  pointed  out  that  the  granulations 
of  the  leucocytes  played  a  far  more  important  role  in  phy- 
siological functions  than  was  credited  to  them  in  text-books, 
and  that  in  all  tissues  these  granulations  were  a  source  of 
energy  when  brought  into  contact  with  the  oxidizing  substance, 
i.e.,  adrenoxidase.  The  final  conclusion  submitted,  after  show- 
ing that  the  leucocytes  took  up  the  products  of  intestinal  diges- 
tion in  the  alimentaiy  canal  to  convert  them  into  granulations 
which  they  deposited  in  the  tissues,  was  that  these  cells  sup- 
plied "the  entire  organism  with  the  agencies  which  combine 
with  the  oxidizing  substance  to  insure  the  continuation  of  life 
and  the  efficiency  of  all  organic  functions."  Additional  re- 
searches have  only  served  to  strengthen  this  conclusion. 

A  bar  to  progress  in  our  knowledge  of  the  function  of 
these  minute  bodies  is  the  prevailing  view  that  "elementary 
granules  [the  granulations  of  leucocytes]  are  minute  particles 
of  proteid  matter,  probably  arising  from  the  disintegration  of 
white  corpuscles  or  of  the  blood-platelets."  That  leucocytes  do 
not  physiologically  yield  their  contents  by  becoming  decom- 

1  Beddard:  HiU's  "Recent  Advances  In  Physiology  and  Bio-Chemlstry,"  p. 
643,  1906. 

2  Cf.  vol.  i,  pp.  667  to  728. 
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posed  or  ruptured  in  the  intestinal  cavity  or  in  the  blood,  has 
been  repeatedly  emphasized.  Dastre,^  after  a  careful  review 
of  the  labors  of  other  investigators  and  personal  experiments, 
lays  stress  upon  "the  erroneous  character  of  the  classic  doc- 
trine," having  found,  in  accord  with  the  views  of  Buchner,  that 
leucocytes  were  not  the  fragile  cells  they  were  generally  be- 
lieved to  be.  Microscopical  observations  showed  that,  as  pre- 
viously observed  by  Hayem,  Eanvier  and  Stassano,  coagulation 
of  blood,  to  which  these  cells  are  known  to  contribute,  occurred 
without  any  destruction  of  leucocytes,  a  process  thought  neces- 
sary, according  to  the  prevailing  doctrine,  for  the  escape  of  the 
cell  contents.  Such  being  the  case,  he  was  led  to  ascribe  the 
elimination  of  fibrin-ferment  by  these  cells  to  osmosis.  Arthus* 
ascertained  experimentally,  however,  that  they  actively  secreted 
this  ferment.  "In  the  protection  of  the  organism  against 
hemorrhages,"  says  this  observer,  "leucocytes  play  a  secretory, 
active,  physiological,  role.  They  are  not  the  passive  agents 
which,  as  has  been  erroneously  supposed,  generate  fibrin-fer- 
ment by  cadaveric  destruction."  Indeed,  I  suggested  in  the 
first  volume^  that  the  networks  in  these  cells  are  canaliculi 
which  traverse  them  in  all  directions,  and  that  their  digestive 
vacuole,  their  nucleus,  and  their  canalicular  system  (the 
mitoma),  point  to  them  as  highly-organized,  though  diminutive, 
secreting  organs.  "The  various  ferments  they  contain,"  says 
Carles,  in  a  recent  work,^  "make  of  each  cell  a  minute  lab- 
oratory." 

Considerable  evidence  to  the  effect  that  leucocytes  are 
secretory  organs  is  afforded  by  the  researches  upon  the  identity 
and  functions  of  the  leucocytic  granules,  which  Hankin,  four- 
teen years  ago,  was  first  to  regard  as  secretory  products.  As 
we  have  seen,''  Kanthack,  Hardy  and  Keng  have  taken  much  the 
same  view.  No  less  an  authority  on  the  subject  than  Ehrlich 
also  considers  granidations  in  the  light  of  a  secretion,  and 
holds  that  certain  basophile  granules  constitute  a  preliminary 
step  (Vorstufe)  in  the  elaboration  of  typical  eosinophile  granu- 

1  Dastre:   C.  r.  de  la  Soc.  de  biol.,  vol.  Iv,  Nov.  14,  1903. 

*  Arthus:  IMd. 

"  Cf.  vol.  i,  pp.  667  to  728. 

°  Carles:    "Du  role  des  leucocytes  dans  rabsorption  et  1 'elimination,"  Paris, 

1904. 

'  Cf.  vol.  i,  pp.  679  et  seq. 
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lations.  That  they  are  developed  with  relative  suddenness 
from  non-granular  mononuclears,  and  that  they  are  constantly 
being  developed,  also  suggests,  according  to  Levaditi,^  that  they 
are  secretory  products.  Stokes  and  Wegefarth*  observed,  in 
blood  taken  from  some  500  patients,  that  at  35°  C.  the 
leucocytes  became  actively  amoeboid,  their  rapid  motions  re- 
sembling the  swarming  of  bees  around  a  bee-hive,  and  that 
after  this  the  number  of  free  granules  in  the  plasma  was  in- 
creased. Sangree^**  saw  eosinophile  granulations  leave  the  cell 
and  wander  away  oscillating  very  actively.  Bail^^  also  saw 
granulations  leave  the  periphery  of  the  cell.  Gulland^^  noted 
that  leucocytes  show  a  marked  tendency  to  leave  their  granules 
behind  them.  Finally,  Leo  Loeb^*  observed  that  if  a  cell  was 
drawn  out  with  a  needle,  in  order  to  produce  the  elimination 
of  a  widely  diffused  mass  of  granules,  many  granules  could  be 
"seen  to  move  very  actively." 

What  is  the  origin  of  these  granulations?  Are  we  dealing 
with  a  sui  generis  product  of  the  leucocytic  protoplasm,  or  with 
the  end-products  of  materials  ingested  by  the  cell?  If,  as 
shown  above,  we  have  abundant  proof  that  leucocytes  secrete 
their  granules,  we  have  in  phagocytosis  as  evident  a  demon- 
stration that  they  ingest  assimilable  materials;  and  if  to  this 
we  add  the  known  facts  that  they  contain  proteolytic  ferments, 
and  that  they  are  able  to  digest  what  they  ingest,  we  cannot 
but  conclude  that  their  granulations  are  elaborated  out  of  the 
materials  they  appropriate  while  carrying  on  their  function  as 
scavengers. 

This,  in  turn,  suggests  another  question:  May  the  food- 
materials  of  the  alimentary  canal  not  serve  as  their  main 
source  of  supply  for  this  purpose  ?  Not  only  do  the  leucocytes 
ingest  food-stuffs  in  the  intestinal  canal,  as  shown  below,  but 
also  the  "ferments,"  i.e.,  the  various  hydrolytic  triads  which 
carry  on  the  digestive  process  in  the  intestine,  to  continue  this 
process  in  their  digestive  vacuole  and  elaborate  granulations 
as  end-products. 

^Levaditi:    "Le  leucocyte  et  ses  granulations,"  Paris,  1902. 

"Stokes  and  Wegefarth:   Bull.  Johns  Hopkins  Hosp.,  Dec,  1897. 
loSangree:    Phila.  Med.  Jour.,  Mar.  12,  1898. 
"Bail:    Berl.  klin.  Woch.,  Oct.  11,  S.  887,  1897. 
i^Gulland:    Jour,  of  Physiol.,  vol.  xix,  p.  385,  1896. 
"Leo  Loeb:   Univ.  of  Penna.  Med.  Bull.,  Apr.,  1905. 
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According  to  present  teachings,  the  products  of  intestinal 
digestion  pass  into  the  general  circulation  in  liquid  form. 
Moore/*  for  instance,  says:  "The  new  materials  formed  by 
the  action  of  the  intestinal  epithelial  cells  on.  the  absorbed  prod- 
ucts of  digestion  pass  out  of  these  cells  into  the  lymphoid 
tissue  of  the  villus  underlying  them.  The  modified  carbo- 
hydrates and  proteids  pass  in  solution  into  the  lymph  which 
bathes  the  tissue,  and  in  soluhle  form  are  absorbed  by  the  capil- 
lary vessels  of  the  villus,  thus  passing  directly  into  the  portal 
circulation,  while  the  fats  leave  the  epithelial  cells  as  fat 
globules,  and  are  carried  as  such  past  the  capillary  network  of 
the  villus,  to  enter  the  lacteal  situated  in  the  axis  of  the  villus." 
Yet,  as  stated  by  other  physiologists,  Brubaker,^^  for  example, 
"the  mechanism  by  which  the  [epithelial]  cells  effect  this  pas- 
sage of  the  food  is  but  imperfectly  understood."  Indeed,  in 
a  recent  paper  (1905)  L.  Mendel,^"  reviewing  the  advances  in 
our  knowledge  of  the  chemical  processes  of  digestion,  remarked 
that  "beyond  the  intestinal  wall,  in  the  blood  and  lymph 
stream,  the  cleavage  products  seem,  for  the  most  part,  to  be 
missing."  This  fact,  in  itself,  affords  strong  evidence  in  favor 
of  my  view  that  proteids  are  supplied  to  the  tissues  in  the 
form  of  leucocytic  granules,  since  this  conception  involves  the 
ingestion  by  intestinal  leucocytes  of  the  cleavage-products  from 
the  alimentary  canal.  It  is  but  normal,  under  these  condi- 
tions, that  these  products  should  be  absent  from  the  blood  and 
lymph  streams.  Indeed,  Howell"  wrote  recently  (1905) :  "The 
form  in  which  proteid  is  absorbed  remains  ...  a  mystery." 

Twenty-five  years  ago  Hofmeister^^  compared  the  leucocyte 
to  the  red  blood-corpuscle,  the  white  cell  carrying  peptones  from 
the  intestinal  wall  to  the  tissues,  while  the  red  cell  carried 
oxygen  to  the  latter.  Laboring,  however,  under  the  impres- 
sion that  peptones  reached  the  tissues  as  such  and  in  fluid 
form,  being  liberated  by  the  leucocytes  in  some  unexplained 
way,  he  was  unable  to  defend  his  theory  successfully,  and  it  is 

"Moore:    Schafer's  "T.  B.  of  Physiol.,"  vol.  i,  p.  432,  1898. 

1=  Brubaker:    "Human  Physiology,"  eleventh  edition,  p.  115,  1902. 

"  L.  Mendel:   Med.  News,  May  20,  1905. 

"Howell:    "T.  B.  of  Physiol.,"  p.  716,  1905. 

18  Hofmeister:  Zeit.  f.  physiol.  Chem.,  Bd.  iv,  S.  253,  268,  1880:  Bd.  v.  S.  127, 
1881;  Bd.  vi,  S.  69,  1882. 
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now  but  rarely  referred  to.  A  view  similar  to  Hofmeister's 
was  recently  (1905)  advanced  by  Pavy.^* 

Hofmeister's  view  was  opposed  mainly  by  Neumeister^" 
and  Heidenhain/^  but  on  very  weak  grounds.  Moore,"^  for  in- 
stance, reviewing  the  evidence  against  Hofmeister's  conten- 
tion, says:  "In  the  first  place  proteid  is  not  absorbed  to  any 
appreciable  extent  by  the  lymphatics."  But  this  only  shows 
that  it  is  not  their  function  to  do  so ;  granular  leucocytes,  which 
are  known  to  contain  peptones,  being  present  in  the  intestine, 
thus  become  the  normal  absorbents.  The  second  reason  ad- 
duced is  that  "albumoses  are  not  changed,  as  Hofmeister  him- 
self has  shown,  in  the  blood,  which  contains  plenty  of  leuco- 
cytes." This  only  proves  that  it  is  the  function  of  the  leuco- 
cytes to  absorb  albumoses  in  the  intestinal  canal  but  nowhere 
else,  and  that  it  is  within  these  cells  that  the  albumoses  are 
changed.  The  third  reason  is  that  "Heidenhain  has  shown 
that  the  amount  of  leucocytes  in  the  wall  of  the  intestine  (and 
the  amount  of  active  mitosis  in  these)  is  too  small  to  render 
them  adequate  for  the  purpose."  This  is  an  invalid  conclusion 
unless  Heidenhain  can  give  the  actual  number  required  during 
the  digestive  process,  and  one  in  fact  contradicted  by  more 
recent  observations,  as  we  shall  see.  The  fourth  reason  is  that 
Shore^*  has  shown  that  "after  slow  injection  of  a  small  amount 
of  peptone  (.049  gramme)  into  a  lymphatic  of  the  hind-limb 
in  a  dog,  this  can  be  detected  again  in  the  course  of  twenty 
minutes  in  the  chyle  flowing  from  a  fistula  of  the  thoracic  duct, 
showing  that  it  has  traversed  the  lymphatic  system  unchanged." 
This  merely  affords  proof  that  the  lymph — and,  I  may  add,  the 
blood — are  not  media  in  which  the  digestive  leucocytes  ingest 
peptones,  and  that  the  only  organs  in  which  they  do  so  phy- 
siologically are  those  of  the  alimentary  canal,  viz.,  the  stomach 
and  intestinal  canal. 

Hofmeister  based  his  conception  that  these  cells  carried 
peptones  from  the  intestine  to  the  tissues  upon  (1)  the  pres- 
ence of  an  enormous  number  and  active  proliferation  of  leuco- 
cytes in  the  intestinal  wall  during  proteid  absorption;  (2)  the 

i»Pavy:    Transvaal  Med.  Jour.,  Oct.  1,  1905. 

^  Neumeister:    Zeit.  f.  Biol.,  Bd.  vl,  S.  277,  1888. 

21  Heidenhain:    Arch.  f.  d.  ges.  Physiol.,  Bd.  xliii,  Suppl.,  S.  69,  1888. 

^  Moore:   Loc.  cit.,  vol.  i,  p.  441. 

^  Shore:   Jour,  of  Physiol.,  vol.  xi,  p.  553,  1890. 
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increase  of  leucocytes  in  the  blood-stream,  which  follows  a 
proteid  meal;  and  (3)  the  marked  decrease  of  leucocytes  in  the 
intestinal  canal  during  fasting.  On  the  other  hand,  he  found 
no  peptone  in  the  blood-plasma,  and  it  is  now  a  recognized  fact 
that  neither  peptones  nor  albumoses  appear  as  such  in  the 
blood.  Indeed,  when  injected  into  the  latter,  it  is  not  assimi- 
lated and  is  excreted  in  the  urine  (Bunge).  Hofmeister  also 
found  peptones  in  blood-clots  where  leucocytes  had  accumu- 
lated, and  a  large  amount  of  peptones  in  the  spleen  where 
these  cells  were  correspondingly  numerous.  Moreover,  PohP* 
observed  an  increase  of  leucocytes  in  the  intestine  during  diges- 
tion when  the  meal  was  rich  in  proteids,  but  not  during  the 
digestion  of  carbohydrates,  fats,  salts  and  water.  He  found 
that  this  increase  during  the  digestion  of  proteids  was  due  to 
cells  which  migrated  from  the  intestinal  wall.  He  also  noted 
a  very  large  increase  of  leucocytes  in  the  intestinal  veins  dur- 
ing the  digestion  of  a  meal  rich  in  proteids,  over  and  above 
the  normal  number  of  cells  in  the  corresponding  arteries. 

Furthermore,  the  cells  are  traceable  beyond  the  in- 
testinal walls.  Goodall,  GuUand  and  Noel  Paton^^  found  ex- 
perimentally that  there  occurs  "during  digestion  a  slight  pre- 
liminary fall  in  the  total  number  of  leucocytes  in  the  blood- 
stream" (which  points  to  a  possible  concentration  of  the  ap- 
propriate leucocytes  towards  the  intestinal  structures)  ;  that  "a 
fairly  regular  rise  in  the  total  number  of  leucocytes  then  fol- 
lows and  the  maximum  in  about  four  hours  after  food";  that 
the  increase  "is  due  (a)  to  a  lymphocytosis  which  is  very  con- 
stant as  regards  its  incidence  and  degree,  (b)  in  the  majority 
of  cases  to  a  polymorphonuclear  leucocytosis."  Cabot^"  also 
states  that  the  increase  of  leucocytes  during  digestion  is  a 
polymorphonuclear  leucocytosis.  As  polymorphonuclears  are 
all  granulation-forming  cells,  it  is  evident  that  such  cells 
migrate  to  the  intestine.  In  the  first  volume,  I  attributed  to 
neutrophile  leucocytes  the  role  of  taking  up  food-products  from 
the  intestine  and  showed  that  as  lymphocytes  they  could 
originate  from  the  lymphatic  glands  of  the  intestine.    This  is 

2*Pohl:    Arch.  f.  exp.  Path.  u.  Pharm.,  Bd.  xxv,  S.  31,  1888. 

Goodall,  Gulland  and  Noel  Paton:  Jour,  of  Physiol.,  vol.  xxx,  p.  1,  1903. 
Cabot:    "Clinical  Examinations  of  the  Blood,"  1901. 
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sustained  by  Gulland's^^  researches,  which  have  shown  that 
"lymphocytes  are  the  precursors  of  all  forms,"  and  Escherich 
and  Schurg's-*  conclusion  that  lymphocytes  are  polynuclear 
leucocytes  with  neutrophile  granulations.  Neutrophiles,  as  is 
well  known,  are  by  far  the  most  numerous  of  the  leucocytes 
found  in  the  blood. 

Do  leucocytes  ingest  materials  in  the  intestinal  canal? 

The  investigations  of  Macallum^''  were  briefly  reviewed  in 
the  first  volume.  This  observer  having  administered  albu- 
minate of  iron  to  animals,  found  that  this  metal  was  "de- 
posited in  leucocytes."  These  iron-laden  cells  were  found  "be- 
tween the  epithelial  cells  of  the  tips  of  the  villi,"  and  even 
more  loaded  ones  were  observed  to  "form  a  cap,  as  it  were,  for 
the  extreme  end  of  the  lacteal  vessel."  He  remarks  in  this 
connection  that  "the  iron  of  these  cells  originates  from  the 
food  in  great  part,  for  if  the  animal  be  kept  without  food  for 
a  week,  the  tips  of  the  villi  give  but  a  feeble  reaction."  Ani- 
mals that  had  fasted  about  four  days  were  fed  with  commercial 
peptonate  of  iron,  100  to  200  grains  being  given  daily  for  three 
days.  The  intestinal  mucosa  down  to  the  distal  end  of  the 
small  intestine  became  black  when  placed  in  an  ammonium 
sulphide  solution,  thus  showing  that  the  iron  had  been  taken 
up  throughout  the  entire  length  of  the  small  intestine.  The 
leucocytes  were  again  found  on  the  tips  of  the  villi,  but  "others 
were  massed  below  and  in  great  numbers,  and  a  large  number 
had  wandered  between  the  epithelial  cells  in  such  a  way  as,  in 
many  of  the  villi,  to  displace  and  distort  the  cells."  In  an 
illustration  he  shows  three  cells,  "in  two  of  which  the  inner 
ends  appear  loaded  with  iron;"  these  were  fixed  "in  the  act  of 
transferring"  this  metal  "to  the  underlying  tissue."  This  evi- 
dently applies  to  food-stuffs  as  well,  for  Asher  and  Erdely*** 
found  that  while  proteids,  fats  or  carbohydrates  were  being 
fed  to  rats,  the  number  of  leucocytes  in  the  villi  was  increased. 

Macallum's  observations  were  confirmed  experimentally 
by  Cloetta.^^    They  not  only  support  those  of  Hofmeister  and 

^^Gulland:   Jour,  of  Physiol.,  vol.  xix,  p.  385,  1895-96. 

^Escherich  and  Schurg:   cited  by  Einhorn:   Post-Graduate,  July,  1906. 

^Macallum:   Jour  of  Physiol.,  vol.  xvi,  p.  268,  1894. 

30  Asher  and  Erdely:   Centralbl.  f.  Physiol.,  Bd.  xvi,  S.  705,  1903. 

31  Cloetta:   Arch.  f.  exp.  Path.  u.  Pharm.,  Bd.  xl,  S.  29,  1897. 
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Pohl,  but  are  themselves  indirectly  sustained  by  Metchnikoff/^ 
who  found  that  however  introduced  into  the  body — by  way  of 
the  skin,  the  peritoneum,  the  blood,  etc. — soluble  preparations 
of  iron  were  taken  up  by  leucocytes.  Kobert*^  also  observed 
that  a  soluble  saccharate  of  iron  was  at  once  absorbed  by  these 
cells. 

Macallum  noted,  moreover,  that  "in  all  the  preparations, 
the  epithelial  cells  themselves  were  comparatively  free  from 
the  iron  compound,"  and  that  in  sections  of  the  small  intestine 
of  lake  lizards,  fed  on  iron  albuminate,  the  leucocytes  were 
"loaded  with  an  excess  of  iron,  so  much  so  that  the  ammonium 
sulphide  gave  them  the  appearance  of  huge  collections  of 
greenish-black  granules."  That  the  epithelial  cells  only  play 
a  secondary  role  in  the  process  of  absorption  is  also  shown  by 
the  fact  that  Hoehhaus  and  Quincke**  found  in  a  series  of 
micro-chemical  experiments  that  the  iron  albuminate  was  pre- 
cipitated in  the  form  of  granules  among  the  epithelial  cells  of 
the  duodenum,  and  that  leucocytes  then  passed  these  granules 
to  the  center  of  the  villi.  In  Macallum's  illustration  the 
actual  transfer  is  clearly  depicted.  Macallum  then  found  the 
iron-laden  leucocytes  beyond  the  villi,  i.e.,  in  their  venules, 
in  the  capillaries  of  the  liver,  the  spleen,  etc.,  a  fact  which 
shows  that  these  cells  are  capable  of  taking  up  a  substance  in 
the  intestine  and  of  transferring  it  to  the  tissues. 

This  process  is  also  exemplified  by  the  absorption  of  fats. 
Thus,  in  the  first  volume  (1903),  I  stated  that  "while  leucocytes 
which  ingest  proteids  from  the  intestinal  food-stuffs  pass 
between  the  epithelial  cells  and  enter  the  venules,  the  leuco- 
cytes which  ingest  fats  only  carry  the  latter  from  the  inner 
limits  of  the  epithelial  cells  to  the  interior  of  the  lacteal,  and 
deposit  them  therein,"  and  that  other  leucocytes  took  them  up 
and  carried  them  to  the  tissues.  Schafer  (1885)  had  previously 
regarded  leucocytes  as  the  agents  in  fat  absorption,  while 
Eeuter  (1902)  found,  as  stated  by  Ferguson,^*'  fat  droplets 
"in  the  tissue  spaces  as  well  as  in  the  lymphatic  corpuscles  of 
the  diffuse  lymphoid  tissue."    As  the  latter  author  remarks, 

32  Metchnikoff:   Annales  de  I'Inst.  Pasteur,  vol.  viii,  p.  706,  1894. 

33  Robert:    Arb.  d.  pharmakol.  Inst.  z.  Dorpat,  S.  123,  1893  u.  1894. 

3*  Hoehhaus  and  Quincke:  Arch.  f.  exp.  Path.  u.  Pharm.,  Bd.  xxxvii,  S. 
159,  1896. 

3*a  Ferguson:    "Normal  Histology  and  Microscopical  Anat.,"  p.  298,  1905. 
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this  fact  "would  seem  to  indicate  that  other  agencies  aid  in 
the  transit  of  the  fat  from  the  epithelium  to  the  lacteal  than 
are  accounted  for  by  the  purely  mechanical  theory  of  Schafer/' 
In  truth,  Schafer's  view  differs  from  mine  only  in  that  he 
observed  the  first  part  of  the  process,  i.e.,  that  "leucocytes  by 
their  amoeboid  activity,  include  the  emulsified  droplets  in  the 
intestinal  lumen  and  convey  them  into  the  substance  of  the 
villi;"  while  mine  is  supplemented  by  the  second  phase  of  the 
process,  that  previously  witnessed  by  Keuter,  the  "lymphatic 
corpuscles"  being  the  leucocytes  which  I  had  traced  to  the 
thoracic  duct  and  thence  to  the  tissues. 

In  a  recently-published  text-book  of  physiology  (1905), 
Noel  Paton  writes:  "During  the  digestion  of  proteids  the 
number  of  leucocytes  is  enormously  increased,  sometimes  to 
more  than  double  their  previous  number,  and  in  all  probability 
it  is  they  which  carry  the  products  of  digestion  from  the  intestine." 
This  physiologist  also  says,  however:  "By  breaking  down  in 
the  blood-stream  they  probably  set  free  the  proteids  for  use  in 
the  tissues."  We  have  just  seen  that  the  leucocytes  need  not 
break  down,  while,  as  I  pointed  out  two  years  before  Paton's 
work  was  published,  they  convert  the  products  of  proteid 
digestion  into  granulations  and  carry  the  latter  to  the  tissue 
cells.  I  wrote  at  the  time  that  leucocytes  thus  "supply  the 
entire  organism  with  the  agencies  which  combine  with  the 
oxidizing  substance  [now  adrenoxidase]  to  insure  the  continua- 
tion of  life  and  the  efficiency  of  all  organic  functions." 

If  now  we  gauge  the  importance  of  these  facts  by  the  multi- 
plicity of  the  substances  which  leucocytes  are  able  to  ingest 
and  digest,  their  abilit}-  to  take  up  peptones  as  well  as  iron  in 
the  intestine  asserts  itself.  J.  Carles^*  (1904)  refers  to  the 
role  of  these  cells  in  the  body  as  "immense."  "Nothing  escapes 
these  scavengers  of  the  economy,"  says  this  author,  "muscular 
fibers,  red  corpuscles,  weakened  leucocytes  are  themselves  de- 
voured and  destroyed."  He  also  writes :  'Tjeucocytes,  in  fact, 
thanks  to  the  ferments  they  contain,  are  also  endowed  with  a 
most  active  transforming  activity.  A.  given  toxic  substance 
modified  by  them  becomes  capable  of  acting  as  their  own  food 
and  likewise  as  food  for  the  entire  organism."   Ehrlich  considers 


Carles:   Loc.  cit.,  pp.  7  and  9,  1904. 
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the  granulations  of  his  mastzellen  as  nutritive  reserves  which 
these,  and  perhaps  other  leucocytes,  transfer  to  the  connective 
tissue  spaces,  where,  according  to  his  view,  they  are  supposed 
to  accumulate. 

Evidently  Hofmeister  is  no  longer  alone  to  speak  of  the 
leucocytes  as  the  nutrient  cells  of  the  organism.  But  here  it 
is  necessary  to  recall  the  misleading  feature  of  his  conception: 
the  belief  that  the  leucocytes  supplied  liquid  peptones  to  the 
tissues.  I  was  first  to  point  out,  in  the  first  volume  of  this 
work,^®  which  appeared  in  January,  1903,  that  peptones  en- 
gulfed by  leucocytes  in  the  intestine  were  converted  into  prod- 
ucts suitable  for  assimilation  by  the  tissue  cells,  this  conclu- 
sion being  based  on  the  foundation  upon  which  Carles  also 
poises  his  statement,  viz.,  the  wonderful  "transforming  ac- 
tivity" of  which  leucocytes  are  capable  in  the  course  of  their 
function  as  phagocytes.  I  then  submitted^^  the  conclusion 
that  "the  granules  in  leucocytes  are  the  products  of  an  intra- 
cellular metabolic  process  and  represent  a  true  secretion." 

As  I  have  previously  stated,  the  intestinal  digestive  process 
is  continued  in  the  leucocytes.  The  end-product  of  the  intra- 
cellular digestion  is  then  built  up,  and  gradually  transferred  to 
the  periphery  of  the  cell,  as  explained  in  the  first  volume. 
That  the  intracellular  digestive  process  is  similar  to  that  in 
the  intestine  is  emphasized  by  the  fact  that,  as  shown  below, 
leucocytes  contain  the  constituents  of  the  pancreatic  juice,  i.e., 
the  various  zymogens  and  the  two  components  of  enterokinase, 
including  adrenoxidase. 

The  presence  of  adrenoxidase  is  demonstrable  in  various 
ways.  In  the  first  volume^^  I  stated — Ehrlich  having  found 
that  the  essential  conditions  to  methylene-blue  staining  were 
"oxygen  saturation  and  alkalinity"  (Barker) — that  the  fact  that 
leucocytes  took  this  stain  showed  they  contained  the  oxidizing 
substance  and  blood  salts.  I  sustained  this  conclusion  by 
showing  that  other  stains  endowed  with  reducing  properties 
were  taken  up  by  leucocytes.  That  these  cells  contain  the 
oxidizing  substance  is  conclusively  shown,  moreover,  by  the 


3»  a.  vol.  i,  pp.  668  et  seq. 
^  Cf.  vol.  i,  p.  682. 
S8  Cf.  vol.  i,  p.  540. 
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fact  that  Portier^"  found  that  leucocytes  contained  "oxidase" 
as  shown  by  the  guaiac  test,  an  observation  confirmed  by 
Brandenburg.*"  M.  Labbe*^  states  that  "the  coagulating  fer- 
ment of  the  blood,  fibrin-ferment,  is  secreted  by  leucocytes," 
and  he  refers  to  Hewson,*-  Briicke*^  and  Glenard,**  as  having 
demonstrated  this  fact  experimentally.  We  have  seen  that 
fibrin-ferment  as  shown  by  Arthus  gives  the  guaiac-blue  test. 
Labbe  also  states  that  the  researches  of  Portier,  Salkowski, 
Abelous  and  Biarnes  and  Brandenburg  have  shown  the  ex- 
istence of  oxidizing  ferment,  oxidase,  in  the  white  corpuscles. 

The  presence  of  nucleo-proteid  in  leucocytes,  whether  as 
such,  or  in  the  form  of  its  antecedents — the  phosphorus-laden 
side-chain  which,  by  combining  with  a  proteid  nucleus,  forms 
this  body  (Kossel) — is  also  evident.  Thus,  as  stated  by 
Schafer,*^  "in  plasma  obtained  by  subsidence  of  the  corpuscles, 
there  is  most  nucleo-proteid  in  the  lower  layers  which  contain 
most  leucocytes;  and  least  in  the  upper  which  contain  very 
few."  Again,  we  have  seen  that  nucleo-proteid,  as  shown  by 
Stassano  and  Billou,*''  was  present  in  enterokinase.  So  closely 
is  this  reproduced  in  leucocytes  that  Delezenne,*"  after  a  series 
of  experiments,  concluded  that  the  "cytase"  of  leucocytes  and 
enterokinase  were  identical. 

The  presence  of  trypsin  and  other  fennents  in  leucocytes 
is  now  recognized  as  a  fundamental  feature  of  phagocytosis. 
Metchnikofl:'s  "cytase"  is  regarded  by  him  and  by  Bordet  and 
others,  as  a  trypsin;  Kanthack  and  Hardy  also  attribute  the 
proteolytic  activity  of  leucocytes  to  soluble  ferments.  The 
more  recent  writers  refer  increasingly  to  the  presence  in  leuco- 
cytes of  such  a  ferment.  Thus,  Bulloch  states**  that  "thou- 
sands of  facts  point  to  the  conclusion  that  our  leucocyte-form- 
ing tissues  are  our  great  defensive  organs  against  parasitic  in- 
vasions," and  Beattie,*®  referring  to  leucocytes,  says,  "the  cells 
act  as  phagocytes.    They  englobe,  and  by  a  special  secretion  or 

3"  Portier:   Th&se  de  Paris,  1897. 

Brandenburg:    Miinch.  med.  Woch.,  Feb.  6,  S.  183,  1900. 
"  Labbe:    "Le  Sang,"  p.  42,  1902. 
^^Hewson:    Sydenham  Edition,  London,  1846. 
"Brucke:    Arch.  f.  path.  Anat.,  Bd.  xii,  S.  81,  172,  1857. 
"Glenard:    Bull,  de  la  Soc.   Chim.,  T.  xxiv.,  1875. 

Schafer:    Loc.  cit.,  vol.  i,  p.  165. 
"Stassano  and  Billou:   Lnc.  cil. 

"  Delezenne:    C.  r.  de  la  Soc.  de  biol.,  pp.  283,  591,  893,  1902. 
*8  Bulloch:    Brit.  Med.  Jour.,  Sept.  10,  1904. 
"  Seattle :    lUd.,  p.  586. 
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ferment  digest  other  cells  or  bacteria,"  etc.  That  trypsin  is 
the  bactericidal  agent  of  the  intestinal  tract  has  been  shown 
by  Charrin  and  Levaditi,  Zaremba  and  others,  as  stated  in  the 
first  volume.  Again,  while  Weil  and  Glerc^"  write  that  "leuco- 
cytes do  more  than  englobe  bacteria;  they  submit  them  to  a 
true  process  of  digestion,"  M.  Labbe^^  says,  after  referring  to 
the  oxidase,  fibrin-ferment,  etc.,  found  in  these  cells:  "They 
contain,  moreover,  a  fibrinolytic  ferment  (Leber,  Achalme),  a 
casein  ferment,  a  ferment  analogous  to  trypsin,  a  glycolytic  fer- 
ment (Arthus),  an  amylolytic  ferment  (Eossbach,  Zabolotny, 
Tarchetti),  a  lipasic  ferment,  which  as  shown  by  Poulain  plays 
an  important  role  in  the  assimilation  of  fats" — briefly  all  the 
hydrolytic  ferments  of  the  pancreatic  juice,  and,  therefore,  the 
various  triads  enumerated  at  the  end  of  the  preceding  chapter. 

The  analysis  of  the  question  being  continued  under  the 
next  heading,  the  following  are  submitted  as  preliminary  con- 
clusions: (1)  that  the  products  of  gastro-intestinal  digestion, 
i.e.,  the  peptones,  are  not,  as  now  taught,  absorbed  as  such  by  the 
intestinal  mucous  membrane;  (2)  that  they  do  not,  as  now  be- 
lieved, enter  the  fluid  portion  of  the  blood  and  lymph;  (3)  that 
they  are  taken  up  from  the  intestinal  canal  by  leucocytes — the 
digestive  leucocytes — which  then  enter  the  circulation ;  and  (4) 
that  after  terminating  the  digestion  of  peptones  ingested  by 
them,  the  leucocytes  convert  the  end-products  into  granulations, 
i.e.,  into  a  compound  suitable  for  assimilation  by  the  cells  of  the 
body  at  large. 

THE  GRANULATIONS  OF  LEUCOCYTES  AS  THE  GRANULES 
(MICROSOMES)  OF  TISSUE-CELLS. 

The  lymphatic  system,  as  is  well  known,  is  the  inter- 
mediary through  which  the  tissues  receive  their  nutrient  sub- 
stances. "In  order  to  nourish  the  tissues  of  the  body,"  writes 
Isaac  Ott,®^  "the  plasma  of  the  blood  is  constantly  being 
osmosed  through  the  capillary  walls  into  spaces  between  the 
cells  of  the  tissues.  Each  cell  is  thus  bathed  in  a  plentiful 
supply  of  plasma,  from  which  it  absorbs  what  is  needed  for  its 
nourishment.    This  escaped  blood-plasma,  together  with  some 

^  Weil  and  Clerc:   "La  leucocytose  en  clinique,"  p.  157,  1904. 
"  Labb§:    Loc.  cit.,  p.  43. 

»2  Isaac  Ott:   "T.  B.  of  Physiol.,"  p.  115,  1904. 
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white  cells  which  have  found  their  way  into  the  spaces,  con- 
stitute the  lymph."  Starling^*  also  concludes  that  the  only 
way  by  which  the  tissues  can  obtain  their  supply  of  proteid  is 
by  this  process. 

In  the  light  of  the  evidence  submitted  in  the  first  volume 
and  in  the  foregoing  section,  the  granulations  of  the  leucocytes 
— the  white  cells  referred  to  by  Ott — are  distributed  to  the 
tissue-cells.  This  necessitates  their  migration  through  the 
walls  of  the  blood-capillaries  into  the  lymph-spaces.  As  is  well 
known,  Cohnheim  showed  that  leucocytes  did  so  in  the  course 
of  inflammatory  processes — an  established  fact.  Now,  while 
Starling  states  that  "the  tissue  spaces,  which  are  filled  with 
lymph,  are  always  found  in  association  with  connective  tissue," 
Gulland'*  witnessed,  and  illustrates  in  his  paper,  a  leucocyte 
"fixed  in  the  act  of  passing  through  a  narrow  hole  between  two 
bundles  of  connective  tissue  and  dragging  behind  it  a  large 
number  of  granulations  in  a  network  of  fibers."  The  cell  was 
evidently  entering  the  lymphatics  to  become  one  of  the  many 
found  therein,  which  include,  as  stated  by  Klein,^^  "granular 
oxyphile,  basophile  and  amphophile  cells," — the  amphophiles  be- 
ing the  neutrophiles  which  I  regard  as  nutritive  leucocytes. 
The  fact  that  leucocytes  can  secrete  granules  in  lymph  is  shown, 
by  the  behavior  of  these  cells  in  the  alimentary  canal.  Thus, 
while  Hardy  and  Wesbrook,'®  we  have  seen,  observed  that  leu- 
cocytes "within  the  epithelium  or  the  lumen  of  the  gut"  showed 
a  marked  diminution  or  complete  disappearance  of  their  granu- 
lations, Hoppe-Seyler^^  found  that  the  intestinal  fluid,  apart 
from  its  ferments,  "was  identical  with  that  of  the  blood-plasma, 
and  of  lymph." 

Again,  there  is  a  distinct  relationship  between  the  diges- 
tive leucocytosis  and  the  Ijrmph  wave  accompanying  the  diges- 
tive process.  The  correspondence  between  the  fluctuations  of 
activity  of  the  digestive  process  and  the  amplitude  of  the  lymph 
wave  was  recently  emphasized  by  the  researches  of  G.  Oliver,^* 
which  showed  among  other  facts:  "that  as  the  digestive  wave 

"Starling:    Schafer's  "T.  B.  of  Physiol.,"  vol.  i,  p.  311,  1898. 
"Gulland:    Jour,  of  Phvsiol..  vol.  xix,  p.  385,  1896. 

Klein:    "Elements  of  Histology,"  1898. 
^  Hardy  and  Wesbroolt:    Jour,  of  Physiol.,  vol.  xviii,  p.  490,  1895. 
"  Hoppe-Seyler:    Physiol.  Chemie.  S.  27,  Berlin,  1881. 
"  G.  Oliver:   Lancet,  Oct.  3,  1903. 
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develops  the  blood  becomes  more  concentrated;  that  the  in- 
gestion of  food  produces  a  rapid  flow  of  lymph  into  the  tissue 
spaces;  that  there  is  complete  agreement  between  the  blood- 
pressure  and  the  exudation  of  lymph,"  and  finally  that  "the 
to-and-fro  transfers  of  fluid  from  the  capillary  to  the  tissue 
spaces  constitute  a  circulation  which  appears  to  sufiice  for  all 
the  requirements  of  metabolism  while  the  body  is  in  a  state 
of  rest."  That  this  coincides  with  a  corresponding  increase  of 
leucocytes  and  their  products  is  shown  by  the  familiar  digestive 
leucocytosis  which  is  especially  marked  after  the  ingestion  of 
proteids.  Thus,  as  Hammarsten"^"  states,  the  number  of  leuco- 
cytes may  be  increased  "after  a  meal  rich  in  proteid." 

That  the  granulations  of  leucocytes  are  present  in  all 
tissue-cells  and  that  they  constitute  therein  and  in  cells  in 
general  what  has  been  termed  their  "granules"  or  "micro- 
somes," is  sustained  by  considerable  direct  and  indirect  evi- 
dence. 

It  is  now  generally  recognized  that,  notwithstanding  the 
complex  functions  which  it  fulfills  in  the  body,  a  protoplasmic 
cell  is  but  a  counterpart  of  a  multitude  of  similar  forms,  both 
vegetal  and  animal,  that  lead  an  independent  existence  as 
isolated  individuals,  viz.,  unicellular  organisms.  The  amoeba 
is  an  example  of  this  type,  the  prototype  of  our  mobile,  flowing, 
leucocytes,  as  well  as  of  our  stationary  cells — the  muscle-cell, 
the  hepatic  cell,  the  nerve-cell,  etc. 

"It  has  long  been  known,"  says  Verwom,^"  "that  roundish 
granules  of  different  sizes  are  of  wide  occurrence  within  cells, 
lying  in  an  apparently  homogeneous  ground  substance;  they 
have  been  termed  elementary  granules,  granula  or  microsomes." 
 "In  many  cases  only  a  few  such  granules  are  pre- 
sent in  the  cell;  in  other  cases,  the  whole  cell  is  thickly  filled 
with  them,  so  that  the  ground  substance  between  them  almost 
disappears."  We  are  evidently  dealing  with  an  important  fea- 
ture of  vital  functions.  E.  B.  Wilson,"^  for  example,  places 
the  cell-theory  "beside  the  evolution  theory  as  one  of  the 
foundation  stones  of  modern  biology,"  and  characterizes  the 

^»  Hammarsten :  "T.  B.  of  Physiol.  Chemistry,"  fourth  edition,  p.  208,  1904. 
""Verworn:    "General  Physiology,"  p.  63,  1899. 

°i  E.  B.  Wilson:  "The  Cell  in  Development  and  Inheritance,"  New  York, 
1897. 
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granule  or  microsome  as  "the  most  fundamental  question  of 
cell-morphology." 

Its  importance  is  further  shown  by  the  fact  that  Herbert 
Spencer  attributed  to  these  granules  the  phenomena  of  regen- 
eration, development  and  heredity;  that  Darwin  accorded  them 
an  equally  prominent  role  in  his  theory  of  pangenesis,  and  that 
they  were  likewise  regarded  as  living  elements  by  many  other 
distinguished  investigators,  including  Haeckel,  de  Vries,  Hert- 
wig  and  Whitman.  Indeed,  they  were  the  fciophores  of  Weis- 
mann,  the  bioplasts  of  Beale,  the  biogens  of  Verworn;  they 
were  also  the  renowned  microzymas  of  Bechamp  and  Estor 
which  long  held  sway  against  Pasteur,  and  which  even  now 
constitute  the  strongest  weapon  of  the  defenders  of  the  theory 
of  spontaneous  generation. 

The  grouping  of  so  many  conceptions  normally  suggests  a 
kinship  between  them  all.  Even  apparently  opposed  views  as- 
sume this  relationship,  if,  in  accord  with  my  own  view,  the  leu- 
cocytic  granulations  are  considered  as  nutrient  particles  which 
constitute  the  essential  living  elements  of  the  cell.  This  is 
well  shown  by  the  following  lines  of  Herbert  Spencer's,  quoted 
from  the  last  edition  (1898)  of  his  Principles  of  Biology: 
"What  these  granules  or  microsomes  are — whether,  as  some 
have  contended,  they  are  the  essential  living  elements  of  the 
protoplasm,  or  whether,  as  is  otherwise  held,  they  are  nutritive 
particles,  is  at  present  undecided." 

Even  the  limited  evidence  and  conclusions  I  have  sub- 
mitted so  far  suffice  to  point  strongly  to  the  leucocyte  granula- 
tions as  the  "nutritive  particles"  referred  to.  We  will  now  see 
that  these  granulations  and  the  cellular  "granules"  correspond 
in  every  way. 

The  nucleus  of  all  cells  is  composed  mainly  of  two  sub- 
stances, the  chromatin,  thus  termed  because  it  is  deeply  stained 
by  appropriate  dyes,  and  the  nuclear  sap,  which  takes  a  lighter 
tint.  "The  chemical  composition  of  chromatin  is  highly  com- 
plex," says  Spencer,®^  "and  its  complexity,  apart  from  other 
traits,  implies  relative  instability.  This  is  further  implied  by 
the  special  natures  of  its  components.  Various  analyses  have 
shown  that  it  consists  of  an  organic  acid  (which  has  been  called 

«2  Spencer:   "Principles  of  Biology,"  vol.  1,  p.  259,  New  York,  1898. 


900         ADRENAL  PRINCIPLE  AS  DYNAMIC  VITAL  ELEMENT. 

nucleic  acid)  rich  in  phosphorus*  combined  with  an  albuminous 
substance:  probably  a  combination  of  various  proteids.  And 
the  evidence,  as  summarized  by  Wilson,  seems  to  show  that 
where  the  proportion  of  phosphorized  acid  is  high  the  activity 
of  the  substance  is  great ;  while,  conversely,  where  the  quantity 
of  phosphorus  is  relatively  small,  the  substance  approximates 
in  character  to  the  cytoplasm.  Now,  (like  sulphur,  present  in 
the  albuminoid  base)  phosphorus  is  an  element  which,  besides 
having  several  allotropic  forms,  has  a  great  affinity  for  oxygen; 
and  an  organic  compound  into  which  it  enters,  beyond  the  in- 
stability otherwise  caused,  has  a  special  instability  caused  by 
its  presence.  The  tendency  to  undergo  change  will  therefore 
be  great  when  the  proportion  of  the  phosphorized  component 
is  great.  Hence  the  statement  that  'the  chemical  differences 
between  chromatin  and  cytoplasm,  striking  and  constant  as 
they  are,  are  differences  of  degree  only;'  and  the  conclusion 
that  the  activity  of  the  chromatin  is  specially  associated  with  the 
protoplasm." 

This  recalls  strikingly  the  role  I  have  ascribed  to  nucleo- 
proteid,  owing  to  the  large  proportion  of  phosphorus  its  nuclein 
contains,  and  the  intense  affinity  of  this  element  for  oxygen. 
Indeed,  it  is  clear  from  the  above  that  both  nuclein  and  proteid 
are  present  in  the  cell,  in  the  identical  form  in  which  we  found 
these  bodies  elsewhere,  i.e.,  as  granulations.  Now,  the  granula- 
tions of  neutrophile  leucocytes,  which  I  regard  as  the  nutritive 
cells,  are  nucleo-proteid  bodies.  This  was  first  suggested  by 
Sherrington,  then  demonstrated  by  Milroy  and  Malcolm,**^ 
whose  methods  are  given  in  detail  in  the  first  volume.®*  Again, 
Stewart,®®  alluding  to  the  origin  of  nucleo-proteid,  writes :  "In 
shed  blood,  the  only  possible  sources  of  nucleo-proteid,  so  far  as 
we  know,  are  the  corpuscles  and  the  blood-plates."  After  dis- 
missing the  red  corpuscles,  he  adds:  "We  have  left  over  the 
leucocytes  and  the  platelets.  The  latter  are  said,  and  the 
former  are  Tcnown  to  yield  nucleo-proteid  when  they  are  broken 
up  in  the  laboratory." 

That  leucocytes  are  capable  also  of  carrying  their  product 


*  All  italics  are  my  own. — S. 
«s  Milroy  and  Malcolm:    Jour,  of  Physiol.,  vol.  xxiii,  No.  3,  p.  217,  1898. 
0*  Cf.  vol.  i,  p.  693. 

«^  Stewart:    "Manual  of  Physiology,"  fourth  edition,  p.  41,  1900. 
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to  all  parts  of  the  organism  is  an  obvious  corollary  of  their 
well-known  migratory  habits,  and  of  the  remarkable  ease  with 
which  they  alter  their  shape  in  order  to  pass  through  minute 
openings.  We  have  seen  that  they  do  so  dragging  their  nucleo- 
proteid  granulations  behind  them,  and  that  they  secrete  them. 
M.  Labbe,®®  in  common  with  others,  writes:  "In  respect  to 
foods,"  the  leucocyte  "serves,  to  a  degree  as  yet  impossible  for 
us  to  estimate,  for  their  absorption  and  transformation,  and 
for  their  distribution  to  the  cellular  elements  in  need  of  them." 
But  what  do  they  yield  to  these  elements  ?  This  question  has 
remained  unanswered.  As  shown  above,  the  only  products  to 
which  evidence  points  are  their  nucleo-proteid  granulations. 

Another  question  imposes  itself  in  this  connection,  how- 
ever: What  is  the  identity  of  the  plasmatic  proteids  which,  ac- 
cording to  the  prevailing  doctrine,  are  thought  to  reach  the 
tissue-cells  and  to  be  absorbed  by  them?  The  answer  is  em- 
bodied in  evidence  already  submitted,  viz.,  that  there  are  two 
kinds  of  nucleo-proteids,  one  for  the  tissue-cells,  that  alluded  to 
above,  and  one  for  the  Uood  itself  (the  fibrinogen  to  which  I 
have  repeatedly  referred  in  the  first  volume),  both  secreted  by 
leucocytes.  Over  thirty  years  ago  Voit*^  showed  that  the 
proteid  which  formed  part  of  the  tissue-cells,  and  which  he 
termed  "orgran-proteid,"  could  not  be  similar  to  that  present  in 
the  blood-stream.  The  blood  proteid  he  therefore  termed  the 
''circulating  proteid."  Liebig,  Hoppe-Seyler  and  Pfliiger,  in 
opposition  to  the  additional  (and  purely  theoretical)  belief  of 
Voit^s  that  "organ-proteid"  had  to  be  dissolved  in  the  plasma 
and  become  "circulating'^  before  it  could  be  used  in  cellular 
metabolism,  showed  that  "circulating  proteid"  never  underwent 
metabolic  changes,  and  that  this  role  was  limited  to  the  "organ- 
proteid."  This  not  only  proves  that  the  plasmatic  proteids  are 
not  concerned  with  tissue  metabolism,  but  it  likewise  confirms 
Voit's  view  as  to  the  presence  of  two  kinds  of  proteid,  i.e.,  one 
for  the  blood-stream  and  one  for  the  tissues — though  both,  as 
interpreted  from  my  standpoint,  are  products  of  leucocytes. 

Still,  the  nucleo-proteid  destined  for  the  tissue  metabolism 
would  be  consumed  in  the  oxygen-laden  plasma  were  it  not  pro- 


Labbe:   Loc.  cit.,  p.  39. 

Voit:    Zeit.  f.  Biol.,  Bd.  x,  S.  202,  1874. 
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tected  during  its  transit  from  the  intestine  to  the  tissues.  The 
leucocytes  satisfy  precisely  this  need,  by  keeping  their  granula- 
tions within  their  cytoplasm,  until  in  contact  with  the  tissues, 
where  they  secrete  them.  In  the  first  volume,  I  pointed  out 
that  the  leucocytes  which  secreted  "fibrinogen"  in  the  blood- 
stream likewise  did  so  physiologically  as  required,  their  secreted 
granulations  combining  with  the  oxidizing  substance  (adren- 
oxidase)  as  needed  to  sustain,  according  to  the  body's  needs,  the 
blood's  own  temperature.  Here  again,  the  nucleo-proteid  gran- 
ulations are  protected  by  the  cytoplasm  of  the  leucocytes  until 
needed. 

Two  tests  of  the  question  are  necessary,  however,  to  place 
the  conclusions  herein  submitted  on  a  solid  basis :  (1)  the  gran- 
ules or  microsomes  of  the  tissue-cells  should  react  to  stains  as 
do  the  granulations  of  leucocytes;  (2)  the  tissue-cell  granules 
should  be  shown  to  act  as  nutritive  particles  in  keeping  with 
the  leucocytic  granulations. 

Wilson,^*  referring  to  the  two  forms  of  granules  found  in 
the  chromatic  network  of  cells,  says :  "They  are  sharply  dif- 
ferentiated by  dyes,  the  &asichromatin  being  colored  by  the 
basic  anilines  (methyl-green,  saffranin,  etc.)  and  other  true 
nuclear  stains;  while  the  oa;?/chromatin-granules,  like  many 
cytoplasmic  structures,  and  like  the  substance  of  true  nucleoli 
(pyrenin),  are  colored  by  acid  anilines  (rubin,  eosin,  etc.)  and 
other  'plasma  stains.' "  Klein,®*  on  the  other  hand,  states,  re- 
ferring to  "granular  leucocytes,"  that  they  "behave  differently 
when  subjected  to  staining  with  aniline  dyes.  In  some  the 
granules  stain  readily  with  acid  aniline  dyes — e.g.,  eosin — so 
that  they  become  bright  red — eosinophile  (Ehrlich)  or  oxr/phile 
cells;  in  others,  the  granules  stain  only  in  hasic  aniline  dyes — 
basophile  cells;  in  still  others  they  stain  both  with  acid  and 
alkaline  aniline  dyes — neutrophile  or  amphophile."  This  ap- 
plies as  well  to  nerve-cells.  Thus,  the  ganglion-cell  "in  which," 
as  stated  by  Ewing,^"  "the  chromatic  element  is  in  the  form 
of  granules  irregularly  placed  through  the  cell-body,"  react  in 
the  same  manner  to  those  reagents.    Marinesco^^  found  that 

"8  Wilson:   Loc.  cit.,  p.  28. 
'"Klein:   Loc  cit.,  p.  27,  1898. 

™  Ewing:   Arch,  of  Neur.  and  Psych.,  vol.  i,  No.  3,  p.  263,  1898. 
"  Marinesco:   C.  r.  de  la  Soc.  de  biol.,  Jan.  25,  p.  106,  1896. 
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the  "chromophile  elements  of  motor-cells  were  strongly  stained 
by  basic  aniline  reagents,"  and  Benda^^  observed  chromatic 
granules  which  stained  as  do  the  Jasophile  granulations  of  leu- 
cocytes. Held'^  also  depicted  granules  stained  by  acid  anilines, 
and  both  Colucci^*  and  Heimann^^  observed  others  which,  like 
amphophilic  granulations,  stained  with  acid  and  alkaline  dyes. 
It  is  evident,  therefore,  that  as  far  as  their  reaction  to  stains 
is  concerned,  tissue-cell  granules  and  leucocyte  granulations 
correspond. 

The  second  test,  i.e.,  that  the  granulations  nourish  the 
tissue-cells,  is  no  less  conclusive.  Monti^®  and  Lamy,^^  after 
obstructing  the  circulation  of  cerebral  vessels  by  injections  of 
lycopodium,  observed  a  progressive  loss  of  chromatic  substance, 
i.e.,  of  granules,  in  the  dendrites  and  cell-bodies  of  the  parts 
deprived  of  blood.  The  last-named  investigator  also  observed 
a  gradual  loss  of  chromatic  substance  in  these  cells  after  ligat- 
ing  the  aorta.  Sarbo^*  noted  a  gradual  disintegration  of  this 
substance  after  ligating  the  abdominal  aorta.  Juliusberger'''' 
obtained  a  similar  effect  by  compressing  this  vessel.  Ewing®*' 
verified  these  results  in  the  human  subject,  and  concluded  that 
"the  chromatic  structures  of  these  nerve-cells  are  more  im- 
mediately affected  by  changes  in  their  blood  supply  than  by 
any  other  influences  whose  effects  upon  them  have  yet  been 
studied."  Hodge®^  and  Mann^^  observed  that  "during  the  re- 
pose of  the  cell,  the  chromatin  accumulates  in  the  nucleus, 
while  during  the  cell  activity  this  stored-up  material  gradually 
disappears."*'  Considered  unitedly  these  facts  indicate  plainly 
that  it  is  from  the  blood  and  its  cells  that  the  nerve-cells  re- 
ceive their  chromatic  granules,  and  that  their  purpose  is  to 
nourish  these  cells. 

Chromatolysis,  i.e.,  destruction  of  the  granules,  shows,  not 
only  that  the  granules  are  nutrient  bodies,  but  also  that  these 


"Benda:   Neurol.  Centralbl.,  Bd.  xiv,  S.  759,  1895. 
"Held:    Arch.  f.  Anat.  u.  Physiol.,  S.  396,  1895;  S.  204,  1897. 
'*Colucci:    Ann.  d.  Neurol.,  S.  145,  1896. 
'"Heimann:   Virchow's  Archiv,  Bd.  clil,  S.  298,  1898. 
Monti:    Arch.  ital.  de  biol.,  S.  20,  1895. 

Lamy:  Arch,  de  physiol.,  T.  vii,  p.  77,  1895;  T.  ix,  p.  184,  1897. 
'sSarbo:   Neurol.  Centralbl.,  Bd.  xiv,  S.  664,  1895. 

Juliusberger:   TUd.,  Bd.  xv,  S.  386,  1896. 
^  Ewing:    Loc.  cit.,  p.  410. 

"Hodge:    Jour,  of  Morph.,  vol.  vii,  p.  95,  1892. 

*2Manu:    Jour,  of  Anat.  and  Physiol.,  vol.  xxix,  p.  100,  1894. 

*'Bawden:   Jour,  of  Compar.  Neurol.,  May,  p.  243,  1900. 
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bodies  are  of  external  origin.  "Chromatolysis  generally  begins 
at  the  periphery  of  the  cell  and  in  the  dendrons,"  says  Halli- 
burton/* "but  in  advanced  cases  the  whole  cell  may  be 
affected."  That  the  morbid  progression  is  inward  is  obvious. 
The  same  author  says  also  that  chromatolysis  alone,  however, 
"is  not  indicative  of  cell  destruction,"  and  that  "the  cell  may 
recover  its  functions  later  when  the  abnormal  condition  passes 
off."  This  further  indicates  that  the  granules  are  nutrient 
elements,  i.e.,  substances  of  extrinsic  origin  and  bound  there- 
fore to  penetrate  the  cell  centripetally,  their  first  contact  with 
it  being  in  the  intercellular  spaces,  where  granular  leucocytes 
are  often  met. 

On  the  whole,  the  identity  of  (nucleo-proteid)  cell-granules 
as  "nutritive  particles,"  using  Spencer's  expression,  is  no  longer 
to  be  doubted.  Ewing,  after  reviewing  the  labors  of  several  of 
the  above  and  other  investigators,  remarks :  "Nevertheless  the 
consideration  of  more  recent  data  leads  irresistibly  to  the  con- 
clusion that  the  chromatic  bodies  of  the  nerve-cells  represent 
a  state  of  physiological  nutrition."  Eeferring  to  JSTissl's  gran- 
ules, Halliburton*^  also  writes:  "It  can  hardly  be  denied  that 
the  substance  of  which  the  granules  are  composed,  forming  as 
it  does  so  large  a  proportion  of  the  cell-contents,  and  made  of 
a  material  in  which  nuclein  is  an  important  constituent,  is  inti- 
mately related  to  the  nutritional  condition  of  the  neuron." 

The  most  complicated  of  all  cells,  the  nerve-cell,  has  been 
taken  as  model  because  it  exemplifies  better  than  any  other  the 
function  of  nucleo-proteid  granules,  i.e.,  the  chromatic  bodies. 
This  role  is  common  to  all  cells;  thus  Hammarsten,^"  referring 
to  the  animal  cell  in  general,  writes:  "The  nucleo-proteids 
take  a  very  prominent  place  among  the  compound  proteids  of 
the  cell."  Indeed,  this  applies  to  the  entire  animal  scale,  down 
even  to  the  simplest  of  living  things,  the  protamceba.  Though 
this  unicellular  organism  contains  neither  nucleus  nor  con- 
tractile vacuole,  the  same  minute  nucleo-proteid  granules — 
chromatin — are  clearly  visible  throughout  their  entire  sub- 
stance. In  fact,  the  same  stainable  particles  are  met  with  in 
somewhat  less  primitive  forms,  some  ciliated  infusoria — Oxy- 


HaUiburton:    "Biochemistry  of  Muscle  and  Nerve,"  p.  87,  1904. 
85  Halliburton:   Loc.  cit.,  p.  87. 
8«  Hammarsten:  Loc.  cit.,  p.  118. 
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tricha  flava,  for  example — in  which  they  represent  the  frag- 
ments of  broken-up  nuclei.  In  another  organism  of  the  same 
group,  Trachelocerea,  we  see  the  identical  stainable  granules, 
but  here  they  are  collectively  termed  a  "diffused  nucleus," — a 
nucleus  starting  from  the  periphery  of  the  cell,  where  the 
granules  are  most  numerous,  and  apparently  invading  the  whole 
field — the  nutrient  material  penetrating  their  surface  precisely 
(in  the  light  of  my  views)  as  our  own  cells  absorb  the  nutrient 
granules  supplied  to  them  by  leucocytes. 

The  Porifera,  a  group  to  which  the  sponges  belong,  afford 
an  example  of  the  manner  in  which  the  granulations  of  leuco- 
cyte-like cells  can  subserve  nutrition.  Thus,  Haeckel**^  refers 
to  amcebocytes  as  "the  remarkable  amoeboid  wandering  cells, 
which  seem  to  possess  an  important  physiological  function  in 
all  sponges."  .  "Their  protoplasm  usually  en- 
closes," says  this  distinguished  zoologist,  "a  variable  mass  of 
dark,  highly  refracting  and  intensely  staining  granules,  and 
often  these  enter  into  the  lappet-like  processes,  or  lobopodia  of 
the  cell,  as  in  the  similar  common  amcebse.  The  amcebocytes 
of  the  sponges  are  comparable  to  the  leucocytes  of  the  higher 
Metazoa."  "Their  fimctions  are  probably  multi- 
farious, referring  mainly  to  the  nutrition  of  the  sponge.  They 
may  be  vehicles  of  food  and  of  reserve  nutriments." 

The  kinship  of  the  amcebocytes  with  the  leucocytes  of  our 
own  organism  becomes  striking  when  the  structure  of  the 
former  is  closely  examined.  Ray  Lankester*^  includes  among 
the  distinguishing  features  of  the  wandering  cells  of  sponges 
"the  quantity  of  granules  with  which  their  cytoplasm  is  usually 
packed;"  also  "the  nature  of  the  contained  granulations,  one 
kind  having  coarse,  large  granules,  the  other  fine  granules." 
He  refers  to  the  researches  of  Fiedler  (1888),  who  describes  two 
kinds  of  wandering  cells,  "which  he  has  termed  Fresszellen 
(phagocytes)  and  Nahrzellen  (trophocytes)  respectively;  the 
former,  which  occur  always  near  the  free  surfaces  of  the  sponge 
body,  are  concerned  more  especially  with  the  ingestion,  and  per- 
haps with  the  digestion  of  food;  the  latter,  found  in  all  parts, 
appear  to  provide  for  its  distribution."*    We  have  here  a  self- 

•  The  italics  are  my  own. — S. 

^'Haeckel:    "Rep.  of  Challenger  Exp.,"  vol.  xxxii.  1889. 
^  Ray  Lankester:    "Treatise  on  Zoology,"  Pt.  ii,  1900. 
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evident  counterpart  of  the  functions  of  leucocytes  in  the  high- 
est vertebrates,  as  emphasized  in  the  foregoing  pages. 

The  correspondence  between  so  lowly  an  animal  as  the 
sponge  and  the  highest  representatives  of  the  zoological  scale 
is  not  invalidated  by  the  fact  that  the  former  lives  in  the  seas 
while  the  latter  include  a  vast  number  that  lead  a  purely  ter- 
restrial existence.  Forty  years  ago,  Claude  Bernard*®  taught 
that  the  blood  of  vertebrates  represented  "an  internal  medium 
in  which  anatomical  elements  live  as  do  fishes  in  water."  In- 
deed, man  has  not  severed  his  connection  with  the  Oceans  in 
which  lived  the  primitive  cells  from  which  he  sprang ;  his  blood, 
we  have  seen,®^  closely  approximates  sea-water  in  composition: 
he  merely  carries,  therefore,  a  bit  of  the  Ocean  within  him. 
But  we  must  not  overlook  the  difference  between  a  free  mobile, 
unicellular  organism,  the  amoeba,  for  instance,  and  a  cell  de- 
prived of  migratory  motions  such  as  the  tissue-cell.  The  one 
is  able  to  provide  itself  with  sufficient  food,  not  only  because  it 
can  reach  for  it  with  its  pseudopodia,  but  also  because  it  can, 
by  migrating,  increase,  when  necessary  and  conditions  permit- 
ting, its  food-supply.  The  sedentary  tissue-cell,  imprisoned 
among  its  kind,  cannot  thus  satisfy  its  needs,  and  Nature 
meets  the  want  by  providing  both  an  amoeboid  messenger, 
the  leucocyte,  and  the  precise  food  the  tissues  need,  the 
granule. 

Summarized,  this  evidence,  supplemented  by  that  contained 
in  the  preceding  section  and  in  the  first  volume,  appears  to  me 
to  warrant  the  following  conclusions:  (1)  that  the  tissue-cells 
are  not  nourished  as  now  taught,  hy  peptones  carried  to  them  hy 
the  hlood-piasma ;  (3)  that  this  function  is  carried  on  ly  leuco- 
cytes which  migrate  through  the  walls  of  the  capillaries  with 
the  blood-plasma,  to  enter  the  spaces  hetween  the  tissue-cells; 
(3)  that  once  in  the  intercellular  spaces  the  leucocytes  secrete 
their  granulations;  (4)  that  these  granulations  are  the  nutri- 
tive materials  of  the  tissue-cells;  (5)  that  the  granulations 
penetrate  the  tissue-cells  from  the  periphery  and  constitute  their 
granules  or  microsomes. 

80  Claude  Bernard:  Lejons  sur  les  proprietes  des  tissus  vivants,"  p.  55, 
Paris,  1866. 

«>  Cf.  vol.  i,  p.  800. 
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THE  LEUCOCYTIC  FERMENTS  AS  THE  INTRACELLULAR 
FERMENTS  OF  TISSUE-CELLS. 

MendeP^  wrote  recently  (1906)  :  "Enzymes  are  no  longer 
thought  of  exclusively  as  agents  of  the  digestive  apparatus; 
they  enter  everywhere  into  the  manifold  activities  of  cells  in 
almost  every  feature  of  metabolism."  Indeed,  the  tissue-cell 
does  not  contain  the  nucleo-proteid  only ;  it  embodies,  as  shown 
below,  the  three  agents  which  carry  on  the  digestive  process  in 
the  alimentary  canal,  and  which  jointly  constitute  an  "enzyme" 
or  "ferment,"  one  of  the  hydrolytic  triads. 

The  preeence  of  the  zymogen  is  shown  by  that  of  the  fer- 
ment of  which  it  is  the  known  precursor.  Verworn"^  states  that 
ferments  "appear  in  both  animals  and  plants,"  and  that  even 
in  "free  cells,"  i.e.,  unicellular  organisms,  "the  ferments  are  of 
great  importance  for  the  nutrition  of  the  cell  when  these  or- 
ganisms, as  is  the  case  with  the  bacteria,  come  into  contact  with 
organic  food  and  are  obliged  first  to  liquefy  solid  food-stuffs  in 
order  to  be  able  to  absorb  them."  That  this  is  carried  out  by 
a  common  ferment  was  recently  suggested  by  S.  H.  Vines.®* 
"All  known  proteolytic  enzymes  of  plants  are  tryptic,"  says 
this  plant  physiologist,  "though  some  of  them,  such  as  that  of 
Drosera,  still  await  further  investigation.  This  suggestion," 
he  adds,  "gains  in  interest  when  it  is  borne  in  mind  that  tryptic 
digestion  is  of  general  occurrence  in  the  animal  kingdom,  and 
is  apparently  the  sole  process  in  many  vertebrates.  It  is  not 
improbable  that  it  may  be  extended  into  the  proposition  that 
tryptic  digestion  is  a  property  of  all  living  organisms." 

That  this  applies  as  well  to  human  and  other  animal  tissues 
is  shown  in  our  own  literature:  "There  is  no  longer  any  rea- 
son to  suppose,"  says  Halliburton,®*  "that  the  ferment  at  work 
is  pepsin  which  had  been  previously  absorbed  from  the  aliment- 
ary canal,  for  Hedin  and  Rowland®^  have  shown  that  the  pro- 
teolytic ferment  which  is  present  in  muscle,  as  in  many  other 
animal  tissues  (spleen,  kidney,  etc.),  is  more  like  trypsin  than 
pepsin  in  its  mode  of  action."    Elsewhere,  he  reminds  the 

*i  Mendel:   Jour.  Amer.  Med.  Assoc.,  Mar.  24,  1906. 
^^Verworn:   Loc.  cit.,  p.  171. 

"^S.  H.  Vines:    Annals  of  Botany,  vol.  xv,  p.  572,  1901. 

Halliburton:    Loc.  cit.,  p.  12. 
»s  Hedin  and  Rowland:    Zeit.  f.  phys.  Chemie,  Bd.  xxxii,  S.  341,  531,  1901. 
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reader""  "of  the  existence"  in  muscle  "of  a  proteolytic  enzyme" 
and  finally  states  that  "glycolysis  occurs  in  many  tissues,  and 
that  the  agent  or  ferment  to  which  this  is  due,  is  believed  by 
Cohnheim"^  to  be  rendered  active  by  the  internal  secretion  of 
the  pancreas."  That  trypsinogen  is  common  to  all  cells  is 
evident. 

The  presence  of  nucleo-proteid  has  been  sufficiently  em- 
phasized in  the  preceding  section.  I  showed  therein  that  all 
cells,  from  the  lowest  unicellular  organisms  up  to  the  highest 
members  of  great  cell  colonies,  contained  nucleo-proteid  gran- 
ules. I  may  add  the  testimony  of  Chittenden,®*  who  wrote  re- 
cently: "Nucleo-proteids  of  various  kinds  are  conspicuous  con- 
stituents of  all  cells ;  they  are  found  in  all  tissues,  in  all  gland- 
ular organs,  and  their  widespread  distribution  may  be  taken  as 
evidence  of  their  great  physiological  importance." 

The  term  "oxidizing  substance,"  we  have  seen,  is  syn- 
onjrmous  with  "oxidase,"  and,  in  the  higher  organisms,  with 
adrenoxidase.  "It  has  been  positively  proved  by  the  researches 
of  Jaquet,  Salkowski,  Spitzer,  Eohmann,  Abelous  and  Biarnes, 
Bertrand,  Bourquelot,  DeEey-Pailhade,  Medvedew,  Pohl, 
Jacoby,  Chadot  and  Bach,  and  others,"  says  Hammarsten,®* 
"that  in  the  blood  and  different  tissues  of  the  animal  body,  as 
also  in  plant  cells,  substances  occur  which  have  the  property 
of  causing  certain  oxidations  and  are  therefore  called  oxidation 
ferments  or  oxidases.  Little  is  known  in  regard  to  the  nature 
or  the  manner  of  action  of  these  bodies."  In  the  thirteenth 
chapter^"**  I  stated  that,  while  Claude  Bernard,  Pavy  and  Lepine 
had  observed  that  blood-plasma  could  oxidize  sugar,  Pohl,  Spit- 
zer and  others  had  found  that  intercellular  and  tissue  juices 
produced  a  similar  effect;  that  Loew  had  been  led  by  his  re- 
searches to  conclude  that  "there  does  not  exist  a  group  of  or- 
ganisms or  any  organ,  or  even  a  single  vegetable  or  animal  cell 
that  does  not  contain  some  catalase;"  and  finally  that  "this 
general  occurrence  of  catalase  in  the  organized  world  cannot  be 
accidental  and  must  have  a  certain  significance."    We  have 


w  Halliburton:    hoc.  cit.,  p.  31. 

»7Cohnhelm:    Zeit.  f.  phys.  Chemie,  Bd.  xxxix,  S.  336,  1903. 

Chittenden:    Boston  Med.  &  Surg.  Jour.,  Aug.  17,  1905. 
°*  Hammarsten :   Loc.  cit.,  p.  7. 
1™  Cf.  this  vol.,  p.  813. 

loi  JoUes:   Munch,  med.  Woch.,  Nov.  22,  S.  2083,  1904. 
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seen  also  that  recently  Jolles"^  found  that  the  catalase 
which  decomposes  hydrogen  peroxide  is  associated  with  the  red 
corpuscles.  As  I  have  shown/"^  catalase  is  a  name  given  to 
adrenoxidase,  or  its  homologue  in  animals  in  which  adrenals  do 
not  exist  and  in  plants,  owing  to  the  catalytic  properties  of  its 
active  principle.  Adrenoxidase  is  thus  endowed  with  two  prop- 
erties, viz.,  that  of  a  catalytic  and  that  of  an  oxidizing  agent. 
Loew's  generalization,  therefore,  applies  to  adrenoxidase  or  its 
homologue  in  lower  forms.  Its  presence  in  the  latter  is  further 
emphasized  by  the  fact  that  sponges  protect  their  bodies,  ac- 
cording to  Eay  Lankester,^"*  not  only  by  fringes  and  palisades 
of  spicules,  but  "also  by  excretion  of  poisonous  ferments  from 
the  surface  of  the  body  which  have  a  strongly  oxidizing  action." 

Not  only  are  the  three  components  of  trypsin — the  ferment 
itself  in  fact — thus  shown  to  be  present  in  all  tissue-cells  and 
in  all  organisms,  but  tissue-catabolism  corresponds  in  its  gen- 
eral characters  with  the  digestion  of  nucleo-proteids  as  carried 
on  by  trypsin — the  hydrolytic  triad — in  the  intestine. 

As  stated  by  Barnes,^"*  there  is  a  remarkable  uniformity 
in  the  decomposition  of  products  of  all  cells.  "No  matter  what 
the  organism  from  which  they  are  derived,"  says  this  plant  phy- 
siologist, "no  matter  how  simple  they  are  or  how  complex,  when 
broken  up  by  the  process  of  digestion  or  by  boiling  with  acids, 
they  yield  invariably  a  series  of  products  which  have  become  in 
the  last  few  years  much  better  known.  These  are  amino-  or 
amido-acids,  such  substances  as  leucin,  tyrosin,  arginin,  glu- 
tamin,  glycocoll,  etc."  As  this  applies  to  the  digestive  process 
in  the  intestine  as  well  as  to  artificial  digestion,  we  can  con- 
clude that  if  these  decomposition  products  are  also  excreted  by 
the  tissue  cells,  these  cells  are  the  seat  of  a  digestive  process 
similar  to  that  of  the  intestinal  canal. 

That  such  is  the  case  is  shown  by  the  fact  that  the  pre- 
cursors of  urea,  which  include  the  amino-acids,  can  be  traced 
to  the  tissues.  Salkowski,^"®  Schultzen  and  Nencki,^*"'  and 
other  chemists,  have  shown  that  amino-acids  are  converted  into 
urea  during  the  transit  through  the  body.    That  the  liver  is 

"2  Cf.  this  vol.,  p.  822. 

Ray  Lankester:   Loc.  cit. 
"*  Barnes:    Science,  vol.  xxi.  No.  529,  p.  241,  1905. 
"^Salkowski:    Zeit.  f.  physiol.  Chemie,  Bd.  iv,  S.  100,  1879. 
i»»  Schultzen  and  Nencki:    Zeit.  f.  Biol.,  Bd.  viii,  S.  124,  1872. 
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not  the  only  organ  in  which  this  conversion  occurs,  as  was 
formerly  believed,  may  be  shown  in  various  ways.  Experi- 
mental removal  of  this  organ  by  Slosse,^"^'  Nencki  and  Paw- 
low,"*  and  others,  failed  to  arrest  the  formation  of  urea,  while 
Kauffmann^"**  found  that  when  the  liver  and  kidneys  were  en- 
tirely isolated  from  the  circulation  (to  which,  we  have  seen,  the 
lymph  carries  waste-products  derived  from  the  cells),  the  blood 
was  found  to  contain  an  excess  of  urea.  This  was  confirmed 
by  the  researches  of  Wurtz,  which  showed  that  under  the  same 
conditions,  "lymph  contains  more  urea  than  does  the  blood  of 
the  same  individual"  (Schafer^^") — considerably  more,  in  fact, 
since  the  ratio  is  0.009  parts  per  cent,  in  the  blood  to  0.016 
parts  per  cent,  in  the  lymph. 

Finally,  Halliburton^^^  states  that  "there  can  be  but  little 
doubt  that  muscular  tissue,  being  our  most  abundant  tissue,  is 
the  ultimate  source  of  most  of  the  nitrogenous  waste  that  leaves 
the  body  as  urea."  Indeed,  Barnes  refers  to  the  ease  with 
which  lactic  acid  (and  this  applies  also  to  the  familiar  muscular 
acid,  i.e.,  sarco-lactic  acid)  "can  be  converted  into  an  amido- 
acid,  glycocoll."  Chittenden  also  says:^^^  "Muscles,  liver,  kid- 
neys, lymph-glands,  lungs,  spleen,  etc.,  all  contain  proteid-dis- 
solving  ferments,  and  when  the  tissues  are  subjected  to  auto- 
digestion  or  autolysis,  such  products  as  the  amido-acids,  leucin 
and  tyrosin,  tryptophan,  glycocoll,  hexone  bases  or  diamino- 
acids  and  ammonia  result  from  the  breaking  down  of  the  various 
proteids  of  the  tissue."  He  closes  the  paragraph  with  the  state- 
ment that  "the  general  trend  of  action  with  these  intracellular 
proteolytic  ferments  is  hydrolytic  cleavage,  much  the  same  as  the 
influence  exerted  by  mineral  acids,  or  by  ordinary  digestive 
enzymes." 

It  is  evident,  therefore,  that  the  tissue  cells  are  the  seat 
of  a  digestive  process  similar  to  that  in  the  intestinal  canal,  and 
that  it  is  carried  on  by  the  same  hydrolytic  triad  "trypsin." 

Two  sources  of  confusion  in  the  current  interpretation  of 
tissue  metabolism  require  attention  in  this  connection.  The 

i^Slosse:    DuBois-Reymond's  Archiv  f.  Physiol.,  S.  482,  1890. 

Nencki  and  Pawlow:    Arch.  d.  Sc.  Med.  de  St.  Petersburg,  T.  V. 
i"' Kauffmann :    C.  r.  de  la  Soc.  de  hiol;,  T.  xlvi,  p.  323,  1894. 
""Schafer:    Loc.  cit.,  vol.   i,  p.   182,  1898. 
"1  Halliburton:    Lor.  cit.,  p.  41,  1904. 

"2  Chittenden :    Boston  Med.  &  Surg.  Jour.,  Aug.  17,  1905. 
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first  of  these  is  the  multiplicity  of  ferments  which  are  thought 
necessary  to  explain  tissue  function — a  feature  which,  in  my 
opinion,  accounts  for  the  growing  complexity  of  the  problem. 

Chittenden"^  remarks:  "There  is  practically  no  process 
of  metabolism  so  intricate  or  obscure  that  it  cannot  well  be  ex- 
plained by  the  action  and  interaction  of  intracellular  ferments." 
The  confusing  feature  just  referred  to  appears,  however,  when 
he  adds :  "New  ferments  are  constantly  being  discovered,  new 
chemical  reactions  are  being  traced  to  the  power  of  special  fer- 
ments "    This  applies  also  to  the  oxidizing  ferments. 

"Oxidation  is  preeminently  one  of  Nature's  ways  of  bringing 
about  alteration  and  decomposition,"  says  the  same  author, 
"and  in  intermediary  metabolism  especially,  oxidative  processes 
must  be  quite  conspicuous.  Yet  to-day  we  have  accumulated  a 
mass  of  evidence  tending  to  show  that  oxidation  in  the  tissues 
is  due  primarily  to  the  presence  and  action  of  a  row  of  more  or 
less  closely  related,  though  chemically  distinct  ferments,  known 
as  oxidases.*  Physiological  oxidation,  therefore,  as  it  occurs 
in  metabolism,  is  likewise  a  result  of  intracellular  ferment 
action."  This  corresponds  with  the  prevailing  view,  the  various 
ferments  bearing  characteristic  names,  aldehydase,  guanase, 
tyrosinase,  adenase,  indolphenol-oxidase,  nuclease,  etc.,  etc., 
according  to  the  substances  upon  which  they  act,  the  organs  in 
which  they  are  found,  the  organic  substance  with  which  they 
happen  to  be  combined,  etc. 

At  best,  this  multiplicity  of  ferments — both  proteolytic  and 
oxidizing — can  only  be  assumed,  since  as  recently  (1905)  stated 
by  Halliburton  "Ferments  are  substances  which  have,  to  a 
great  extent,  eluded  the  grasp  of  the  chemist.  All  he  can  say," 
adds  this  physiologist,  "is  that  they  are  probably  proteid-like  in 
nature,  and  in  some  cases  the  proteid  material  with  which  they 
are  either  identical  or  united  is,  as  in  the  case  of  fibrin  ferment, 
of  the  nucleo-proteid  variety."  On  the  other  hand,  this  is  a 
suggestive  statement  in  view  of  the  interpretation  of  the  com- 
position of  ferments  in  general  I  have  submitted  in  the  pre- 
ceding chapter:  viz.,  that  there  is  but  one  true  ferment — that 


*  The  italics  are  my  own. — S. 

Chittenden :   Loc.  cit. 
"*  Halliburton:   Loc.  cit.,  p.  30. 
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represented  by  the  adrenal  active  principle  of  adrenoxidase  (or 
its  homologue  in  organisms  deprived  of  adrenals) ;  that  all  "fer- 
ments" contain  nucleo-proteid ;  and  finally  that  the  specific 
action  of  any  "ferment"  is  due,  not  to  a  specific  ferment,  since 
there  is  but  one  "ferment  of  ferments,"  but  to  the  zymogen 
Avhich  the  triad  termed  "ferment"  happens  to  contain. 

Once  fully  apprehended,  this  simplified  conception  of  the 
composition  of  ferments  will  tend  to  eliminate  many  of  the  ob- 
stacles met  with  when  any  attempt  is  made  to  interpret  clearly 
the  intrinsic  processes  of  tissue-metabolism — obstacles  which 
have  made  it  impossible,  so  far,  to  discern  the  true  nature  of 
this  process.  Besides  supplying  a  logical  explanation  of  the 
manner  in  which  oxj'gen  is  supplied  to  the  tissues  (the  process 
I  have  submitted  in  the  thirteenth  chapter  of  this  work)  we 
would  not  be  constantly  confronted  with  new  "ferments,"  but 
with  combinations  of  known  tangible  bodies,  whose  chemical 
properties  have  been  thoroughly  scrutinized — all  endowed  with 
their  quality  as  a  "ferment"  by  the  "ferment  of  ferments." 

Examples  are  not  lacking  in  which  these  principles  are  ap- 
plicable. Thus,  we  have  seen  that  Pawlow's  enterokinase  and 
Bayliss  and  Starling's  secretin  are  not  ferments,  but  that  they 
contain  adrenoxidase.  Cohnheim's  "muscle  ferment"  need 
only  be  adrenoxidase  to  cleave  sugar  when  combined  with  the 
secretion  of  the  islands  of  Langerhans  if  either  the  latter  or 
the  adrenoxidase  contain  nucleo-proteid.  Finally,  Cohnheim's 
erepsin  need  not  be  a  "ferment,"  since,  as  shown  by  various  in- 
vestigators, it  has  the  same  properties  as  trypsin;  it  may  be, 
therefore,  only  the  proteolytic  triad  known  under  the  name  of 
"trypsin."  Yet,  Cohnheim  holds,  on  good  ground,  that  erepsin 
is  not  trypsin,  and  that  it  is  endowed  with  other  properties.  So 
is  the  pancreatic  juice  endowed  with  properties  other  than  those 
of  trypsin — those  it  receives  from  zymogens  other  than  trypsin- 
ogen,  and  which  are  all,  we  have  seen,  taken  up  by  the  diges- 
tive leucocytes.  It  may  thus  happen  that  erepsin  will  prove  to 
be  an  aggregate  of  all  the  hydrolytic  triads — proteolytic,  amylo- 
lytic,  lipolytic,  glycolytic,  etc. — ^which  bathe  the  intestinal 
mucosa,  and  which,  through  the  intermediary  of  the  leucocytes, 
reach  the  tissue-cells,  to  carry  on  therein  a  function  similar  to 
that  performed  by  them  in  the  intestinal  canal,  i.e.,  digestion 
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by  hydrolysis,  but  having  as  object  in  the  tissue-cells,  the  break- 
ing down  of  worn-out  elements. 

The  second  misleading  feature  now  suggests  itself :  the  pre- 
vailing belief  that  the  tissue-cells  themselves  are  a  source  of 
the  "intracellular  ferments,"  and  that  the  intrinsic  processes  of 
the  cell  are  ascribable  to  the  presence  of  a  large  number  of  such 
ferments. 

This  doctrine  has  also  done  much  to  obscure  our  knowledge 
of  cellular  metabolism  by  suggesting  fictitious  functions  in  the 
tissue-cell,  thus  defeating  any  attempt  to  discover  the  sequence 
of  events  in  the  interchanges  of  which  it  is  the  seat.  Sugges- 
tive in  this  connection  are  the  following  lines  by  Moore  in  a 
recently  published  work:"^  "Much  has  been  made  of  the  fact 
that  intracellular  enzymes  have  been  isolated  from  living  cells 
which  are  capable  of  producing  actions  hitherto  only  observed 
in  the  presence  of  the  cell,  and  it  has  been  surmised  that  all,  or 
nearly  all,  the  chemical  activity  of  the  cell  may  be  due  to  the 
action  of  a  large  number  of  such  intracellular  enzymes."  .... 
.  .  .  "Without  disparaging  the  importance  and  value  of  such 
work  of  separation  of  intracellular  enzymes,  it  may,  however, 
be  urged  that  there  is  in  such  a  view  no  explanation  of  the 
phasic  activity  of  the  cell,  no  taking  into  account  of  the  action 
of  the  living  cell  in  co-ordinating,  so  to  speak,  the  myriad  ac- 
tivities going  on  within  it  whereby  the  whole  process  is 
regulated." 

In  the  light  of  all  the  facts  submitted  so  far  in  this  work 
regarding  the  role  of  leucocytes  in  the  nutrition  of  the  tissue- 
cell,  the  coordination  of  the  various  phases  of  its  life-cycle  as- 
sumes a  normal  sequence.  The  leucocyte  not  only  supplies  the 
"nutritive  particles,"  as  Herbert  Spencer  calls  them,  thus  satis- 
fying the  constructive  or  anabolic  phase  of  the  process,  but  also 
the  hydrolytie  enzymes  necessary  to  break  down  the  worn-out 
nutrient  material  and  prepare  it  for  elimination — the  catabolic 
phase  of  the  process. 

A  question  at  once  imposes  itself,  however,  in  this  connec- 
tion. We  are  dealing  now  with  the  tissue-cells  of  highly  differ- 
entiated animals  in  which  the  pancreas  affords  an  endless  sup- 

Moore:   HiU's  "Recent  Advances  in  Physiology  and  Bio-Chemistry,"  p.  11, 

1906. 
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ply  of  zymogens  for  the  elaboration  of  "ferments,"  which  the 
leucocytes  transfer  to  the  cells.  How  can  we  account  for  the 
presence  of  these  same  enzymes — or  aggregate  of  enzymes 
characterized  as  "trypsin" — in  an  animal  devoid  of  pancreas, 
down,  in  fact,  to  the  lowest  in  the  zoological  scale,  the  unicellu- 
lar organism?  Even  the  latter  differs  in  no  way,  as  to  the 
manner  in  which  its  life-cycle  is  sustained,  from  the  tissue-cell 
of  the  highest  of  vertebrates,  man.  Although  it  has  to  provide 
for  itself,  it  acquires  from  the  organic  materials  it  engulfs  in 
its  protoplasm  the  three  bodies  required  to  build  up  its  "fer- 
ments," and  which,  we  have  seen,  are  present  in  all  living 
structures. 

All  this  clearly  points  to  a  common  governing  prin- 
ciple in  all  organic  life  concerning  the  manner  in  which  a 
living  cell  acquires  the  ferments  which  carry  on  its  meta- 
bolism, viz.,  combined  with  the  food  materials  it  ingests.  It 
is  as  evident  that  since,  as  we  have  seen,  it  is  the  function 
of  the  digestive  leucocytes  to  provide  the  tissue-cells  their 
nutrient  materials  and  the  hydrolytic  ferments  required  to 
break  the  latter  down  when  they  are  no  longer  of  use,  these 
ferments  cannot  be  said  to  originate  in  the  tissue-cells  them- 
selves, but  in  the  digestive  apparatus  from  which  the  leucocytes 
obtain  them. 

In  brief,  the  foregoing  evidence  has  served  to  show:  (1) 
that  the  tissue-cells  do  not  contain,  as  now  believed,  a  large  num- 
ber of  special  ferments  differing  from  those  found  in  the  intes- 
tine; (2)  that  the  tissue-cells  of  all  living  organisms  contain 
the  three  constituents  of  at  least  one  hydrolytic  triad,  trypsin, 
including  adrenoxidase,  the  active  principle  of  which  confers 
upon  the  latter  its  properties  as  a  ferment;  (3)  that  whereas  in 
the  intestine  and  in  the  digestive  leucocytes,  trypsin  hydrolyses 
food-proteids  prior  to  their  transformation  into  assimilable  gran- 
ules (anabolism) ,  in  the  tissue-cell  it  hydrolyses  worn-out  pro- 
teid  granules  or  chromosomes  to  convert  them  into  eliminable 
waste-products  (catabolism) ;  (4)  that  the  trypsin  or  any  other 
hydrolytic  ferment  found  in  tissue-cells  does  not  originate  in 
these  cells,  but  from  the  digestive  apparatus  through  the  inter- 
mediary of  the  digestive  leucocytes. 
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THE  GRANULATIONS  OF  LEUCOCYTES  AND  ADRENOXIDASE 
IN  THE  FUNCTIONS  OF  THE  NERVE-CELL. 

"What  the  nerve-impulse  actually  consists  in  we  do  not 
know,"  says  Stewart."®  "All  we  know  is  that  a  change  of  some 
kind,  of  which  the  only  external  token  is  an  electrical  change, 
passes  over  the  nerve  with  a  measurable  velocity,  and  gives 

tidings  of  itself."  "Whether  the  wave  which 

passes  along  the  nerve  is  a  wave  of  chemical  change  (such,  for 
example,  as  runs  along  a  train  of  gunpowder  when  it  is  fired  at 
one  end),  or  a  wave  of  mechanical  change,  a  peculiar  and  most 
delicate  molecular  shiver,  if  we  may  so  phrase  it,  there  is  no 
definite  experimental  evidence  to  decide,  although  the  former 
is  the  most  probable  view." 

We  have  just  seen  that  the  chromatin  granules  which 
correspond  chemically  and  tinctorially  with  the  nucleo-proteid 
granulations  of  leucocytes  are  also  present  in  the  nerve-cells. 
Again,  in  the  first  volume"^  I  pointed  out  a  fact  which  seemed 
to  me  capable  of  affording  a  clue  to  the  nature  of  the  nerve- 
impulse,  viz.,  that  the  oxidizing  substance — the  adrenoxidase — 
circulates  in  the  axis-cylinders  of  nerves,  the  cell-bodies  and 
their  protoplasmic  processes  or  dendrites,  and  other  nerve-struc- 
tures, and  that  the  nervous  system,  as  far  as  the  plasma  is  con- 
cerned, is  an  extension  of  the  general  circulation,  thus  consti- 
tuting what  might  be  termed  the  intraneural  circulation. 

That  the  various  nervous  structures  referred  to  are  longi- 
tudinal channels  or  canaliculi  similar  to  capillaries,  and  that 
the  blood-plasma  circulates  in  these  channels,  is  sustained  by 
considerable  evidence. 

Holmgren"*  found  that  the  reticular  network  of  all  gang- 
lion-cells was,  in  reality,  a  system  of  lymph-eanaliculi  and  that 
the  nucleus  itself  received  two  delicate  vessels.  This  was  con- 
firmed by  Studnickal,  Bethe  and  others.  Donaggio^^"  con- 
ducted similar  researches,  using,  however,  material  from  vari- 
ous parts  of  the  brain  and  spinal  system.  He  not  only  con- 
firmed the  findings  of  his  predecessors,  but  found  that  the  dis- 

f  Stewart:    "Manual  of  Physiology/'  fourth  edition,  p.  592,  1900. 
1"  Cf.  vol.  i,  pp.  532  to  590. 

>»8  Holmgren :    Anatom.  Anzeiger,  Bd.  xvi,  Nu.  7,  S.  161,  1899. 
"•Donaggio:   Rivista  sperimentale,  Fasc.  1,  1900. 
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tribution  and  general  characters  of  the  minute  canaliculi  were 
identical  in  all  types  of  cells,  the  only  variations  being  in  the 
caliber  of  the  canaliculi,  these  minute  channels  being  somewhat 
larger  in  some  cells  than  in  others.  That  it  is  not  lymph,  how- 
ever, as  these  authors  believe,  that  circulates  in  the  ganglionic 
canaliculi,  and  that  it  is  the  blood-plasma — its  vascular  homo- 
logue — is  shown  by  the  earlier  (1886)  experiments  of  Adamkie- 
wicz.^^''  This  observer  found  that  injections  into  blood-vessels 
caused  the  plasma  alone,  i.e.,  blood-plasma  without  blood-cor- 
puscles, to  penetrate  minute  capillaries  which  coursed  in  gang- 
lionic cells. 

Zoology  affords  many  examples  in  which  the  blood-plasma 
circulates  in  the  nerve  ganglia.  This  is  best  shown  in  animals 
whose  blood  contains  no  red  corpuscles  and  in  which  the  haemo- 
globin is  dissolved  in  the  plasma.  Thus,  Eay  Lankester^^' 
found  that  in  the  sea-mouse  the  chain  of  nerve  ganglia  was  a 
bright  crimson  color,  the  hue  in  the  supra-oesophageal  ganglion 
being  as  intense  "as  a  drop  of  fresh  human  blood,"  the  color 
impregnating  "the  nerve  itself."  Gamgee^*^  also  states  that 
"haemoglobin  has  been  found  diffused  in  the  substance  of  the 
nervous  tissue,"  and  that  Hubrecht^-'  "found  hemoglobin  in 
the  red-colored  cerebral  ganglia  of  certain  Nemertine  worms, 
which  possess  no  colored  blood-corpuscles." 

Pathology  supplies  striking  testimony  in  the  same  direc- 
tion. Although  the  fact  that  the  toxin  of  tetanus  affects 
mainly  the  central  nervous  system  has  been  known  a  long  time, 
the  manner  in  which  it  reaches  the  cellular  elements  has  only 
been  established  within  the  last  few  years.  Marie  and  Morax, 
in  1903,^^*  found  that  when  this  toxin  was  injected  into  the 
tissues  it  entered  the  blood.  Thence  it  passed  into  the  motor 
and  vasomotor  nerves,  beginning  with  the  peripheral  nerve 
endings,  and  steadily  progressed  upward  by  way  of  the  axis- 
cylinders,  until  the  central  nervous  system,  cord,  pons,  medulla, 
etc.,  were  saturated.  While  motor  nerves  were  found  to  "ab- 
sorb" toxin  more  rapidly  than  others,  the  sensory  and  sym- 
pathetic nerve  endings  were  also  found  to  take  up  portions  of 

i2«  Adamkiewicz:   Neurol.  Centralbl.,  Bd.  xix,  S.  2,  1900, 

Ray  Lankester:    Proc.  Royal  Soc,  London,  vol.  xxi,  p.  70,  1872. 
Gamgee:    Schafer,  Lor.  cit..  vol.  i,  p.  187. 

i23Hubrecht:    Niederland  Arch.  f.  Zoologie,  Htt.  3,  1876. 

^  Marie  and  Morax:    Ann.  de  I'lnst.  Pasteur,  vol.  xvi,  p.  818,  1902. 
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the  toxin.  These  observations  were  confirmed  by  Meyer  and 
Ransom^^'  by  independent  researches.  They  observed,  more- 
over, that  the  symptoms  of  tetanus  occurred  early  if  the  region 
inoculated  was  near  the  central  nervous  system,  and  that  the 
period  of  incubation  was  long  when  the  inoculation  was  remote 
from  the  cord,  thus  showing  that  the  length  of  the  nerve  gov- 
erned the  period  of  incubation,  a  fact  previously  emphasized  by 
Courmont  and  Doyon.^^®  Meyer  and  Eansom,  moreover,  found 
the  toxin  in  the  axis-cylinders,  and  ascertained  that  when  it 
was  injected  after  these  structures  had  been  severed,  the  upper 
segment  did  not  contain  the  poison.  The  latter  travelled  cen- 
tripetally  and  entered  the  nerve,  not  by  way  of  the  neural  cap- 
illaries, but  by  the  bare  axis-cylinder  endings  in  the  muscle. 
These  and  other  experiments  led  these  investigators  to  conclude 
that  the  toxin  did  not  reach  the  central  nervous  system  by  the 
lymphatics,  but  solely  by  the  axis-cylinders.  They  suggested 
that  there  must  be  in  these  structures  "a  current  of  protoplasm" 
which  carried  the  toxin  to  the  central  cells.  That  the  toxin 
did  not  penetrate  the  axis-cylinders  by  way  of  the  lymphatics 
had  also  been  demonstrated  by  Marie  and  Morax.^^^  These  in- 
vestigators suggested  that  it  was  "absorbed"  by  these  structures. 
With  the  axis-cylinders  as  plasma-capillaries,  we  need  no  tenta- 
tive theories  to  explain  this  process:  It  is  the  blood-plasma 
that  enters  these  minute  channels  to  which  Schafer^^^  refers  as 
"extremely  fine  tubes  filled  with  fluid"  which  carries  the  toxin 
while  coursing  through  them. 

The  presence  of  the  oxidizing  substance,  i.e.,  adrenoxidase, 
in  these  nerve-channels  suggests  itself  in  view  of  the  facts  that 
the  plasma  invariably  contains  this  substance,  as  we  have  seen, 
and  that  it  is  the  albuminous  and  main  component  (94  per 
cent.)  of  haemoglobin,  which  circulates  as  just  shown  in  the 
ganglia  and  nerves  of  some  animals.  But  direct  evidence  to 
this  effect  is  also  available.  As  stated  by  Barker,^^^  "the  con- 
ditions in  the  nerve  structures  essential  to  methylene-blue  re- 
actions" are,  according  to  Ehrlich  (1886),  "(1)  oxygen  satura- 
tion, (2)  alkalinity."  As  is  well  known,  injections  of  methylene- 

325  Meyer  and  Ransom:   Proceedings  Royal  Soc,  vol.  Ixxii,  p.  26,  1904. 

Courmont  and  Doyon:    "Le  tetanos,"  Paris,  1899. 
1"  Marie  and  Morax:    //OC.  cit. 
^  Cf.  vol.  i,  p.  535. 

1^  Barker:   N.  Y.  Med.  Jour.,  May  15,  et  seg.,  1897-98. 
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blue  into  animals  causes  their  axis-cylinders,  nerve-endings,  etc., 
to  become  intensely  blue,  thus  proving  the  presence  of  consider- 
able oxygen  in  these  structures.  Again,  since  the  methylene- 
blue  penetrates  the  nerves,  though  injected  in  the  subcutaneous 
tissues  to  be  absorbed  by  the  blood,  it  is  evident  that  it  is  the 
latter,  or  rather  its  oxygen-laden  plasma,  which  carries  the  stain 
into  the  axis-cylinders,  nerve-endings,  etc. — precisely  as  is  the 
case  with  tetanus  toxin. 

That  the  methylene-blue  actually  penetrates  into  the  axis- 
cylinders  was  recently  demonstrated  by  Meltzer,  of  New  York.^*'* 
Intravenous  injections  were  followed  not  only  by  staining  of 
these  structures  throughout  their  entire  length,  but  when  a 
segment  of  nerve  was  isolated  between  two  ligatures,  it  failed 
to  be  stained,  thus  showing  that  the  methylene-blue  entered  the 
nerve  by  way  of  its  extremities,  central  and  peripheral.  Al- 
though chloride  of  gold  and  nitrate  of  silver  solutions  pene- 
trated the  axis-cylinder  from  the  side,  at  Eanvier's  nodes,  stain- 
ing the  axis-cylinders  a  short  distance,  the  methylene-blue  solu- 
tion circulated  from  end  to  end.  The  concurrence  with  the 
circulation  of  tetanus  toxin  as  to  the  role  of  the  axis-cylinders 
as  channels  for  the  methylene-blue  stained  plasma  is  self- 
evident. 

Again,  as  shown  by  Apathy,  the  structures  stained  with 
methylene-blue  are  also  stained  by  his  chloride  of  gold  method. 
This  coincides  with  Meltzer's  observation  that  the  axis-cylinders 
also  take  both  these  stains.  Now,  Barker  writes :  "Inside  the 
ganglion-cells  a  recticulum  of  fine  fibrils  derived  from  the  neuro- 
fibrils in  transit  can  be  stained  a  beautiful  deep-violet  color  by 
Apathy's  chloride  of  gold  method."  This  confirms  the  obser- 
vation of  Adamkiewicz  as  to  the  circulation  of  blood-plasma  in 
the  ganglionic  cells.  It  explains  also  why  Meltzer  found  that 
the  methylene-blue  entered  the  axis-cylinders  by  way  of  the 
central  nerve-cells  as  well  as  through  peripheral  nerve-endings. 
Indeed,  that  it  is  the  fluid  which  circulates  in  the  axis-cylinders 
that  is  present  in  the  cellular  network  of  neuro-fibrils  is  further 
shown  by  the  familiar  fact  that  the  latter  is  also  stained  by 
methylene-blue.  The  link  with  Meltzer's  observation  now  ap- 
pears:  "Apathy,  Bethe,  Nissl  and  other  histologists  have  all 


Meltzer:   Amer.  Jour,  of  Physiol.,  vol.  x,  p.  xxiv,  1903-4. 
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found  that  the  neuro-fibrils  which  reaxih  the  cell-body  of  a 
neuron  by  way  of  its  dendrites  passed  out  of  it  again  to  take 
part  in  the  formation  of  the  axis-cylinder — thus  entering  the 
latter  from  above,  i.e.,  by  way  of  the  central  cell." 

All  this  points  to  another  fact,  viz.,  that  Apathy's  neuro- 
fibrils are  likewise  channels  for  adrenoxidase-laden  blood- 
plasma,  as  I  suggested  in  the  first  volume,  for  if  it  is  blood- 
plasma  which  carries  the  stains  from  below,  it  is  the  same  fluid 
which  carries  it  from  above. 

While  this  affords  evidence  in  favor  of  the  neuro-fibril 
theory,  it  does  not  support  Apathy,  Bethe,  Nissl  and  their  fol- 
lowers in  the  belief  that  this  theory  overthrows  the  neuron 
doctrine  now  accepted  by  most  neurologists,  including  Dejerine, 
Obersteiner  and  Barker,  and  histologists  such  as  Kolliker, 
Ramon  y  Cajal,  van  Lenhossek  and  van  Gehuchten,  since  the 
neuro-fibrils  can  no  longer  be  considered  as  "conductors,"  as 
plasma  capillaries.  Moreover,  Ramon  y  Cajal  has  shown  re- 
eently^^^  by  means  of  new  staining  methods,  that  the  ends  of 
the  dendrites,  i.e.,  the  neuron's  protoplasmic  extensions,  are 
independent  nervous  elements  with  free  endings,  and  that  they 
are  varicose,  while  the  neuro-fibrils  are  smooth.  The  latter 
were  found  to  form  two  close  networks,  in  which  the  fibrils 
anastomosed  freely,  one  network  extending  between  the  den- 
drites (Golgi's  network),  the  other  sending  large  fibrils  into  the 
cell.  In  some  dendrites  large  fibrils  could  be  traced  to  the 
nucleus,  around  which  they  formed  a  dense  perinuclear  mass. 
As  these,  interpreted  from  my  viewpoint,  are  all  plasma  capil- 
laries, the  neuron  preserves  its  identity  as  an  independent  an- 
atomical structure,  just  as  a  kidney  remains  a  kidney  though 
traversed  by  many  blood-vessels,  and  though  its  parenchyma 
contains  a  multitude  of  capillaries.  The  need  of  these  in  the 
formation  of  the  nerve-impulse  is  shown  by  the  fact  that,  as 
stated  by  Howell,^^^  "a  nerve  placed  in  an  atmosphere  free  from 
oxygen  loses  its  irritability,  and  regains  it  quickly  upon  the  ad- 
mission of  oxygen."  Briefly,  we  are  not  dealing,  as  stated 
above,  with  conductors  of  nerve  energy  as  Apathy,  Bethe  and 
their  followers  believe,  but  with  the  circulation  of  the  neuron. 

Ramon  y  Cajal:   Archives  latines  de  med.  et  de  biol.,  T.  i,  No.  1,  Oct. 
20,  1903. 

"2  Howell:    "T.  B.  of  Physiology,"  p.  113,  1905. 
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This  applies  likewise  to  nucleo-proteid,  the  presence  of 
which  in  nerve-cells  was  shown  in  the  preceding  section.  In- 
teresting in  this  connection  is  a  remark  of  Halliburton's  brought 
out  by  Baumstark,^^*  who  referred  to  "the  chief  proteid  matter 
in  nervous  tissue  as  resembling  casein."  "There  is  a  certain 
amount  of  truth  in  this,"  says  Halliburton,  "for  it  is  a  nucleo- 
proteid."  This  is  true  of  brain-cells  as  well.  Levene^^*  found 
that  "the  nucleo-eompound  of  the  brain  was  a  true  nucleo- 
proteid." 

Although  the  presence  of  ferments  in  nervous  tissues  has 
not  been  determined  specifically,  it  is  a  necessary  factor  in  the 
biochemical  processes  of  which  nerve-cells  and  their  prolonga- 
tions, dendrites  and  axis-cylinders,  are  known  to  be  the  seat. 
Thus,  Halliburton^^^  found  fresh  nervous  tissues  invariably 
alkaline;  and  that  on  exposure  they  rapidly  became  acid.  He 
ascribed  this  change  to  lactic  acid,  stating,  however,  that  Miiller 
and  Gschleiden  had  concluded  that  it  was  due  to  fermentation 
lactic  acid.  We  have  a  counterpart  of  this  process  in  the  for- 
mation of  lactic  acid  in  muscles,  the  sarcolactic  acid.  The 
lactic  acid  formed  in  milk  may  also  be  elaborated,  as  in  muscles, 
irrespective  of  any  bacterial  action.  Thus  Babcock  and  Eus- 
gg|p36  found  that,  notwithstanding  the  total  absence  of  bac- 
terial influence,  insured  by  careful  sterilization,  casein  was 
steadily  being  digested.  Their  experiments  led  to  the  conclu- 
sion that  this  was  due  to  a  ferment  which  they  classed  among 
the  trypsins.  If,  now,  Baumstark's  observation  that  the  "chief 
proteid  matter  in  nervous  tissue"  resembles  casein,  and  Halli- 
burton's remark  that  this  casein-like  body  is  nucleo-proteid,  are 
taken  into  account,  and  the  casein-like  nucleo-proteid  given  the 
position  it  occupies  in  milk  as  a  substance  which  is  being  di- 
gested by  the  trypsin  (considered  elsewhere  as  a  hydrolytic 
triad),  we  have  evidence  to  the  effect  that  catabolism  is  not  only 
a  feature  of  nervous  tissue  metabolism,  but  also  that  it  corre- 
sponds with  that  of  all  other  cells.  Briefly,  I  showed  in  a  pre- 
ceding section,^^^  that  leucocytes  supply  nucleo-proteid  granules 

"3  Baumstark :    Zeit.  f.  physiol.,  Chemie,  Bd.  ix,  S.  145,  1889. 

iMLevene:    Arch,  of  Neurol,  and  Psycho-Path.,  vol.  ii,  Nos.  1-2,  p.  3,  1899. 

Halliburton:   Loc.  cit.,  p.  82. 
""Babcock  and  Russell:   Annual  Rep.  of  Agricul.  Exp.  Sta.,  Univ.  of  W^isc, 
1897. 

Cf.  this  vol.,  p.  902  ei  seq. 
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to  nerve-cells  as  well  as  to  other  cellular  elements ;  we  now  find 
that,  as  in  all  other  cells,  it  is  nucleo-proteid  which  is  broken 
down  by  the  action  of  a  ferment. 

That  nerve-cells  must  be  the  seat  of  metabolism  as  well  as 
other  kinds  of  cells  imposes  itself  as  a  logical  conclusion. 
Soury,^^*  in  his  comprehensive  treatise,  says  in  this  connection: 
"On  the  whole,  the  metabolic  processes  in  the  spinal  ganglia  are 
most  active.  Levi^^"  found  therein  a  quantity  of  granules 
greater  than  in  any  other  nervous  element  in  the  organism.  It 
is  evident  that  the  quantity  of  these  intracellular  exchange 
products  affords  a  criterion  as  to  the  metabolic  activity  of  a 
nervous  element.  Eanvier  has  pointed  out  the  great  vascular 
wealth  of  the  spinal  ganglia  of  mammals.  It  is,  in  fact,  prob- 
able that  not  only  in  the  spinal  ganglia,  but  also  in  nerve-cells 
in  general,  the  metabolic  processes  are  very  active."  He  ad- 
duces as  evidence  to  this  effect  "besides  the  abundant  vascu- 
larization of  all  the  centers  and  nerves  of  the  organism,  the  fact 
that  of  all  the  elements  of  the  body,  the  nerve-cell  is  that  which 
bears  the  least  well  a  diminution  of  oxygen." 

Cytology  and  pathology  furnish  direct  evidence  in  this 
direction : — 

The  predominant  role  of  chromatin  in  the  vital  functions 
of  cells  have  caused  it  to  be  regarded  by  cytologists  as  the  cellu- 
lar living  substance,  that  which  is  being  constantly  disintegrated 
and  replaced  concomitantly  by  new  matter.  This  applies  like- 
wise, as  is  well  known,  to  the  chromatin  of  nerve-cells.  Now, 
Halliburton,^*°  alluding  to  chromatolysis  of  the  Nissl  granules, 
writes:  "It  occurs  in  various  abnormal  states  and  under  the 
influence  of  certain  poisons,  and  its  occurrence  indicates  a 
diminution  of  the  vital  interaction  between  the  highly  phos- 
phorized  nucleus  and  the  surrounding  protoplasm.  Chroma- 
tolysis alone,  however,  is  not  indicative  of  cell  destruction,  and 
the  cell  may  recover  its  functions  later  when  the  abnormal  con- 
dition passes  off."  It  is  evidently  the  nucleo-proteid  which  is 
thus  reduced,  and — as  inferred — replaced ;  for,  as  stated  by  the 
same  author  with  reference  to  the  "fine  dust-like  particles"  into 


'^Soury:    "Syst6me  nerveux  central,"  Tome  ii,  Paris,  1889. 
"'Levi:   Riv.  di  patol.  nerv.  e  ment.,  p.  169  et  seq.,  1896. 
1*0  Halliburton:   Loc.  cit.,  p.  87. 
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which  the  granules  are  reduced,  "micro-chemical  methods  have 
shown  that  they  consist  of  nucleo-proteid." 

The  nerve-cell  differs  from  the  typical  cell  described  by 
zoologists  in  one  particular — a  feature  which  assumes  a  normal 
aspect  in  the  light  of  the  foregoing  evidence,  viz.,  that  its  nutri- 
tion and  its  reproduction  are  not  solely  under  the  domain  of  the 
cell-body,  at  least  in  young  animals. 

"Many  experiments  have  shown,"  says  Verworn,^*^  "that 
protoplasm  is  incapable  of  self-preservation  without  the  cell- 
nucleus,  and  the  nucleus  similarly  incapable  without  the  proto- 
plasm." If,  for  example,  Stentor  Roeselii,  a  trumpet-shaped  in- 
fusorian,  be  cut  so  that  one  piece  will  contain  protoplasm  and 
nucleus,  and  the  other  only  protoplasm,  "the  former  continues 
to  live  and  represents  a  complete  cell,  while  the  other,  possess- 
ing no  longer  the  individuality  of  a  cell,  invariably  perishes." 
As  stated  by  Wilson,  the  latter  ceases  to  assimilate  or  grow,  and 
is  devoid  of  the  power  of  repair.  This  is  thought  by  physiolo- 
gists to  apply  to  nerve-cells ;  thus  Stewart^*^  writes :  "Nerve- 
fibers  are  'bound  in  the  bundle  of  life'  with  the  nerve-cells  from 
which  their  axis-cylinders  arise:  the  connection  between  cell 
and  axon  once  severed,  the  nerve-fiber  dies  inevitably."  That 
this  can  no  longer  be  taken  as  a  guiding-principle,  however,  is 
shown  by  the  following  facts. 

"The  question  of  the  possibility  of  autoregeneration  of  the 
distal  end  of  a  divided  nerve  which  has  been  prevented  from 
uniting  with  its  central  end  is  one  of  great  interest,"  wrote 
Barker  recently.^"  "Bethe  has  repeated  the  earlier  experi- 
ments of  Philippeaux  and  Vulpian,  and  asserts  that  in  young 
animals  autoregeneration  takes  place,  the  Schwann  cells, 
uniting  end  to  end,  building  the  new  nerve-fibers-  and  producing 
not  only  new  axons,  but  actually  new  myelin  sheaths  and  neuro- 
fibrils. Bethe's  experiments  have  been  confirmed  by  Ballance 
and  Stewart  in  England,  van  Gehuchten  in  Belgium,  Barfurth^** 
iu  Germany,  and  recently  by  Raimann."  The  facts  that,  as  we 
have  seen,  axis-cylinders  receive  blood-plasma  by  way  of  their 
peripheral  nerve-endings,  and  that  the  nerve-substance,  includ- 

141  Verworn:  Loc.  fit.,  p.  60. 
"2  Stewart:  Loe.  cit.,  p.  605. 
"3  Barker:    N.  Y.  Med.  Jour.,  Apr.  7,  1906. 

^"Barfurth:    Anat.  Anzeiger,  Jena,  Bd.  xxvii,  Suppl.,  S.  160,  1905. 
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ing  the  myelin,  receives  nucleo-proteid  granules  through  the 
intermediary  of  leucocytes,  readily  account  for  this  phenomenon, 
every  nerve-segment,  whether  above  or  below  the  section,  being 
nourished  as  if  it  were  an  ordinary  tissue-cell. 

Barker  says  also,  however,  that  the  validity  of  the  experi- 
ments referred  to  above  "has  been  denied  by  Munzer  and  by 
Langley  and  Anderson,^*^  the  latter  asserting  that  if  anasto- 
mosis with  other  nerves  in  the  limb  and  all  possibility  of  out- 
growth from  the  central  stump  be  prevented  no  autoregenera- 
tion  occurs/^  In  the  light  of  my  views  these  experiments  im- 
pair in  no  way  the  observations  of  Philippeaux  and  Vulpian, 
Bethe  and  their  followers.  The  process  of  regeneration  being 
intimately  bound  up  with  that  of  nutrition,  the  anastomotic 
branches  of  the  divided  nerve  may  subserve  important  roles  in 
this  function,  both  direct  and  indirect.  Under  these  conditions 
division  of  these  branches  cannot  but  prevent  the  reparative 
process.  This  applies  as  well  to  the  prevention  of  outgrowth 
from  the  central  stump.  If  this  outgrowth  happens  to  be  a  fea- 
ture of  the  regenerative  process,  the  latter  including  a  simul- 
taneous development  of  both  stumps,  artificial  prevention  of 
the  outgrowth  of  one  of  them  must  inevitably  invalidate  the  pro- 
cess of  repair.  Interpreted  from  my  standpoint,  therefore,  the 
experimental  procedures  of  Munzer  and  of  Langley  and  Ander- 
son merely  rendered  the  autoregeneration  of  the  divided  nerve 
impossible  by  impairing  the  mechanism  upon  which  it  depends. 

The  importance  of  this  feature  of  the  problem  lies  in  the 
fact  that  the  regeneration  of  the  peripheral  stump  has  been,  and 
is  now,  regarded,  even  by  the  supporters  of  the  neuron  theory, 
as  a  serious  obstacle.  In  the  light  of  my  views,  it  contributes 
additional  evidence  to  the  effect  that  a  neuron  is  nourished 
throughout  its  entire  length,  and  serves,  with  other  available 
testimony,  to  raise  the  neuron  to  a  higher  position  than  it  now 
occupies,  since  it  emphasizes  the  fact  that  it  is  not  merely  a 
cell,  but  a  structure  composed  of  many  cells,  and  therefore  an 
organ — traversed,  like  all  other  organs,  by  blood  channels. 

Many  investigators,  Capobianco  and  Fragnito,  Paladino, 
Fischer,  Hill,  Bechterew,  van  Gieson,  Sachs,  Nissl  and  others 
have  urged  this  view  to  offset  Waldeyer's  conception  of  the 

Langley  and  Anderson:   Jour,  of  Physiol.,  vol.  xxxi,  p.  418.  1904. 
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neuron  as  a  cell  or  unit,  the  tendency  being  even  to  drop  the 
term  "neuron."^*''  I  can  see  no  practical  advantage  in  this; 
Waldeyer's  term  is  so  generally  accepted  that  a  new  term  would 
merely  introduce  another  source  of  confusion. 

That  a  nerve,  including  the  various  structures  which  con- 
stitute a  neuron,  is  built  of  cells  fused  end  to  end,  is  sustained 
by  considerable  evidence.  Apathy,  Bethe,  Eosenheim  and 
Benda,  Wynn  and  other  histologists  hold  that  the  neuro-fibrils 
are  differentiated  from  these  neuroblasts  or  formative  cells, 
while  the  rest  of  the  cell  becomes  a  sponge-like  reticulum 
destined  to  hold  the  fatty  substance  (casein-like,  to  recall  a 
former  comparison),  the  myelin.  Many  embryologists,  includ- 
ing Hertwig,  Beard  and  Balfour,  besides  Apathy  and  Bethe,  con- 
tend that  the  peripheral  nerves  are  developed  from  migrated 
neuroblasts,  the  end-result  being  that  described  by  histologists. 
Physiology  adduces  the  "avalanche"  phenomenon  observed  by 
PMger,  i.e.,  increase  of  the  intensity  of  the  impulse  throughout 
the  length  of  the  nerve,  and  as  the  segments  increase  in  num- 
ber. Durante^*'^  strongly  urges  this  view,  and  states  that  it  ex- 
plains the  presence  of  normal  nerve  trunks  in  embryos  in  which 
the  central  nervous  system  is  absent.  This  author  also  points 
out — rthe  contribution  of  pathology  to  the  question — that  dur- 
ing Wallerian  degeneration  each  segment  breaks  down  as  a 
separate  entity,  and  that  in  peripheral  neuritis  the  lesions  may 
be  strictly  localized  in  a  single  segment.  Finally  Barker,  re- 
ferring to  the  recent  investigations  of  Capobianco  and  Frag- 
nito,^**  Pighini^*^  and  La  Pegna,^*^"  writes:  "This  pluricellular 
or  catenary  explanation  of  the  origin  of  the  peripheral  fibers 
has  been  extended  even  to  the  dendrites  and  the  nerve-cell  of 
the  central  organs,  certain  Italian  investigators  especially  as- 
serting that  the  rows  of  cells  fuse  inside  the  central  system  to 
give  rise  to  them,  their  nuclei  gradually  disappearing." 

While  all  this  may  be  said  fairly  to  apply  to  the  formation 
of  myelin-sheaths,  the  conclusion  that  the  development  of  the 
axis-cylinder  is  also  a  product  of  the  sheath-cells  is  only  infer- 

"«  Durante:   Le  bulletin  Medical,  Aug.  23,  p.  733,  1905. 

Durante:    Ibid.,  p.  47. 
1"  Capobianco  and  Fragnito:    Annali  di  Neurologia,  vol.  xvii,  1899. 
i"Pighini:    Bibliogr.  Anat.,  Paris  and  Nancy,  T.  xvi,  p.  74-105. 
^™  La  Pegna:   Annali  di  Neuroligia,  vol.  xxii,  1904. 
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ential.  As  stated  by  Bohm,  DavidofE  and  Huber/^^  "the  seg- 
mental structure  of  nerve-fibers  would  seem  to  give  the  impres- 
sion that  they  are  formed  by  a  number  of  cells  fused  end  to 
end;"  but  they  refer  to  their  description  of  the  ganglion  cells 
and  their  processes  as  showing  that  "this  can  be  the  case  only 
so  far  as  the  nerve-sheaths  are  concerned."  All  the  testimony 
submitted  in  this  section  as  to  the  circulation  of  the  plasma 
(the  freedom  with  which  tetanus  toxins  ascend  to  the  nerve- 
cell,  the  end-to-end  circulation  of  methylene-blue,  etc.)  in  the 
axis-cylinder  points  in  the  same  direction.  Barker  recalls  "the 
embryologic  researches  of  His,  which  taught  that  the  axis- 
cylinder  of  a  nerve-fiber  represents  the  outgrowth  from  a  single 
nerve-cell"  and  that  "the  studies  of  Golgi's  preparations  of 
young  embryos  confirmed  in  the  most  striking  way  the  opinion 
of  His."  He  mentions  also  the  recent  experiments  of  E.  G. 
Harrison,^®^  which  conclusively  showed  that  "naked,  non- 
nucleated  fibers  which  could  be  traced  as  such  all  the  way  from 
the  spinal  cord  to  the  extreme  ventral  part  of  the  musculature" 
had  developed  from  the  anterior  horns  "in  the  entire  absence 
of  sheath  cells." 

As  interpreted  from  my  standpoint,  these  fibers  are,  of 
course,  plasma  channels  (the  role  I  have  ascribed  to  them  as 
axis-cylinders  or  neuro-fibrils),  and  not  as  Barker  calls  them 
"motor-nerves,"  nor  even  as  Apathy  terms  them  "conductors." 
In  fact,  as  is  well  known,  and  as  Stewart  says,  the  nerve-im- 
pulse "passes  over  the  nerve  with  a  measurable  velocity."  Evi- 
dence to  the  effect  that  the  axis-cylinder  is  not  a  conductor  is 
also  available  in  Durante's  paper — though  this  observer  was  not 
aware,  of  course,  of  the  identity  of  the  fibers  as  neural  capil- 
laries :  "A  normal  nerve,"  writes  this  clinician,  "is  endowed 
with  two  essential  physiological  properties,  conductibility  (the 
property  of  transmitting  the  nerve-impulse)  and  excitability 
(that  of  transforming  exogenous  vibrations  into  vibrations  capa- 
ble of  being  transmitted  along  nerve-paths).  In  the  course  of 
regeneration,  fifteen  or  twenty  days  after  section  and  immediate 
suture  of  a  motor  trunk,  the  voluntary  movements  recur,  al- 
though electric  excitation  of  the  peripheral  end  gives  no  result 

Bohm,  Davidhoft  and  Huber:    "T.  B.  of  Histology,"  p.  160,  1905. 

R.  G.  Harrison:    Sitzungsber.  d.  Niederrhein  Gesellsch.  Nat.  u.  Heilk., 
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(Duchenne).  Then,  indirect  currents  applied  upon  the  central 
end  [the  sutured  stump]  provoke  contractions,  while  no  result 
is  obtained  by  exciting  the  scar  or  the  peripheral  end  (Erb). 
The  peripheral  end  is  thus  a  conductor  before  being  excitable. 
At  this  stage,  as  Howell  and  Hubert,  Weiss,  etc.,  have  been  able 
to  observe,  this  peripheral  end  is  still  composed  of  imperfectly 
differentiated  embryonic  protoplasmic  tubes.  These  and  other 
facts  tend  to  show  that  the  protoplasm  of  neuroblasts,  even  when 
undifferentiated,  can  alone  transmit,  at  least  partly,  nervous  im- 
pulses, and  this  in  the  absence  of  the  axis-cylinder  which  has 
been  considered  as  the  conductor  par  excellence." 

This  evidence,  backed  by  all  the  data  previously  adduced, 
speaks  for  itself.  Eeferring  to  the  function  of  the  myelin- 
sheath,  Howell^^*  states  (1905)  that  "nothing  that  is  certain 
can  be  said  upon  this  point."  In  the  first  volume^^*  I  pointed 
out  that  it  did  not  act  as  a  mere  insulating  material  as  now  be- 
lieved, this  role  being  probably  fulfilled  by  the  keratin  neuril- 
emma, and  that  it — the  myelin,  or  white  substance  of  Schwann 
— was  the  active  agency  in  the  elaboration  of  the  nerve-im- 
pulse. We  now  see  that  the  true  nervous  matter  is  the  product 
of  a  chain  of  neuroblasts  which,  at  a  given  time,  surrounds  the 
axis-cylinder,  forming  the  so-called  myelin-sheath,  and  that  it 
is  this  structure  which,  in  the  absence  of  the  axis-cylinder, 
transmits  nerve-impulses.  The  "avalanche"  phenomenon  af- 
fording proof  that  the  latter  increase  in  activity  with  the  length 
of  a  nerve,  it  is  plain  that  each  neuroblast  must  contribute  nerve 
energy  to  the  sum  total  produced.  The  neuroblast  being  a  seg- 
ment of  the  myelin,  it  follows  that  I  did  not  err  four  years  ago 
in  considering  the  latter  as  the  source  of  the  nerve-impulse. 

The  identity  of  the  nerve-cells  composing  a  neuraxon  or 
nerve  now  suggests  itself.  The  so-called  myelin-sheath  is  sub- 
divided, as  is  well  known,  at  intervals  varying  from  80  to  900  /* 
by  constrictions,  the  nodes  of  Eanvier,  through  which  the  axis- 
cylinder  passes.  Each  segment  thus  formed  is  a  cell  supplied, 
like  all  other  cells,  with  a  nucleus.  This,  in  the  light  of  my 
views,  is  the  only  true  nerve-cell — the  cell-body  and  its  den- 
drites being  the  sensorium  of  the  whole  structure — while  the 


Howell:  Loc.  cit.,  p.  73. 
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neuron  assumes  the  rank  of  an  organ,  just  as  a  sweat-gland  is 
an  organ. 

Briefly,  this  evidence  has  served  to  show  (1)  that  a  neuron 
is  not  a  cell,  but  an  organ  composed  of  many  cells;  (2)  that 
like  all  other  cells  of  the  body,  the  cells  composing  a  neuron  con- 
tain adrenoxidase,  nucleo-proteid,  and  a  trypsin-like  ferment; 
(3)  that  the  axis-cylinders  are  the  extension  in  the  nerve  of  the 
neuro-fibrils  which  enter  the  dendrites  from  above  and  form  a 
meshworh  in  the  cell-body  {the  main  cell  of  the  neuron)  and 
around  its  nucleus;  (4)  that  the  neuro-fibrils,  including  the  net- 
work in  the  cell-body  and  the  axis-cylinders,  are  not,  as  now  be- 
lieved, conductors,  but  capillaries  which  supply  adrenoxidase- 
laden  plasma  to  the  cells  of  the  neuron;  (5)  that  the  myelin  is 
not,  as  now  believed,  a  mere  insulating  material,  but  the  seat 
of  the  metabolic  processes  to  which  the  formation  of  the  nerve- 
impulse  is  due. 

Other  phases  of  the  question  as  a  whole  must  be  studied  be- 
fore the  process  through  which  the  nerve-impulse  is  produced, 
and  the  nature  of  the  impulse,  can  itself  be  analyzed. 

THE  GRANULATIONS  OF  LEUCOCYTES  AS  LIVING 
SUBSTANCE. 

The  sponge,  as  we  have  seen,  is  to  a  certain  extent  a 
counterpart  of  the  cell-aggregates  which  constitute  many  highly 
differentiated  organs,  both  as  to  structure  and  as  to  the  manner 
in  which  their  existence  as  living  organisms  is  maintained.  Its 
channels  are  traversed,  as  shown  by  Eobert  Grant,  in  1820,  by 
water  currents  (propelled  by  ciliated  collar-cells),  which  enter 
by  minute  pores  and  leave  by  larger  apical  apertures.  As 
stated  by  Professor  Minchin,^''^  the  animal  receives  in  this  way 
"a  supply  of  oxygen  for  respiration."  If  we  compare  these 
minute  afferent  pores  with  the  permeable  walls  of  our  capil- 
laries and  the  efferent  apertures  of  the  sponge  with  our  lymph- 
vessels,  substituting  for  the  water  currents  our  plasma  currents 
(which  become  lymph  currents  in  the  lymphatic  spaces),  con- 
siderable analogy  between  the  irrigating  process  of  the  sponge 
and  that  of  our  tissues  will  appear.  Just  as  a  sponge  is  "a 
city  of  cells,"  with  canals  coursing  between  them,  so  are  our 
tissues  "cities  of  cells"  with  canals,  our  intercellular  spaces,  the 


Minchin:   Ray  Lankester's  "Treatise  on  Zoology,"  Pt.  ii,  1900. 
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lymph-streams,  simply  replacing  the  sea-water  streams.  In- 
deed, LoiseP^**  has  compared  the  mesoglcea  of  sponges  to  lymph. 
This  striking  analogy  applies  even  to  the  porous  walls  in  which 
the  colonies  are  encased,  since  our  tissue-cells  are  likewise  en- 
closed in  porous  connective  tissue.  A  group  of  sponge-cells  may 
thus  be  said  to  exemplify  the  tissue-cells  in  one  of  our  lymph 
spaces.  Finally,  the  excurrent  canals,  as  the  analogues  of  the 
lymphatic  capillaries,  serve  similarly  as  a  drainage  system  for 
these  cavities.  "By  the  outgoing  current,"  writes  Minchin,^^'^ 
referring  to  sponges  in  general,  "the  waste  products  of  metab- 
olism are  removed  from  the  body." 

The  manner  in  which  the  tissue-cells  of  these  lowly  animals 
are  nourished  corresponds  also — in  the  light  of  my  views — 
with  that  of  our  own  tissues,  Fiedler's  "ISTahrzellen,"  i.e.,  nour- 
ishing-cells or  tropJiocytes,  being,  as  their  name  indicates,  recog- 
nized by  naturalists  as  food-bearers,  while  their  granules  find 
their  counterpart  in  "excessively  minute"  cells  referred  to  by 
Minchin,  which  "often  occur  in  nests  as  if  they  had  originated 
from  the  breaking  up  of  larger  cells,"  i.e.,  the  wandering  cells 
or  leucocytes.  That  these  cells  can  supply  their  granulations  as 
nutritive  particles,  is  also  rendered  evident  by  the  observations 
of  zoologists.  Minchin,^^^  referring  to  the  researches  of 
Maas,^^"  writes:  "In  Spongilla  each  ovum  becomes  surrounded 
by  a  follicle  formed  of  the  parenchyma,  amongst  which  a  cer- 
tain number  of  trophocytes  work  their  way.  The  trophoeytes 
are  concerned  with  the  nutrition  of  the  ovum.  .  .  .  The  nu- 
triment received  from  the  trophocytes  being  worked  up  into  yolk 
granules."  We  will  see  presently  that  the  nutrition  is  but  a 
prototype  of  the  mode  of  nutrition  of  all  cells. 

The  role  of  these  trophocytes  exemplifies  the  general  func- 
tion carried  on  by  leucocytes  in  the  nutrition  of  cellular  ele- 
ments in  the  higher  organisms,  as  I  interpret  it,  the  parenchy- 
matous follicles  representing  a  "city  of  cells"  in  our  lymph  spaces. 
The  conversion  of  the  nutriment  into  yolk  granules  is  ascribed 
by  Maas,  however,  to  an  intrinsic  process  in  the  recipient,  i.e., 
the  ovum;  but  as  we  have  seen,  there  is  ample  evidence  to  show 
that  the  leucocytes  themselves  convert  food-stuffs  into  assimil- 

'^"Loisel:   Jour,  de  I'Anat.  et  de  la  Physiol.,  vol.  xxxiv,  pp.  1-187,  1898. 

1"  Minchin:   Loc.  cit. 

1^  Minchin:   Loc.  cit.,  p.  61. 

Maas:    Anat.  Anzeiger,  Bd.  xvi,  Nu.  12,  S.  290,  1899. 
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able  end-products,  their  granulations.  Again,  I  have  referred 
to  these  cells  as  "tissue-builders;"  even  this  cardinal  function 
is  exemplified  by  their  role  in  the  sponge.  Professor  Minehin, 
for  example,  states  that  "arehseocytes,"'  the  name  given  to  these 
wandering  cells  when  they  assume  the  role  of  germ-cells,  "are 
capable  of  giving  rise  again  as  sexual  cells,  to  the  whole  organism, 
or,  in  the  gemmules,  to  any  form  of  tissue.^' 

The  function  that  leucocytes  can  fulfill  in  this  connection, 
i.e.,  as  tissue-builders  and  germ-cells,  is  of  far-reaching  im- 
portance. It  affords  (1)  a  clue  to  the  manner  in  which  the 
leucocyte  granulations  penetrate  tissue-cells  to  carry  on  their 
functions  therein,  and  (2)  proof  that  they — the  leucocyte 
granulations — are  living  organisms  in  the  sense  that  sperma- 
tozoa are  living  cells. 

A  spermatozoon,  in  fact,  differs  but  little  from  a  leucocyte 
granulation.  "The  head  of  the  spermatozoon  represents  the 
nucleus,"  writes  Howell,^®°  "and  contains  the  valuable  chro- 
matin material."  We  have  seen  that  the  phosphorus-laden 
nuclein  is  the  active  agent  of  the  granulations.  The  same 
physiologist  says:^"^  "These  heads  consist  entirely  of  nuclear 
material."  .  .  .  "Miescher,  in  investigations  upon  the  sperma- 
tozoa of  salmon,  discovered  that  the  heads  are  composed  essen- 
tially of  an  organic  combination  of  phosphoric  acid,  since 
designated  as  nucleic  acid,  united  with  a  basic  albuminous  body, 
protamin.  This  view  has  been  confirmed  and  extended  by  later 
observers,  especially  Kossel  and  his  pupils."^®^  Inasmuch 
as  protamin  is  a  proteid,  the  head  of  a  spermatozoon  may  be 
said  to  be  composed,  like  a  leucocyte  granulation,  of  nucleo- 
proteid.  Again,  as  likewise  shown  by  Kossel,  the  quantity  of 
alloxuric  bases  is  considerable  only  in  blood  rich  in  leucocytes. 
"In  such  blood,"  says  Hammarsten,^®^  "Kossel  found  1.04  per 
mille  nuclein  bases  against  only  traces  in  the  normal  blood." 
Now,  Howell,  alluding  to  the  nucleic  acid  in  the  spermatozoa  of 
the  salmon,  states  that  "on  decomposition  by  hydrol3'sis  it 
yields  at  first  some  of  the  purin  bases  (adenin,  guanin)  .  .  " 
etc.  Even  the  minuteness  of  the  leucocyte  granulation  is  a 
known  characteristic  of  the  head  of  the  spermatozoon. 

18"  Howell;  tor.  cit.,  p.  850. 
"1  Howell:    Loc.  cit.,  p.  862. 

is^Burian:    Ergebnisse  der  Physiol.,  Bd.  iii,  Hft.  1,  1904. 
"2  Hammarsten:   Loc.  cit.,  p.  131. 

2—9 


930         ADRENAL  PRINCIPLE  AS  DYNAMIC  VITAL  ELEMENT. 

This  analogy  between  the  head  of  the  spermatazoon  and 
the  leucocytic  granulation  as  to  their  biochemistry  is  certainly 
striking.  It  extends  also  to  the  motility  of  the  organisms.  As 
observed  by  Stokes  and  Wegefarth,  Sangree,  Gulland,  Bail  and 
Leo  Loeb/®*  the  granulations  actually  leave  the  leucocyte  and 
show  considerable  agitation.  Sangree^®^  saw  fifty  or  sixty 
granulations  leave  a  leucocyte  at  a  time,  with  considerable  velo- 
city; some  moving  away  oscillating  while  others  in  masses 
"would  move  in  one  direction,  wave  this  way  and  that,  and 
finally  return  to  the  central  body" — the  cell. 


Leucocyte  Granulations  in  the  Act  op  Penetrating  the 
Cell-body  of  a  Neuron.  (Sajous). 

Now  regarded  as  the  "terminal  buttons  of  Auerbach."  Two 
large  funicular  cells  of  the  spinal  cord  of  the  adult  rabbit.  After 
Ramon  y  Cajal,  1903.  (Barker). 

The  granulations  of  leucocytes  are  thus  similar  to  sperma- 
tozoa in  chemical  composition,  staining  properties;  like  these 
organisms  they  are  motile — the  motions  in  both  being  vibratile — 
and  they  are  capable  of  becoming  chromosomes  in  the  process 
of  reproduction.  They  are  practically  tailless  spermatozoa 
such  as  those  of  myriapods,  and  when  "they  work  their  way" 
into  the  tissues,  and  enter  cells  in  aggregated  masses  (as  in  the 
cell-body  of  neurons),  recall  the  spermatophores  of  certain  uro- 
deles.  The  penetration  of  the  granulations  into  tissue-cells 
thus  becomes  a  normal  feature  of  the  process  of  nutrition;  they 
enter  the  cell  as  a  spermatozoon  enters  an  ovum.  In  my 
opinion  Auerbach's  "terminal  buttons"  are  naught  else  than 
such  granulations,  as  shown  in  the  annexed  illustration. 

Cf.  this  vol.,  p.  887. 
"s'Sangree:    Medical  Bulletin,  Jan.,  1898. 
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That  they  are  living  bodies  is  another  conclusion  imposed 
by  their  correspondence  with  spermatozoa,  which  are  themselves 
regarded  as  living  cells.  Landois/*"^  for  example,  writes  that 
"the  spermatozoa  of  the  frog  may  be  frozen  four  times  succes- 
sively without  injury;  they  endure  a  heat  of  43.75°  C.  and  con- 
tinue to  live  for  seventy  days  in  the  testicle  transplanted  to  the 
abdominal  cavity  of  another  frog."  Now,  we  have  seen  that  the 
head  of  the  spermatozoon  contains  chromatin  and  also  that  all 
cells  show  among  the  granules  in  their  protoplasm  some  that 
correspond  in  their  staining  properties  and  chemical  composi- 
tion with  those  of  leucocyte  granulations. 

If,  however,  these  granulations  are  living  structures,  the 
cellular  chromatic  granules  should  also  be  endowed  with  life. 
Henle  (1841),  and  subsequently  Bechamp  and  Estor,  Maggi  and 
Altmann  held  that  "microsomes  are  actually  organic  units  or 
bioblasts  capable  of  assimilation,  growth  and  division,  and  hence 
to  be  regarded  as  elementary  units  of  structure  standing  be- 
tween the  cell  and  the  ultimate  molecules  of  living  matter.^®'^ 
Altmann^s  conception,^'^*  the  most  comprehensive,  was  that  a 
cell  was  a  colony  of  such  elementary  granules  or  "bioblasts" 
capable  of  leading  an  independent  existence.  Bacteria,  for  in- 
stance, were  considered  as  "bioblasts;"  so  were  waste-products, 
oil-droplets,  and  many  other  heterogeneous  substances.  Such  a 
widespread  application  of  the  theory  caused  it  naturally  to  be 
received  with  great  skepticism,  and  practically  to  be  set  aside 
when  bacteria  were  found  to  be  cells.  As  shown  below,  how- 
ever, there  is  good  ground  for  the  view  that  the  microsomes  of  a 
cell  are  living  entities.  Indeed,  it  is  possible  also  that  leucocyte 
granulations  may  prove  to  be  cells  in  keeping  with  sperma- 
tozoa. Minchin,  for  example,  refers  to  the  granules  derived 
from  the  trophocytes  of  sponges  as  "excessively  minute  cells" 
having  "a  nucleus  and  a  clear  cytoplasm."  Miiller^''®  also 
alludes  to  markedly  active  granules  found  in  lymph  "enclosed 
in  an  albuminoid  covering." 

Many  other  investigators,  as  previously  stated,  have  based 
comprehensive  theories  on  the  presence  in  all  cells  of  living 

'""Landois:    "T.  B.  ot  Human  Physiology,"  Amer.  edition,  p.  945,  1905. 
"^Wilson:    Loc.  cit.,  p.  21. 

i«8  Altmann:    Archiv  f.  Anat.  u.  Physiol.,  Physiol.  Abth.,  S.  524,  1889. 
I'^Miiller:    cited  by  Berdal,  "Histologie  normals,"  Paris,  1894. 
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or  viable  units.  The  "physiological  units"  of  Herbert  Spencer, 
to  which  this  great  philosopher  ascribed  the  phenomena  of 
regeneration,  development  and  heredity,  Weismann's  "bio- 
phores,"  Beale's  "bioblasts,"  Verworn's  "biogens,"  and  the  vari- 
ous hypothetical  units  of  cellular  organization  and  function  in- 
troduced in  the  writings  of  Darwin,  de  Vries,  Haeekel,  Foster 
and  other  authorities,  certainly  point  to  the  need  of  such  ele- 
mentary bodies  to  account  for  vital  phenomena.  Indeed,  Ver- 
worn  refers"''  to  his  "biogens"  as  "the  real  bearers  of  life," 
hence  to  living  units. 

Again,  Wilson,  after  reviewing  some  of  the  foregoing  evi- 
dence, and  referring  to  cells  in  general,  writes :  "Many  of  the 
granules,  especially  the  larger  and  more  obvious  of  them,  are 
unquestionably  inert  bodies,  such  as  reserve  food-matters,  sus- 
pended in  the  meshwork.  Others  are  the  nodes  of  the  network 
or  optical  sections  of  the  threads.  But  there  is  some  reason 
to  believe  that,  apart  from  these  appearances,  discrete  living 
particles  may  form  a  constant  and  essential  feature  of  the  pro- 
toplasmic thread.  These  particles,  now  generally  known  as 
microsomes  (Hanstein,  '82),  are  embedded  in  threads  of  the  net- 
work." The  latter  does  not  alone  embody  the  living  constitu- 
ents of  the  cell,  for  he  says,  elsewhere,^^^  after  reviewing  the 
labors  of  Van  Beneden,  Heidenhain,  Eeinke  and  Schloter: 
"When  all  these  facts  are  placed  in  connection,  we  find  it  diffi- 
cult to  escape  the  conclusion  that  no  definite  line  can  be  drawn 
between  the  cytoplasmic  microsomes  at  one  extreme  and  the 
chromatin  granules  at  the  other.  And  inasmuch  as  the  latter 
are  certainly  capable  of  growth  and  division,  we  cannot  deny 
the  possibility  that  the  former  may  have  like  powers." 

This  conclusion  harmonizes  with  my  own  reached  from  a 
different  direction,  both  as  to  the  functional  relationship  of  the 
nutritional  leucocyte  with  the  tissue-cell,  and  as  to  the  kinship 
of  its  granulations  with  the  biochemical  structure  of  the  sperma- 
tozoon and  its  role  in  reproduction.  Just  as  the  germ-cell  is 
a  living  unit,  so  is  the  chromatin  granule  or  microsome  a  living 
unit,  and  the  leucocyte  granulation,  being  naught  else  than  a 
chromatin  granule  when  transferred  to  the  tissue-cell,  is  like- 


""Verwom:  Loc.  cit.,  p.  484. 
"1  Wilson:   Loc.  cit.,  p.  223. 
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wise,  therefore,  a  living  unit.  So  close  a  kinship  between  the 
spermatozoon  and  the  leucocyte  granulation  appears  anomalous; 
but  we  must  not  overlook  the  fact  that,  interpreted  from  my 
standpoint,  the  granulation  perpetuates,  as  nutritional  sub- 
stance, what  the  spermatozoon  initiates,  i.e.,  the  life  process. 

This  evidence  appears  to  me  to  warrant  the  following  con- 
clusions: (1)  that  the  granulations  of  leucocytes  are  living 
units  which  perpetuate  in  the  organism  what  the  spermatozoa 
initiate  in  the  ova,  viz.,  the  vital  process,  the  cellular  develop- 
ment; (2)  that  when  leucocytes  migrate  from  the  blood  to  the 
tissue-cells  in  the  lymph  spaces,  the  granulations  they  secrete 
therein  penetrate  into  the  cells  as  spermatozoa  penetrate  into  the 
ova;  and  (3)  that  the  granulations  of  nutritional  leucocytes  be- 
come the  nucleo-proteid  chromatin  granules  or  microsomes  of 
tissue-cells. 

THE  ACTIVE  PRINCIPLE  OF  ADRENOXIDASE  AS  THE 
DYNAMIC  ELEMENT  OF  LIFE. 

The  leueopytes,  as  we  have  seen,  supply  granulations  to  the 
tissue-cells  and  constitute  their  chromatin  granules.  An  im- 
portant discrimination  becomes  necessary  in  this  connection, 
however.  Wilson,  referring  to  the  investigations  of  Heiden- 
hain,  confirmed  by  Eeinke  and  Schloter,  states  that  "the  nuclear 
network  contains  granules  of  two  kinds,  diifering  in  their  stain- 
ing capacity.  The  first  are  &asichromatin  granules,  which  stain 
with  true  nuclear  dyes  (basic  anilines)  and  are  identical  with 
the  'chromatin  granules'  of  other  authors.  The  second  are  the 
ox?/chromatin  granules  of  the  linin  network,  which  stain  with 
plasma  stains  (acid  anilines,  etc.),  and  are  closely  similar  to 
those  of  the  cytoreticulum"  or  network.  The  first  are  evidently 
the  nucleo-proteid  granules  derived  from  leucocytes,  since  Heid- 
enhain  found,  in  accord  with  other  physiological  chemists,  that 
"basichromatin  is  a  substance  rich  in  phosphorus  {i.e.,  nucleic 
acid)."  The  identity  of  oxychromatin  is  as  self-evident,  but  its 
importance  in  the  vital  process  is  so  great  that  I  will  submit, 
along  with  the  data  which  indicate  the  role  of  oxychromatin, 
testimony  to  the  effect  that  this  substance  is  adrenoxidase. 

Huxley's  definition  of  life:  "A  universal  disintegration 
and  waste  of  oxidation,  and  its  concomitant  reintegration  by  the 
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intussusception  of  new  matter/'  depicts  the  sequence  of  events 
in  cellular  metabolism.  This  conception  involves  first  of  all 
the  breaking  down  of  worn,  though  still  living  substance,  and 
its  replacement  by  materials  derived  from  the  exterior,  but  evi- 
dently capable  only  of  acquiring  life.  As  Spencer  says:  "No 
separate  molecule  of  proteid  possesses  vitality." 

The  manner  in  which  the  first  part  of  the  process,  the  dis- 
integration of  living  matter,  is  brought  about,  is  suggested  in 
the  following  lines  by  Chittenden:  "Chemical  study  has  shown 
that  nucleo-proteids,  by  simple  hydrolysis  with  mineral  acids  in 
a  flask,  can  be  broken  down  in  some  form  of  proteid,  phosphoric 
acid  and  one  or  more  purin  bases,  such  as  adenin,  guanin, 
xanthin  and  hypoxanthin  ....  Too  much  stress  cannot  be  laid 
upon  the  easy  convertibility  of  the  free  purin  bases,  adenin, 
guanin,  hypoxanthin  and  xanthin  into  uric  acid  by  virtue  of 
the  action  of  the  intracellular  enzymes  present  in  so  many  of  the 
organs  and  tissues."  This  undoubtedly  applies  to  chromatin  dis- 
integration, for,  as  stated  by  Halliburton,^^^  Hoppe-Seyler 
found  that  the  true  nucleins,  those  found  in  the  cell  nuclei, 
yield  "proteid  xanthin  and  alloxuric  bases"  and  "phosphoric 
acid,"  and  that  the  nuclei  "richest  in  nucleic  acid  occur  in 
the  chromatic  fibers  of  the  nucleus." 

In  the  light  of  these  facts  it  is  evident  that  "disintegra- 
tion and  waste  by  oxidation,"  as  expressed  by  Huxley,  no  longer 
represents  the  process  through  which  the  living  portion  of  the 
cell  is  destroyed,  according  to  the  more  advanced  teachings  of 
physiological  chemistry.  Indeed,  as  we  have  seen  in  the  pre- 
ceding ehapters,^''^  catabolism  is  not  attended  by  cellular  com- 
bustion, but  by  hydrolytic  cleavage. 

Again,  Gautier,^^*  who  pointed  out  as  far  back  as  1881, 
that  cellular  metabolism  occurred  without  the  direct  participa- 
tion of  oxygen,  as  in  the  ease  of  anaerobic  bacteria,  also  at- 
tributed the  disintegration  of  the  living  substance  to  hydrolytic 
cleavage.  He  writes,  however,  referring  to  the  cell:  "It  is 
at  the  expense  of  its  products  that  the  phenomena  that  furnish 
the  animal  the  major  part  of  its  heat  and  energy  occur."  As 
interpreted  from  my  standpoint,  it  is  not  at  the  expense  of  its 


"2  Halliburton:   Schafer's  "T.  B.  of  Physiol.,"  vol.  i,  p.  66,  1898. 

Of.  this  vol.,  chapte'S  xiii  and  xiv. 
"*  Gautier:    "La  cellule  vivante,"  Paris,  1881. 
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products  that  this  bulk  of  heat  energy  is  liberated.  Indeed,  the 
prevailing  doctrine  does  not  enlighten  us  as  to  the  manner  in 
■which  this  energy  is  produced.  "If  heat  is  indispensable  to  liv- 
ing beings,"  says  Morat,  of  Lyons,"'^  "if  the  animal  has  framed, 
as  it  were,  all  its  evolutional  development  so  as  to  regulate 
it  at  a  fixed  and  invariable  rate;  if  it  spends  combustible  ma- 
terials in  such  quantities  to  uphold  it  to  a  certain  level  when 
there  is  no  danger  of  losing  it;  and  if  it  wastes  and  rids  itself 
of  it  so  actively  when  threatened  with  an  excess  of  it,  heat  must 
be  endowed  with  some  role  of  the  very  first  order  and  absolutely 
general  in  its  bearing  upon  the  elementary  reactions  which  sils- 
tain  life,  while  giving  the  latter  its  maximal  activity  and  value. 
It  is  this  role  that  we  cannot  discern,  not  even  properly  define. 
We  are  reduced  to  the  realization  that  such  a  degree  of  heat 
is  useful;  that  another  is  bearable  and  that  another  is  harm- 
ful, but  we  cannot  give  the  reasons  for  this." 

Still,  Morat  touches  the  keynote  of  the  true  process — in 
the  light  of  my  views — when  he  adds:  "It  seems,  however, 
that  we  can  connect  this  factor  with  the  conception,  still  so 
vague,  of  fermentation.  Fermentation  is  the  paramount  chemi- 
cal process  of  the  living  being;  fermentation  characterizes  life; 
Life  is  a  fermentation!"*  It  is  not  to  hydrolytic  cleavage,  due 
to  the  action  of  trypsin,  however,  that  Professor  Morat  refers. 
After  defining  the  properties  of  catalytic  agents,  he  writes: 
"The  ferment  is  thus  endowed  with  the  most  general  character- 
istic of  living  beings :  it  modifies  its  environment  in  a  specific 
way  without  disappearing  itself,  that  is  to  say,  while  preserving 
itself."  The  final  purpose  of  this  catalytic  ferment  in  the  vital 
process  is  then  brought  forth  in  the  sentence:  "In  doing  so, 
it  awakens  thermogenic  reactions." 

Yet,  how  does  a  catalytic  ferment  awaken  these  heat-pro- 
ducing reactions?  Obscurity  recurs  in  this  connection.  The 
author  ascribes  the  intracellular  process  to  the  fact  that  "some 
agent  is  capable  of  converting  some  such  commonplace  energy  as 
heat  into  modalities  of  energy  commensurate  with  the  reaction 
to  be  obtained."  This  is  the  characteristic  effect  of  the  fer- 
ment, but  the  main  feature  of  the  problem  is  left  unsolved. 


*  The  italics  are  Prof.  Morat's  own. 
Morat:    Morat  and  Doyon,  "Traite  de  Physiologie,"  Paris,  1899. 
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Indeed,  Morat  states  that  "this  enlightens  us  in  no  way  upon 
the  intimate  mechanism  of  its  action." 

The  identity  of  the  agent  that  is  capable  of  carrying  on 
these  functions  suggests  itself  in  the  light  of  all  the  evidence 
I  have  submitted,  namely,  adrenoxidase.  We  have  seen:  (1) 
that  its  active  principle,  that  of  adrenal  secretion,  is  not  only  a 
ferment,  but  the  "ferment  of  ferments"  and,  therefore,  a  com- 
ponent of  all  cells;  (2)  that  it  acts  as  a  catalytic  agent  or  "oxy- 
gen transmitter"  in  all  animals  provided  with  adrenals,  and  that 
its  analogue  in  animals  which  are  not  known  to  possess  such 
organs,  and  in  plants  likewise,  acts  as  a  catalytic,  and  finally, 
(3)  that  it  acts  as  a  thermogenic  agent  when  its  loose  oxygen 
is  brought  into  contact  with  the  phosphorus  of  nucleo-proteid 
granules. 

Adrenoxidase  thus  meets  all  the  conditions  expressed  by 
the  word  "fermentation"  as  Morat — voicing  the  trend  of  modern 
research — interprets  it.  It  follows,  therefore,  that  since,  as  he 
says,  "Life  is  a  fermentation,"  adrenoxidase  is  the  dynamic 
agent  in  the  vital  process. 

What  function  does  adrenoxidase  fulfill  in  the  cell? 

Pfeffer""  writes :  "Various  post-mortem  oxidations  may 
occur  after  death,  as  for  example  when  the  sap  of  Monotropa, 
Vicia  faba,  etc.,  turns  brown.  These  appear  to  be  produced  by 
the  action  of  certain  substances  to  which  the  provisional  name 
of  oxydases  may  be  given."  Gautier,"''  alluding  to  this  sap, 
states  that  "it  is  always  acid^  while  the  protoplasmic  portion 
is  always  slightly  alkaline."  He  also  says  that  it  contains,  be- 
sides acids,  various  "products  of  the  cell,"  including,  among 
other  substances,  pigments,  extractives,  sugars,  fats,  and  alka- 
loids, which  "the  protoplasmic  pockets,"  i.e.^  the  vacuoles,  "could 
be  seen  in  certain  instances"  to  eliminate.  Now,  the  animal 
cell  is  similarly  supplied  with  excretory  channels.  Bohm, 
Davidoff  and  Huber  state,^^*  for  example,  that  among  the 
various  structures  that  protoplasm  contains  "the  vacuoles  de- 
serve special  mention.  They  are  more  or  less  sharply  defined 
cavities  filled  with  fluid,"  add  these  histologists,  "and  vary  con- 
siderably in  number  and  size.    The  fluids  that  they  contain 


176  pfelfer:    "Physiology  of  Plants,"  vol.  i,   p.  545,  1900. 

Gautier:   Loe.  cit.,  p.  17. 
"8  Bohm,  Davidoff  and  Huber:    Loc.  cit.,  p.  61,  1905. 
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differ  somewhat,  but  are  always  secreted  by  the  protoplasm,  and 
are,  as  a  rule,  finally  emptied  out  of  the  cell."  It  is  plain  that 
the  products  thus  eliminated  are  wastes — the  identical  wastes 
or  decomposition  products  which,  we  have  seen,  it  is  one  of  the 
functions  of  the  lymph  to  sweep  away.  In  fact,  the  fluid  se- 
creted by  the  cell  evidently  corresponds  with  lymph,  since  no 
fluid  other  than  this  is  derived  from  cellular  elements.  Again, 
the  presence  of  oxidase  in  the  lymph  of  plants  affords  additional 
proof  that  we  are  dealing  with  lymph,  since  we  know  that  our 
tissue-cells  are  bathed  in  blood-plasma,  which  invariably,  we 
have  seen,  contains  adrenoxidase,  derived  from  the  adjoining 
capillaries. 

An  important  feature  of  the  question  in  point  asserts  itself 
in  this  connection:  "The  plasma  of  the  blood,"  writes 
Howell,^''''  "makes  its  way  through  the  thin  walls  of  the  capil- 
laries, and  is  thus  brought  into  immediate  contact  with  the  tis- 
sues, to  which  it  brings  ....  oxygen  of  the  blood  and  from 
which  it  removes  the  waste  products  of  metabolism."  In  other 
words,  according  to  the  present  (1905)  teachings,  it  is  the  oxy- 
gen of  the  plasma  that  is  supplied  to  the  tissue-cells,  and  the 
plasma  itself,  which  has  become  lymph,  merely  "bathes"  the 
exterior  of  the  cells,  sweeping  off  the  wastes  it  eliminates.  As 
stated  by  Landois,^***  however,  "It  can  be  conceived  that, 
through  contraction  and  diminution  in  size  of  their  cell  bodies 
.  .  .  .  they  [the  cells]  might  exert  suction  upon  the  blood- 
plasma  transuded.  If  the  cells,  themselves,  then  take  up  the 
transuded  fluid,  the  conception  is  permissible,  further,  that  by 
subsequent  contraction  they  express  this  fluid  in  a  certain  di- 
rection, namely,  from  secretory  space  to  secretory  space,  to- 
ward the  lymph-capillaries." 

This  suggestion  harmonizes  perfectly  with  the  facts  em- 
bodied in  the  preceding  paragraph.  Indeed,  the  data  I  have 
submitted  in  the  foregoing  pages  indicate  (1)  that  it  is  not 
around  the  tissue-cells  that  the  blood-plasma  passes,  but  through 
these  cells,  and  (2)  that  they  do  not  absorb  oxygen  from  the 
plasma,  but  that  the  intrinsic  cellular  process  involves  the  ac- 


Howell:  Loc.  cH.,  p.  427. 
Landois:   Loc.  cit.,  p.  362. 
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tive  participation  of  the  adrenoxidase  which  passes  through  the 
cells  with  the  plasma. 

This  accounts  for  the  fact  that  oxidase  is  present  in  the 
fluid  eliminated  by  way  of  the  vacuoles,  the  cellular  emunc- 
tories,  and  for  the  observation  of  Abelous  and  Biarnes"^  that 
tissues  are  even  richer  in  oxidase  than  the  blood  itself.  Lillie^*- 
found,  moreover,  that  animal  cells  were  endowed  with  oxidiz- 
ing properties  and  that  Ijonphocytes  and  leucocytes  contained 
oxidase.  Again,  if,  as  I  have  pointed  out,  axis-cylinders  and 
neuro-fibrils  contain  this  substance — adrenoxidase — and  that  it 
is  on  this  account  that  they  take  methylene-blue,  the  ground- 
substance  or  cytoplasm  of  cells  should  also  take  this  stain. 
GuUand,^*^  in  an  illustrated  study  of  the  granular  leucocytes, 
shows  several  methylene-blue  stained  cells,  in  which  the  cyto- 
plasm, along  with  other  structures  to  be  described  presently, 
took  the  stain.  It  is  evident,  therefore,  that  the  cells  absorb 
the  adrenoxidase-laden  plasma  as  it  enters  the  lymph-spaces, 
and  that  they  eliminate  it — probably  by  contracting  periodic- 
ally— with  all  wastes,  by  way  of  their  vacuoles. 

The  framework  of  the  cell,  the  cytoreticulum,  was  called 
by  Leydig  its  "spongioplasm,"  so  greatly  did  it  recall  that  of 
the  sponge.  Referring  to  this  structure,  Wilson^^*  states  that 
"it  is  composed  of  irregular  rows  of  distinct  granules  which 
stain  intensely  blue  with  hematoxylin,  while  the  substance  in 
which  they  are  imbedded,  left  unstained  by  haematoxylin,  is 
colored  by  red  acid  aniline  dyes,  such  as  Congo  red  or  acid 
fuchsin."  Elsewhere,  in  describing  a  diagram^*^  of  a  cell,  he 
says  that  "its  basis  consists  of  a  thread-work  (mitome  or  reti- 
culum) composed  of  minute  granules  (microsomes)  and  travers- 
ing a  transparent  ground-substance."  Again,^®*  recalling  the 
researches  of  Van  Beneden  and  his  own,  he  writes :  "It  is  cer- 
tain that  the  microsomes  are  not  merely  nodes  of  the  network, 
or  optical  sections  of  the  thread,  as  the  earlier  authors  main- 
tained." 

What  is  the  nature  of  these  microsomes  ? 


^''Abelous  and  Biarnes:    Loc.  cit, 

"^Lillie:  Amer.  Jour,  of  Physiol.,  vol.  vii,  p.  412,  1902. 
's^Gulland:    Jour,  of  Phvsiol.,  vol.  xix,  p.  27,  1895-96. 

Wilson:    Loc.  cit.,  p.  213. 

Wilson:   Loc.  cit.,  p.  14. 

Wilson:   Loc.  cit.,  p.  213. 
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The  network  of  the  nucleus  contains,  as  previously  stated, 
basichromatin.  granules  and  oxychromatin  granules.  Again, 
Wilson  refers  to  the  latter  as  ''closely  similar  to  those  of  the 
cytoreticulum"  or  cellular  network  in  their  staining  properties. 
As  basichromatin  granules  were  foimd  by  Heidenhain  and 
others  to  be  rich  in  phosphorus,  those  of  nuclear  network  are 
doubtless  composed  of  nuclein  or  nucleo-proteid.  The  nuclear 
network  which  corresponds  tinctorially  with  the  network  of  the 
ground-substance  or  cytoreticulum,  therefore,  is  that  composed 
of  oxychromatin  granules.  Having  now  seen  that  the  plasma 
passes  through  the  cells  and  that  oxidase  is  present  in  the  fluid 
eliminated  by  the  cell,  there  is  good  ground  for  the  belief  that 
the  oxychromatin  granules  are  in  reality  composed  of  adren- 
oxidase.  That  such  is  the  case  is  shown  by  the  fact  that  both 
substances  correspond  in  their  staining  properties.  Thus,  in 
the  leucocytes  stained  with  methylene-blue  by  Gulland,  the  cyto- 
reticulum took  the  stain  as  well  as  the  cytoplasm,  but  more  in- 
tensely. This  shows  that  adrenoxidase  is  present  in  both 
structures  though  in  a  more  condensed  form  in  the  network. 
Again,  Wilson  states  that  the  orct/chromatin  network  stains 
with  "plasma  stains  (acid  anilines,  etc.),"  and  refers  to  the  fact 
that  the  Biondi-Ehrlich  mixture  of  acid  fuchsin  and  methyl- 
green  stains  the  cytoplasm  of  leucocytes  red.  Now,  Heiden- 
hain showed  that  the  oxychromatin  granules  are  also  stained 
red  by  this  mixture.  Thus,  the  cytoplasm  and  the  cytoreticu- 
lum correspond  in  their  reaction  to  this  stain  as  they  did  to 
methylene-blue.  Gulland's  plates  show  the  same  correspond- 
ence with  the  Biondi-Ehrlich  mixture.  This  is  further  sus- 
tained by  the  fact  that  the  nucleo-proteid  chromatin  is  stained 
green  by  this  mixture.  Thus  Wilson  says  that  the  green  sub- 
stance is  the  "chromatin  of  Flemming,"  the  basichromatin, 
which,  as  stated  above,  is  rich  in  phosphorus.  It  is  evident, 
therefore,  that  just  as  the  substance  in  the  axis-cylinders  of 
nerves  is  adrenoxidase  (a  fact  controlled  by  the  circulation  of 
tetanotoxin-laden  plasma  in  them),  so  is  the  cytoreticulum  or 
spongio plasm  of  cells  composed  of  adrenoxidase. 

The  far-reaching  meaning  of  this  conclusion  asserts  itself 
in  view  of  the  fact  that  it  is  a  living  portion  of  the  cell.  "Since 
I  saw  the  reticulum  in  continuous  movement  during  the  life  of 
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a  protoplasmic  lump,"  says  Heitzmann/*''  referring  to  obser- 
vations made  by  him  in  1873,  on  the  leucocyte  of  the  newt,  "my 
conclusion  was  that  the  reticulum  is  made  up  of  the  living  or 
contractile  matter  proper;  whereas  the  meshes  contained  a 
liquid,  destitute  as  such  of  properties  of  life,  filling  the  meshes 
of  the  sponge-like  structure,  and  permitting  the  contraction  of 
the  solid  portion — i.e.,  the  living  matter."  More  recently,  Wil- 
son also  wrote,^*^  alluding  to  the  "sponge-like  network,"  "At 
the  present  time  it  seems  probable  that  the  more  solid  por- 
tion is  the  more  active  and  is  perhaps  to  be  identified  as  the 
living  substance  proper,  the  ground-substance  [the  cytoplasm] 
being  passive."  The  role  I  attribute  to  adrenoxidase,  viz.,  that 
it  is  "the  dynamic  agent  in  the  vital  process,"  harmonizes  clearly 
with  this  view,  especially  when  we  consider  that  it  is  probably 
in  its  original  form  that  it  occurs  in  the  network. 

That  the  "granules"  described  are  formed  only  after  death 
of  the  cell,  and  owing  to  the  methods  of  fixation  employed,  is 
probable,  however.  We  have  seen  that  in  its  original  state — as 
the  albuminous  portion  of  oxyhsemoglobin — adrenoxidase  leaves 
the  red  corpuscles  in  the  form  of  droplets,  the  so-called  "blood- 
platelets"  or  "hsematoblasts."  Indeed,  Lowit^®"  found  blood- 
platelets  "within  capillary  blood-vessels  just  removed  from 
animals,  and  in  which  the  blood  was  still  fluid,"  though  none 
could  be  discovered  in  the  circulating  blood.  These  vessels 
being  the  very  ones  that  supply  plasma  to  the  lymph  spaces, 
the  adrenoxidase  droplets  reach  the  cells  almost  at  once  after 
traversing  the  capillary  walls.* 

In  the  preceding  section,  I  pointed  out  that  the  granula- 
tions of  leucocytes  were  living  substance  and  that  they  entered 
the  cells  as  spermatozoa  penetrate  ova.  We  have  now  seen  that 
adrenoxidase  is  the  dynamic  agent  in  the  vital  process.    It  is 

*  The  semifluid  nature  of  adrenoxidase  suggests  that  the  network  or  cyti- 
culum  is  made  up  of  delicate  capillaries,  or  minute  tubes  or  canals  such  as  axis- 
cylinders  are  thought  to  be  by  Schafer  and  others.  In  the  first  volumei'»  i  sub- 
mitted reasons  which  had  led  me  to  conclude,  referring  to  leucocytes,  that  "the 
intracellular  and  intranuclear  network  of  fibers  in  mature  leucocytes  are  canali- 
culi  for  blood-plasma  and  for  the  substances  contained  in  this  fluid,"  and  to  com- 
pare them  to  neuro-flbrils.  As  the  conclusions  of  the  first  volume  were  intended 
as  suggestions,  while  the  second  volume  contains  only  what  appears  to  me  fully 
sustained  by  available  evidence,  I  will  adhere  for  the  time  being  to  the  prevail- 
ing view  that  the  network  is  made  up  only  of  granular  threads,  i.e.,  strings  of 
granules  in  close  apposition.— S. 

Heitzmann:    Jour,  of  the  N.  Y.  Micros.  Soc,  July,  p.  66,  1893. 

188  Wilson:    Loc.  cit.,  p.  17. 

Lowit:   Archiv  f.  exp.  Path.  u.  Pharm.,  Bd.  xxiv,  S.  188,  1887. 

i»>  Cf.  vol.  1,  p.  668. 
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therefore  owing  to  the  presence  of  adrenoxidase  in  the  leuco- 
cytes"^ that  the  nucleo-proteid  granulations  become  living  en- 
tities. We  also  find  adrenoxidase  forming  a  delicate  and  close 
network  throughout  the  cell — a  network  recognized  as  the  living 
portion  of  the  cell. 

On  the  whole,  the  evidence  submitted  appears  to  me  to  war- 
rant the  following  conclusions:  (1)  that  adrenoxidase,  owing 
to  its  ability  to  act  simultaneously:  as  a  catalytic,  as  oxidizing 
lody,  and  as  the  ferment  of  all  ferments,  is  a  dynamic  agent  in  the 
vital  process;  (2)  that  the  nucleo-proteid  granules  are  evolved 
as  living  units  by  the  digestive  leucocytes  because  these  cells 
contain  adrenoxidase;  (3)  that  the  blood-plasma  does  not,  as 
now  believed,  on  penetrating  the  lymph-spaces  circumvent  the 
tissue-cells  and  yield  its  oxygen  to  them;  (4)  that  the  blood- 
plasma  on  entering  the  lymph-spaces  at  once  enters  the  cells  and 
thus  supplies  them  directly  with  adrenoxidase;  (5)  that  the 
"oxy chromatin"  network  of  the  nucleus  and  of  the  cytoplasm  or 
ground-substance,  are  both  composed  of  adrenoxidase;  and  (6) 
that  these  networks  are  the  living  portion  of  the  cell. 

What  is  the  functional  relationship  between  adrenoxidase 
forming  the  cellular  networks  and  the  nucleo-proteid  granules  of 
the  cytoplasm? 

THE  ACTIVE  PRINCIPLE  OF  ADRENOXIDASE  AS  THE 
DYNAMIC  ELEMENT  OF  LIFE  (continued). 

An  important  constituent  of  the  cell  has  so  far  received 
but  little  attention.  I  have  repeatedly  referred  to  the  func- 
tion of  the  nucleo-proteid,  but  only  to  that  of  its  phosphorus- 
laden  constituent,  the  nuclein.  Its  proteid  moiety  plays,  none 
the  less,  a  prominent  role  in  the  vital  process;  indeed,  when  the 
granulations  of  leucocytes  were  referred  to  as  living  entities  in 
a  preceding  section,  a  more  detailed  analysis  of  the  question — 
inappropriate  at  the  time — would  have  pointed  to  this  moiety 
as  a  living  substance.  Thus,  Verworn^''^  says  that  "it  is  the 
proteids  whose  presence  constitutes  the  general  essential  condi- 
tion and  focus  of  life."  This  estimate  is  fully  sustained  when 
the  vital  process  is  interpreted  from  my  standpoint,  since  the 


Cf.  this  vol.,  p.  894. 
i92Verworn:    Loc.  cit.,  p.  480. 
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functions  I  have  attributed  to  nuclein  and  adrenoxidase  had  all 
the  same  general  trend,  viz.,  to  convert  the  dead  proteid  mole- 
cule received  as  food,  into  living  proteid;  to  maintain  its  life 
as  long  as  it  was  useful  to  the  cell;  to  break  it  down  when  worn 
and  convert  it  into  eliminable  waste-products.  In  brief,  the 
proteid  molecule  is  that  acted  upon  in  all  phases  of  the  vital 
cycle  and  essentially,  therefore,  the  focus  of  vital  activity.* 

The  supply  of  proteid  corresponds  quantitatively,  of 
course,  with  that  of  the  nucleo-proteid  granules.  There  is  a 
suggestive  contrast,  however,  between  the  nucleus  and  the  rest 
of  the  cell,  "the  former,"'  as  stated  by  Wilson,"^  being  charac- 
terized by  an  abundance  of  nuclein,  while  the  cell-body  "is 
especially  rich  in  proteids  and  related  substances  (nucleo-albu- 
mins,  albumins,  globulins  and  others)."  The  predilection  of  the 
nucleus  for  a  substance  "rich  in  phosphorus"  such  as  nuclein  is 
accounted  for  by  the  nature  of  its  function.  As  pointed  out  by 
Claude  Bernard,  it  is  "an  apparatus  for  organic  synthesis,  an 
instrument  calculated  to  produce,  and  is  the  germ  of  the  cell." 
It  receives  materials,  therefore,  and  adjusts  their  components 
to  the  needs  of  the  latter. 

The  evidence  so  far  adduced  provides  only  for  a  promiscu- 
ous distribution  to  the  cell  in  general  of  leucocyte  granulations 
and  adrenoxidase.  How  does  the  nucleus  acquire  its  surplus 
of  nuclein? 

That  nuclei  are  mobile  in  the  cell-body  has  been  noted  by 
various  investigators.  Korschelt  observed,  moreover,  that 
"there  is  a  definite  correlation,  on  the  one  hand,  between  the 
position  of  the  nucleus  and  the  source  of  food  supply,  on  the 
other  hand  between  the  size  of  the  nucleus  and  the  extent  of 
its  surface  and  the  elaboration  of  material  by  the  cell,"  mean- 
ing by  the  latter  its  secretory  activity.    He  gives  as  examples 

*  The  meaning  of  "proteid,"  in  the  light  ot  my  views  is  that  usually  at- 
tributed to  the  common  proteids,  i.e.,  those  that  contain  carbon,  hydrogen, 
nitrogen,  oxygen  and  sulphur.  Although  globulins  are  classed  among  proteids, 
because  they  give  some  of  the  reactions  peculiar  to  the  latter,  their  function 
differs  totally  from  that  of  common  proteid  in  the  cell,  including  as  they  do 
adrenoxidase.  Even  more  confusing,  from  my  standpoint,  is  to  include  nucleo- 
proteid  among  the  proteids,  since  its  nuclein,  as  do  its  proteid  and  adrenoxidase, 
fulfills  an  autonomous  role.  The  fact  also  that  plasmatic  albumins  do  not,  as 
now  believed,  supply  nutrient  materials  to  the  cells— a  role  that  I  attribute  en- 
tirely to  leucocyte  granulations — also  imposes  the  need  of  a  new  classification 
of  proteids,  since  the  plasmatic  proteids — fibrinogen,  for  instance — apart  from 
the  globulins,  are  concerned  only  with  the  blood's  intrinsic  functions,  coagula- 
tion, the  maintenance  of  its  own  heat,  etc. — S. 

"^Wilson:    Loc.  cit.,  p.  17. 
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the  silk-glands  of  various  lepidopterous  larvae  (Meckel,  Zaddacli, 
etc.).  "Here,"  writes  Wilson,^^*  who  cites  Korschelt,  "the  nu- 
cleus forms  a  labyrinthine  network  by  which  its  surface  is 
brought  to  a  maximum,  pointing  to  an  active  excliange  of  ma- 
terial between  nucleus  and  cytoplasm."  Again,  "in  many  of  the 
insects,"  examples  of  which  are  given,  "the  egg-nucleus  at  first 
occupies  a  central  position,  but  as  the  egg  begins  to  grow,  it 
moves  to  the  periphery  on  the  side  turned  toward  the  nutritive 
cell."  By  the  latter  is  meant  the  "nurse-cell"  which  accompa- 
nies developing  ova  in  various  insects,  including  certain  butter- 
flies, worms,  ear-wigs,  etc.  The  nutriment  is  evidently  trans- 
ferred from  the  nutritive  cell  to  that  nourished,  and  in  the 
form  of  granules.  Thus,  Wilson  writes,  referring  to  the  eggs 
of  the  water-beetle  Dysticu3,  in  which  Korschelt  was  able  to 
observe  the  movements  and  changes  of  form  in  the  living  ob- 
ject: "The  eggs  here  lie  in  a  single  series  alternating  with 
chambers  of  nutritive  cells.  The  latter  contain  granules  which 
are  believed  by  Korschelt  to  pass  into  the  egg,  perhaps  bodily, 
perhaps  by  dissolving  and  entering  in  a  liquid  form.  At  all 
events,  the  egg  contains  accumulations  of  similar  granules 
which  extend  inwards  in  dense  masses  from  the  nutritive  cells 
to  the  germinal  vesicle,  which  they  may  more  or  less  com- 
pletely surround."  ....  "The  granules  could  not  be  traced 
into  the  nucleus,  but  the  latter  grows  rapidly  during  these 
changes,  proving,"  says  Wilson,  "that  matter  must  be  absorbed 
by  it,  probably  in  liquid  form." 

This  aifords  tangible  evidence  in  several  directions,  (1) 
that  a  cell  may  be  nourished  by  another,  and,  therefore,  that 
leucocytes  can  serve  as  nurse-cells — as  they  do,  we  have  seen, 
in  Spongilla;  (2)  that  the  food  may  be  transferred  in  the  f onn 
of  granules,  some,  perhaps,  in  liquid  form;  (3)  that  a  nucleus 
is  a  mobile  structure;  (4)  that  it  adjusts  its  position  to  the 
source  of  the  food  supply;  (5)  that  it  is  able  as  an  autonomous 
body  to  ingest  materials  suitable  for  its  own  nutrition  and 
growth;  and  (6)  that  it  can  transfer  materials  to  the  cytoplasm. 

The  manner  in  which  the  nucleus  acquires  its  abundance 
of  nuelein  now  suggests  itself:  The  nucleus  moves  wherever 
granules  derived  from  leucocytes  are  most  prolific,  and  when 

"*  Wilson:   Loc.  cit.,  p.  254. 
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supplied  according  to  its  needs,  it  moves  away.  Thus,  Haber- 
landt^'-*^  noted  that  in  plants,  growth  in  any  part  of  a  cell  was 
always  preceded  by  "a  movement  of  the  nucleus  to  the  point 
of  growth,"  and  that  after  the  process  was  terminated  "the 
nucleus  often  moves  into  another  part  of  the  cell."  That  gran- 
ules may  thus  enter  the  nucleus  is  shown  by  the  fact  that  bac- 
teria may  be  drawn  into  the  nucleus  of  phagocytes  as  observed 
by  Bail.^'"'  The  same  mechanism  applies  to  the  adrenoxidase, 
i.e.,  the  oxychromatin,  which,  as  shown  by  Heidenhain  and 
others,  is  also  present  in  the  nucleus.  Here,  the  nucleus  has 
merely  to  move  in  the  part  of  the  cell  nearest  the  capillary 
from  which  the  latter  receives  its  blood-plasma,  to  receive,  if 
its  functions  require  it,  an  unusual  supply  of  adrenoxidase 
droplets,  which,  as  we  have  seen,  are  to  be  found  in  the  peri- 
cellular capillaries. 

There  is  evidently  a  close  functional  relationship  between 
the  nucleus  and  the  cytoplasm.  When  a  portion  of  the  latter  is 
cut  off  from  the  part  of  the  cell  containing  the  nucleus,  it  may 
live  for  a  while  and,  move  about  normally;  but,  as  Wilson  says: 
"Such  a  mass  of  protoplasm  is,  however,  devoid  of  powers  of 
assimilation,  growth  and  repair,  and  sooner  or  later,  dies."  In- 
asmuch as  we  have  seen  in  the  preceding  section  that  the  cyto- 
plasm contained  a  close  network  regarded  by  many  investiga- 
tors as  the  living  portion  of  the  cell,  it  follows  that  it  must  be 
the  nucleus  which  supplies  the  cell  with  its  papulum  vitce.  This 
is  sustained  by  the  fact  that,  as  also  shown,  the  network  of  cyto- 
reticulum  is  composed  of  adrenoxidase  droplets.  It  is  evi- 
dently this  substance  which  the  nucleus  deals  out  to  the  cyto- 
plasm according  to  its  needs. 

The  manner  in  which  it  does  so  was  analyzed  in  the  first 
volume."^  I  suggested  therein  that  the  so-called  "nuclear 
membrane"  was  in  reality  a  cavity  that  contained  the  sub- 
stance which,  though  derived  from  the  nucleus,  was  projected 
into  the  body  of  the  cell,  and  formed  its  network,  its  staining 
properties  (iron-hsematoxylin)  being  similar  to  those  of  the  net- 
work. Although  the  function  of  this  "membrane"  has  re- 
mained unknown,  the  data  recorded  sustain  my  interpretation. 


Haberlandt:    cited  by  Wilson,   Loc.  cit.,   p.  252. 
i»8Bail:   Berl.  klin.  Woch.,  Oct.  11,  S.  887,  1897. 
1"  Cf.  vol.  i,  p.  672. 
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Thus,  both  Klein  and  Van  Beneden  consider  it  as  similar  in 
structure  to  the  network,  while  Reinke^"**  found  that  it  con- 
sisted of  "oxychromatin  granules  like  those  of  the  linin  net- 
work"— a  nuclear  structure.  As  oxychromatin  is  adrenoxidase, 
the  nuclear  linin,  the  "nuclear  membrane"  and  the  network 
of  the  cytoplasm  are  all  composed  of  adrenoxidase.  This  is 
further  confirmed  by  the  fact  that  in  Gulland's  plate'"''  all  three 
structures  are  shown  to  have  taken  methylene-blue.  The  role 
of  the  nucleus  in  the  process  now  seems  clear:  It  utilizes 
what  adrenoxidase  it  requires  for  its  own  use  and  feeds  the  rest 
into  the  "nuclear  membrane" — the  perinuclear  vacuole,  as  I 
have  termed  it — whence  it  is  projected  into  the  cytoplasm  to 
form  the  network.  Each  thread  of  this  network,  according  to 
Van  Beneden,  Wilson  and  others,  is  composed  "of  a  single  series 
of  microsomes,  like  a  string  of  beads."  As  Hammarsten-""  re- 
fers to  blood-platelets  as  "pale,  colorless,  gummy  disks,"  it 
could  be  considered  as  a  string  of  adrenoxidase  disks. 

Although  the  network  of  the  cytoplasm  is  a  living  struc- 
ture, its  identity  as  adrenoxidase  accounts  only  in  part  for  this 
fact,  since  its  properties,  those  of  a  catalytic  and  oxidizing  sub- 
stance, become  manifest,  in  their  relation  to  the  vital  process, 
only  when  nucleo-proteid  is  present.  Since,  as  we  have  seen, 
nucleo-proteid  granulations  penetrate  directly  into  the  cyto- 
plasm, this  feature  is  also  met.  Still,  how  are  the  adrenoxidase 
droplets  of  the  network  and  the  nucleo-proteid  granules  of  the 
cytoplasm  brought  into  contact  ? 

We  have  repeatedly  seen  that  their  mutual  affinity  is  very 
great.  So  marked  is  it,  in  fact,  that  the  blood-plates  have  been 
found  combined  with  nuclein  in  shed  blood.  Indeed,  they 
jointly  subserve  two  important  functions  in  this  fluid  as  I  have 
pointed  out  in  the  first  volume  the  maintenance  of  the 
blood's  temperature  to  its  physiological  needs;  and  fibrin  coag- 
ulation, adrenoxidase  being,  we  have  seen,  the  fibrin-ferment. 
During  life  the  blood-platelets  and  the  nucleo-proteid  granules 
axe  dealt  out  by  their  respective  cells,  the  red  corpuscles  and 
the  leucocytes,  as  needed  by  the  blood  and  are  promptly  dis- 


Reinke:    cited  by  W^ilson,  Loc.  cit.,  p.  28. 

GuUand:    Loc.  cit. 
^Hammarsten:    Loc.  cit.,  p.  186. 
«>i  Cf.  vol.  i,  p.  688  et  seq. 
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solved.  After  death,  however,  or  in  shed  blood,  this  stage  is 
not  reached  and  the  platelets  are  found  either  in  their  normal 
state  (Bizzorero,  Hay  em,  etc.),  or  in  combination  with  nuclein 
(Kossel,  Lilienfeld,  etc.),  and  called,  therefore,  "nuclein 
plates,"  the  latter,  though  abnormal  entities,  standing  as  proof 
of  the  mutual  affinity  of  their  components.  This  explains  the 
presence  of  the  close-meshed  network  in  the  cytoplasm  and 
also  its  vital  activity,  since  the  affinity  of  its  adrenoxidase  for 
nucleo-proteid  causes  the  granules  of  the  latter  to  be  drawn  to 
the  network  at  once  on  reaching  the  periphery  of  the  cell. 

Various  phenomena  that  have  remained  unexplained  now 
appear  as  normal  consequences  of  the  presence  of  these  two 
bodies  in  the  cell,  both  nucleus  and  cytoplasm.  Alluding  to 
the  labors  of  van  Beneden,  Heidenhain,  Keinke  and  Schloter 
and  to  his  own  investigations,  Wilson  writes^"^  in  respect  to 
the  two  kinds  of  granules:  "These  two  forms  graduate  into 
one  another."  Eef erring  to  the  nucleus  he  says:  "The  chro- 
matic substance  is  known  to  undergo  very  great  changes  in 
staining  capacity  at  different  periods  in  the  life  of  the  nucleus 
and  is  known  to  vary  greatly  in  bulk."  Again,^"*  he  quotes 
Heidenhain's  statement  based  on  results  obtained  by  physio- 
logical chemists  and  by  himself :  "Basiehromatin  and  oxychro- 
matin  are  by  no  means  to  be  regarded  as  permanent  unchange- 
able bodies,  but  may  change  their  color  reactions  by  combin- 
ing with  or  giving  oft  phosphorus." 

The  intracellular  process  is  clearly  discernible  in  the  light 
of  these  observations:  A  constant  reaction  between  adrenoxi- 
dase and  nucleo-proteid  granules  is  going  on,  the  oxygen  of 
the  former  and  the  phosphorus  of  the  latter  combining  inces- 
santly to  liberate  that  heat  energy  which,  as  will  be  shown,  is 
a  necessary  feature  of  the  life  of  the  cell,  or  rather,  the  life  of 
its  proteid. 

How  does  this  apply  to  the  nerve-cell  ? 

We  have  seen^"*  that — from  my  standpoint— the  neuron 
is  not  a  mere  cell,  but  an  organ  composed  itself  of  nerve-cells, 
and  that  these  nerve-cells,  as  far  as  the  nerve  proper  is  con- 
cerned, are  the  intemodal  segments — the  portions  of  the  nerve 

Wilson:  hoc.  cit.,  p.  223. 
«>3  Wilson:  Loc.  cit.,  p.  224. 
2°*  Cf.  this  vol.,  p.  915  et  seq. 
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extending  between  the  nodes  of  Eanvier.  Each  of  these  seg- 
ments is  supplied,  like  all  other  cells,  with  its  nucleus,  located 
in  the  myelin,  which  corresponds,  therefore,  with  the  cytoplasm 
of  ordinary  cells.  This  suggests  that  the  myelin  must  be  the 
seat  of  the  metabolic  processes  previously  referred  to.  I  have 
not  only  pointed  out  that  the  myelin  is  not  a  mere  insulating 
substance,  as  now  taught,  but  we  have  seen  also  that  it  is 
capable  alone,  and  before  the  axis-cylinder  is  developed  in 
regenerative  processes,  of  transmitting  nerve-impulses.  More- 
over, as  stated  by  Sherrington,^"^  "the  date  at  which  a  nerve 
fiber  completes  its  development,  by  acquiring  a  myelin  sheath, 
indicates  the  time  at  which  it  becomes  functionally  active." 
As  I  interpret  this  fact,  pointed  out  by  Flechsig,  it  em- 
phasizes the  cardinal  role  the  myelin  plays  in  the  production 
of  the  nerve  impulse. 

A  question  imposes  itself  in  this  connection:  How,  under 
these  conditions,  can  "non-medullated"  nerves,  the  fibers  of 
Eemak,  generate  or  transmit  impulses?  Various  authorities 
have  held  that  these  diminutive  fibers  are  supplied  with  myelin 
as  well  as  the  "medullated"  nerves.  Boveri's^""  researches  led 
him  to  conclude  that  they  differed  in  no  way  from  the  latter, 
the  axis-cylinder  of  the  fibers  of  Eemak  being  surrounded  by 
a  nucleated  myelin  sheath.  Tuckett,^"''  in  a  comprehensive 
study  of  the  literature  of  the  subject  and  after  personal  in- 
vestigations, also  concludes  that  "fibers  of  Eemak  consist  of  a 
nucleated  sheath  enclosing  a  core,"  and  refers  to  the  opinion 
of  Eanvier,'"*  Axel  Key  and  Eetzius,^""  Schiefferdecker^^"  and 
:  KoUiker^"  that  this  core  or  axis-cylinder  is  composed  of 
bundles  of  fine  fibrils — a  view  now  generally  accepted.  More- 
'over,  it  stains  with  methylene-blue  and  acid  fuchsin,  showing 
ithe  presence  of  oxychromatin,  i.e.,  adrenoxidase,  and  is  repeat- 
iedly  referred  to  by  Tuckett  as  "granular,"  though  he  ascribes 
jthis  to  the  action  of  the  stains.  It  is  apparent,  therefore,  that 
I  all  nerves  have  a  similar  structure,  and  that  the  gray  color  of 

\  Sherrington:    Schafer's  "T.  B.  of  Physiol.,"  vol.  ii,  p.  792,  1,900. 

1  =™  Boveri :  Abhand.  d.  k.  bayerisch  Akad.  d.  Wissenschaften  zu  Munchen, 
Bd.  XV,  S.  480,  1885. 

Tuckett:    Jour,  of  Physiol.,  vol.  xix,  p.  267,  1895-1896. 
^'"'Ranvier:    "Traite  technique  d'histologie,"  p.  746,  1875. 
'^'Axel  Key  and  Retzius:    "Studien  in  d.  Anat.  d.  Nervens  u.  d.  Bindegew, 
Bd.  ii,  S.  159,  1876. 

210  gciiiefferdecker:    Archiv  f.  mik.  Anat.,  Bd.  xxx,  S.  435,  1887. 

Kolliker:    "Handb.  der  Gewebel.  des  Menschen,"  Bd.  ii,  S.  30,  1893. 


948         ADRENAL  PRINCIPLE  AS  DYNAMIC  VITAL  ELEMENT. 


the  so-called  "non-medullated"  fibers  is  due  merely  to  the  fact 
that  their  myelin  coat  is  thinner  than  that  of  larger  nerves. 

We  have  seen  that  in  keeping  with  all  other  organs,  a 
neuron  is  supplied  with  adrenoxidase,  that  this  substance  pene- 
trates into  its  cell-body  through  the  neuro-fibrils  which  enter 
the  dendrites,  and  that  they  form  a  very  fine  network,  espe- 
cially dense  around  the  nucleus.  Now,  this  network  is  also 
termed  the  "cytoreticulum,"  and,  as  it  takes  methylene-blue,  it 
is  doubtless  the  homologue  of  the  network  common  to  all  cells. 
As  such,  therefore,  it  is  the  living  portion  of  the  cell  in  the 
sense  that,  being  immersed  in  the  cytoplasm  or  ground-sub- 
stance, it  finds  therein  and,  as  in  other  cells,  combines  with  the 
nucleo^proteid  granules — an  important  constituent  of  nervous 
matter,  as  we  have  seen.^^- 

Nervous  substance  contains  various  bodies  which,  until  re- 
cently, were  thought  to  be  specific  to  this  substance,  viz.,  the 
phosphorized  fats,  which  include  myelin,  protagon,  lecithin,  etc. 
Waldemar  Koch,^^*  however,  has  found  them  in  other  forms 
of  protoplasm,  including  yeast  cells,  thus  showing  that  nervous 
tissue  difl'ers  only  from  all  other  tissues,  in  that  it  contains  a 
larger  proportion  of  these  bodies.  Their  role  is  practically  un- 
known. Thus,  Halliburton^^*  writes :  "We  know  little  of  these 
substances  from  the  chemical  standpoint,  and  still  less  from 
the  physiological."  He  also  says,  however,^^^  referring  to  the 
"long  list  of  substances  to  consider,"  and  especially  to  extrac- 
tives: "We  can  surmise  that  they  are  mostly  waste  products, 
as  they  are  elsewhere."  This  coincides  with  the  conclusion 
that  my  views  suggest.  Indeed,  the  substances  that  are 
brought  to  nerve-cells  by  leucocytes  are,  as  elsewhere,  proteids, 
sugars  and  fats.  The  proteid  (nucleo-proteid)  wastes  are  un- 
doubtedly present:  thus,  as  stated  by  Halliburton,  small  quan- 
tities of  xanthin,  hypoxanthin,  lactic  acid,  uric  acid  and  urea 
have  been  identified.  The  fais  are  represented  by  lecithin, 
which,  in  turn,  yields  fatty  acid  and  glycerine,  phosphoric  acid 
and  cholin.  The  sugars  also  appear  in  the  form  of  galactose, 
obtained  from  the  cerebrins,  etc. 


Cf.  this  vol.,  p  914. 
213  TfiTaldeinar  Koch:    "Decen.  Publications  of  Chicago  Univ.,"  vol.  x,  1902. 
Halliburton:    "Biochemistry  of  Muscle  and  Nerve,"  p.  68,  1904. 
Halliburton:   /bi(Z.,  p.  61. 
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All  this  suggests  that  the  nerve-cell  is  not  so  complex  a 
structure  as  it  is  now  thought  to  be.  Waldemar  Koch,-^®  in 
a  searching  analysis  of  the  question,  was  led  to  conclude  that 
"cortical  gray  matter,  free  from  white  fibers,  besides  contain- 
ing no  cerebrins,  also  contains  no  neurokeratin,  cholesterin  and 
kephalin  or  myelin.  Gray  matter,  therefore,"  adds  the  author, 
"has  a  very  simple  composition,  consisting  of  a  mass  of  proteids, 
lecithin  and  the  sulphur  compound."  As  lecithin  is  a  waste 
product,  the  constituents  are  further  reduced  to  the  proteids 
and  the  sulphur  compound. 

ISTow,  these  bodies  include  the  nucleo-proteid  and  adren- 
oxidase  we  have  found  in  all  cells.  By  "proteids"  Koch  means 
Halliburton's  three  proteids. Two  of  these  are  globulins, 
i.e.,  fibrinogen  (extra  corpore)  compounds.  Eeferring  to  the 
third,  however,  Halliburton  states  that  it  is  "a  nucleo-proteid" 
which  "contains  0.5  per  cent,  of  phosphorus"  and  "coagulated 
by  heat  at  56  to  60°,"  the  identical  nucleo-proteid,  in  other 
words,  that  we  have  found  in  all  tissues.  The  identity  of  the 
sulphur  compound  suggests  itself  after  the  data  submitted 
when  the  relationship  of  the  adrenal  secretion  to  bronzing  was 
studied.  I  then  showed^^*  that  sulphur  was  a  constituent  of 
this  secretion  and  therefore  of  the  adrenoxidase  circulating  in 
the  tissues  at  large — including,  of  course,  the  nervous  tissues. 
Gamgee,  in  fact,  says,  referring  to  haemoglobin,  that  "sulphur 
belongs  to  the  albuminous  part  of  the  molecule" — the  adren- 
oxidase— and  the  presence  of  this  element  indicates  that 
"hgemoglobin  belongs  to  the  proteid  compounds."  (Hallibur- 
ton^"). The  presence  of  the  sulphur  compound  to  which 
Waldemar  Koch  refers  affords  additional  proof,  therefore,  to 
the  effect  that  adrenoxidase  circulates  in  the  nervous  system 
as  elsewhere. 

We  are  thus  brought  to  the  conclusion  that  the  only  ap- 
preciable difference  between  the  nerve-cell  and  all  other  cells 
is  the  presence  in  the  former  of  a  larger  proportion  of  fat. 
The  nucleus  contains  a  network  which  reacts  to  stains  as  does 
that  of  cells  in  general.    The  cytoplasm  shows  the  same  corre- 

218  Waldemar  Koch:    Amer.  Jour,  of  Physiol.,  vol.  xi,  p.  303,  1904. 
2"  Halliburton:    Lor.  cit.,  p.  63,  1904. 
Cf.  this  vol.,  p.  835. 
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spondence.  The  Nissl  granules,  which  break  down  into  fine 
dust  in  chromatolysis,  are  the  homologues  of  the  microsomes 
we  have  found  in  all  cells;  Halliburton  says,  in  fact,  that 
"microchemical  methods  have  shown  that  they  consist  of 
nucleo-proteid." 

The  manner  in  which  plasmatic  adrenoxidase  is  supplied 
to  a  neuron  is  characteristic  in  that  (interpreted  from  my 
standpoint)  it  is  brought  to  them  by  minute  capillaries,  the 
neuro-fibrils.  The  cell-body  of  the  neuron  is  supplied  by  fibrils 
which  enter  by  way  of  the  dendrites;  the  cells  of  the  nerve 
proper  are  also  supplied  by  fibrils,  those  which  form  their  axis- 
eylinder,  the  plasma  flowing  upward  or  centripetally,  in  the 
minute  tubes.  But  how  does  the  adrenoxidase  penetrate  into 
the  neural  cells  proper,  i.e.,  the  internodal  segments? 

In  the  first  volume^^**  I  submitted  evidence  showing  that 
what  was  supposed  to  be  a  "supporting  framework"  in  the 
myelin  of  each  of  the  internodal  segments,  was  in  reality  a 
"thread"  which,  according  to  Eezzonico  and  Golgi,  forms  a 
spiral  or  funnel-like  threadwork  around  the  axis-cylinder,  and 
which,  according  to  Tizzoni,  communicates  with  the  slits  of 
Lautermann,  or  hollow  canals  described  by  this  investigator, 
von  Stilling,  McCarthy,  Wynn  and  others.  These  slits  or 
canals  and  their  threadwork  evidently  contain  adrenoxidase, 
for  they  are  stained  with  hsematoxylin  (McCarthy),  an  "oxychro- 
matin"  dye,  we  have  seen,  but  which  does  not  stain  myelin. 
This  is  evidently  a  counterpart  of  the  cytoreticulum  we  found 
in  all  cells,  for  as  stated  by  Bohm,  Davidoff  and  Huber:^^^ 
"On  boiling  in  ether  or  alcohol  the  entire  medullary  sheath  of 
a  nerve-fiber  does  not  dissolve,  but  a  portion  remains  in  the 
shape  of  a  fine  network." 

The  cells  of  the  nerve  proper,  therefore,  like  the  cell-body 
of  the  neuron,  contain  their  adrenoxidase  network,  and  the 
meshes  of  this  network  bathe  in  a  medium  rich  in  phosphorus 
and  fat.  Heat  energy  is  thus  continuously  liberated  to  sustain 
the  life  of  the  cell. 

The  wastes  are  eliminated  through  the  lymphatic  system 
as  they  are  by  other  tissue-cells.    "Although  the  nervous  sys- 
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tern  is  not  known  to  be  supplied  with  lymphatic  vessels  having 
definite  walls,  the  circulation  of  lymph  within  the  bundles  of 
nerves  is  insured,"  as  stated  by  Berdal,^^^  "by  the  disposition  of 
the  intrafascicular  connective  tissue,  the  meshes  of  which  rep- 
resent lymphatic  cavities."  Such  being  the  case,  the  plasma, 
after  traversing  the  networks  in  the  myelin,  must  either  pass 
out  through  the  neurilemma  or  at  the  nodes  of  Kanvier  into 
the  interneural  lymphatic  spaces.  Another  lymph-space  is 
present  between  the  bundle  and  its  external  covering,  Henle's 
sheath.  The  cell-body,  as  is  well  known,  is  also  supplied  with 
a  pericellular  lymph-space  in  which  chromatic  granules  are 
sometimes  found. 

How  is  the  nerve-impulse  generated  and  what  is  its  nature  ? 

In  the  first  volume^*^  I  adduced  evidence  which  had  led 
me  to  conclude  that  in  all  organs  all  manifestations  of  activity 
were  due  to  an  influx  of  oxidizing  substance  (adrenoxidase) 
into  their  cellular  elements.  We  have  seen^^*  how  essential 
oxygen  is  to  nervous  activity  and  that  nervous  elements  are  the 
seat  of  active  metabolism.  The  presence  of  adrenoxidase  in 
the  networks  of  the  cell-body,  internodal  segments  and  nuclei 
of  a  neuron  readily  accounts  for  these  phenomena  and  for  the 
waste-products  enumerated;  it  aifords  also  a  clear  explanation 
of  chromatolysis,  etc.  That  an  exacerbation  of  activity  in  a 
neuron  is  brought  about  by  a  process  similar  to  that  which  pre- 
vails in  all  cells  is  self-evident. 

The  details  of  this  process  again  emphasize  the  need  of  re- 
garding the  neuron,  not  as  a  cell,  but  as  an  organ.  The  meta- 
bolic activity,  chromatolysis  and  other  phenomena  indicating 
work,  are  practically  limited  to  the  cell-body,  and  yet  the  ava- 
lanche phenomenon  and  other  facts  show  that  the  nerve  proper 
is  itself  a  source  of  nervous  energy.  On  the  other  hand,  a 
group  of  neurons — or  rather  of  their  cell-bodies — is  known  to 
form  "centers,"  capable  not  only  of  receiving  impulses,  but  of 
co-ordinating  them  and  of  transmitting  the  transformed  im- 
pulses through  their  neuraxons,  the  nerves.  It  becomes  a  ques- 
tion now  whether  the  cell-body  of  a  neuron  is  itself  the  source 
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of  the  nerve-impulse  or  whether  this  function  falls  solely  upon 
its  neuraxon  or  nerve. 

The  prevailing  view  that  the  cell-hody  initiates  nerve-im- 
pulses is  based  upon  the  fact  that  electric  or  mechanical  stimu- 
lation of  a  center  will  awaken  peripheral  manifestations 
through  the  nerves  it  governs;  but  this  only  shows  that  the 
cell-bodies  forming  the  center  are  endowed  with  a  property 
more  or  less  marked  in  all  cells,  i.e.,  irritability.  Again,  a  cell 
is  not  generally  endowed  with  more  than  one  function;  and  co- 
ordination, such  as  that  shown  by  spinal  "cells"  in  a  beheaded 
frog,  which  will  enable  the  animal  to  brush  off  a  corrosive  sub- 
stance dropped  on  its  back,  is  of  such  high  order  that  it  is  only 
because  it  is  a  demonstrated  fact  that  any  cell  or  aggregate  of 
cells  other  than  those  of  the  cortex  can  be  regarded  as  pos- 
isessing  such  powers.  That  in  addition  to  this  power,  the  cell- 
body  is  able  to  generate  a  nerve-impulse  is  not  only  improb- 
able, but  as  shown  below,  its  own  irritability — the  same  irrita- 
bility that  causes  a  muscle  to  contract  or  a  gland  to  secrete 
when  stimulated — enables  it  to  cause  its  neuraxon  or  nerve  it- 
self to  generate  and  transmit  impulses  adjusted  as  to  intensity, 
rhythm,  duration,  etc.,  to  the  needs  of  the  peripheral  organ. 
Briefly,  the  cell-body  of  a  neuron  is  solely,  from  my  view- 
point, a  co-ordinating  center,  supplied  with  a  chain  of  cells,  the 
internodal  segments  constituting  its  neuraxon  or  nerve,  and 
which  cells  are  the  source  of  all  the  impulses  transmitted  by 
the  neuron. 

The  manner  in  which  the  cell-body  causes  its  nerve  to  pro- 
duce a  stream  of  impulses  is  relatively  simple.  We  have  seen, 
by  the  upward  flow  of  tetanotoxin,  that  the  adrenoxidase-laden 
plasma  circulates  centripetally  in  the  fibrils  forming  the  axis- 
cylinder,  and  that  a  part  of  it  at  least  (the  rest  passing  later- 
ally from  the  axis-cylinder  into  networks  of  the  internodal  seg- 
ments) flows  up  the  whole  length  of  the  nerve,  up  to  the  cell- 
body.  At  this  point,  the  nerve  forms  a  hillock,  the  implanta- 
tion cone,  which  dips,  so  to  say,  in  the  cell-body's  substance, 
and  its  fibrils  (judging  from  the  showings  of  CajaFs  newer 
methods)  likewise.  Now,  it  is  apparent  that  the  slightest  con- 
traction of  the  cell-body  or  of  the  implantation  cone  around  the 
bundle  of  axis-cylinder  fibrils  must,  by  compressing  them,  rm- 
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Fig.  1,  CELL-HDEY  OR  CHIEF  CELL,  R,  a,  fibrils  as  oapillariES  far 
adreuDxidasE-plasma]  b,  Nissl  granules,  as  nuclED-protEid  micrDSDmes, 

Fig,  2,  TRUE  NERITE-CELL,  a,  axis-cylinder  fibrils  as  capillaries 
far  adrenaxidase-plasma;  b,  netwcrlc  for  distribution  of  plasma  throughout 
myelin;  c,  myelin;  d,  cell-nucleus  and  nucleolus;  e,  neurilemma;  f,  tip  of 
ne^tt  cell;  g,  Rauvier's  node.    In  cells  on  neuron;  c,  slits  of  Lautermann. 

Fig  3.  MUSCTJLilR  TISSUE,  a,  motor  ending;  b,  terminals  of  fibrils 
of  axis-cylinder,  in  which  adrenoxldase-plasma  (and  tetanotoxin)  flew  up- 
ward or  centripetally . 
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pede  the  flow  of  adrenoxidase-plasma  throughout  the  whole 
length  of  the  nerve,  and  by  thus  increasing  the  pressure  of  this 
substance  in  the  axis-cylinder,  cause  an  excess  of  it  to  flow  into 
the  networks  of  the  internodal  segments  or  true  nerve-cells. 
A  sudden  influx  of  oxygen-laden  adrenoxidase  into  the  phos- 
phorus-laden myelin  from  end  to  end  of  the  nerve  cannot  but 
as  suddenly  incite  a  reaction  entailing,  as  in  all  cells,  the  libera- 
tion of  energy. 

This  conception  meets  the  various  biological  and  experi- 
mental facts  that  have  stood  the  test  of  time.  Nervous  energy 
has  been  identified  with  electricity  since  Galvani's  discoveries; 
and  the  galvanometer,  the  current  generated  by  the  electric 
organs  of  the  sheath-fish,  the  torpedo,  the  electric  eel  and  vari- 
ous vegetable  and  animal  tissues  have  all  served  to  show  that 
this  view  is  sound.  Thus,  the  row  of  internodal  segments  around 
the  axis-cylinder,  or  what  I  regard  as  the  only  true  nerve-cells, 
correspond  in  their  general  structure  and  composition  with  the 
"electric  cells" — also  long  and  slender — in  the  spinal  cord  of 
the  electric  eel.  Again,  as  stated  by  Verworn,^-^  "these  elec- 
tric organs  have  the  same  embryonic  origin  as  cross-striated 
muscles,  to  which  also  in  their  adult  state,  they  possess  great 
similarity."  I  have  submitted  evidence  showing^^®  that  mus- 
cular contraction  is  also  produced  by  a  sudden  influx  of  adren- 
oxidase (oxidizing  substance) — MacMunn's  myohgematin — into 
the  muscular  elements  where  they  also  combine  with  a  sub- 
stance containing  nucleo-proteid — myosinogen  and  a  carbo- 
hydrate, glycogen.  The  same  correspondence  asserts  itself  in 
other  directions:  Sensory  nerves  are  structurally  similar  to 
motor  nerves,  the  sensitive  "end-organs"  affording  prima  facie 
evidence  that  irritablity  is  the  initial  factor  when  nerve  im- 
pulses are  to  be  incited.  This  same  irritability  accounts  for 
the  fact  that  electric  stimulation  in  the  course  of  a  nerve  will 
evoke  impulses,  since  the  nerve-cells  themselves  are  stimulated. 
Heat  increases  and  cold  decreases  the  velocity  of  an  impulse: 
this  is  readily  accounted  for  by  the  fact  that  myelin  is  liquefied 
Ly  heat  and  hardened  by  cold.  Alcohol  impairs  conductivity: 
this  is  because  it  becomes  oxidized  at  the  expense  of  the  adren- 
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oxidase.  Indeed,  it  is  an  established  fact  that  deprivation  of 
oxygen  and  asphyxia  by  anaesthetics  likewise  impair  the  conduc- 
tivity of  nerves. 

The  fact  that  my  interpretation  explains  these  various  fea- 
tures of  the  question  seems  to  me  to  indicate  that,  in  its  gen- 
eral lines  at  least,  it  is  poised  on  a  solid  foundation.  Although 
the  nerve-impulse  has  been  identified  with  electricity,  the  pro- 
cess through  which  it  is  produced  and  its  nature  as  a  physiolo- 
gical entity  have  not  been  found.  Indeed,  in  the  last  edition 
of  his  work,  Landois"^^  states  that  "the  nature  of  the  phy- 
siological nerve-stimulus  in  the  normal  body  is  not  known," — 
a  fact  readily  accounted  for  when  we  realize  that  the  two  orig- 
inal sources  of  energy,  the  granulations  of  leucocytes  and 
adrenoxidase,  were  themselves  unknown. 

And  this  applies  to  all  the  living  structures  of  the  organ- 
ism, since,  in  the  light  of  my  views,  all  cells  of  whatever  kind 
are  perpetuated  as  living  entities  through  the  intermediary  of 
these  two  sources  of  energy.  One  salient  feature  asserts  itself, 
however,  in  this  connection,  viz.,  the  masterful  role  of  adren- 
oxidase. The  proteid  is,  in  truth,  the  living  substance,  but  it 
is  as  dead  substance  that  it  enters  the  body.  It  is  through  the 
presence  of  adrenoxidase  that  it  is  endowed  with  life  in  the 
leucocyte,  and  that  its  identity  as  living  tissue  is  sustained  in 
the  cell.  Its  active  principle,  acting  as  catalytic,  is  the  true 
vitalizing  agent  in  this  process,  since  it  is  able,  as  such,  to  raise 
the  oxidizing  activity  of  the  oxygen  it  carries  to  a  veiy  high 
potency,  and  thus  to  provide  the  proteid  with  a  correspondingly 
great  amount  of  heat-energy,  by  combining  continuously  with 
the  phosphorus  of  the  nuclein  to  which  the  proteid  is  anchored. 
As  the  proteid  contains  all  the  chemical  constituents  that  ren- 
der it  viable,  the  heat-energy  thus  supplied  to  it  increases  the 
vibratory  amplitude  of  its  atoms  to  that  compatible  with  the 
living  state,  and  it  becomes  living  tissue.  In  other  words,  heat- 
energy  becomes  transformed  into  vital  energy.  Adrenoxidase, 
as  catalytic  and  oxidizing  agent,  is  thus  the  life-giving  and  life- 
preserving  constituent  of  all  cells. 

The  proteid  lives  as  long  as  its  physical  properties  are  such 
as  to  enable  it  to  subserve  adequately  its  function  in  the  cell; 
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there  comes  a  time,  however,  when  worn,  it  must  be  removed. 
Here  new  factors  are  introduced,  viz.,  the  various  hydrolytic 
triads,  proteolytic,  lipolytic  and  amylolytic  (also  brought  to  the 
cell  by  leucocytes,  we  have  seen),  to  break  down  the  proteids 
and  what  carbohydrates  may  be  adjoined  to  therh — fats  in  the 
nerve-cell,  glycogen  in  the  muscle-cell,  etc.  Again  does  adren- 
oxidase  assume  control:  Itself  a  part  of  the  triads,  it  carries 
on  its  role  as  "ferment  of  ferments"  in  each  triad,  and  submits 
to  hydrolytic  cleavage  the  worn-out  constituents  of  the  cell, 
thus  converting  them  into  benign  and  elmiinable  waste- 
products. 

The  two  phases  of  the  living  process,  the  building  up  of 
living  tissue,  anabolism,  and  the  breaking  down  of  worn-out 
tissue,  cataboUsm,  are  thus  incited  and  governed  by  the  oxygen- 
laden  secretion  of  the  adrenals. 

On  the  whole,  the  evidence  submitted  in  this  and  other 
sections  appears  to  me  to  warrant  the  following  conclusions: 

As  to  the  conversion  of  proteid  into  living  substance  and  its 
maintenance  as  such  in  the  cell:  (1)  iJie  proteid  constituent  of 
the  nucleo-proteid  granules  is  the  focus  of  the  vital  process,  the 
true  living  substance;  (2)  although  it  enters  the  body  lifeless, 
it  contains  all  the  constituents  of  living  substance  and  acquires 
life  in  the  leucocytes  through  the  agency  of  the  adrenoxidase 
these  cells  contain;  (3)  adrenoxidase  being  both  a  catalytic  and 
an  oxidizing  agent  it  causes,  when  combining  with  the  phos- 
phorus-laden nuclein  of  the  leucocyte's  nucleus,  the  liberation  of 
sufficient  heat-energy  to  raise  the  amplitude  of  the  atomic  vibra- 
tions of  the  proteid  compatible  with  life,  and  thus  transforms  it 
into  living  substance;  (4)  when  the  proteid  enters  the  cell  and 
is  drawn  to  the  network  along  with  its  nuclein  moiety,  its  living 
state  is  also  sustained  by  adrenoxidase,  but  by  that  constituting 
the  networh,  ivhile  the  nuclein  ivith  which  this  adrenoxidase  com- 
bines is  that  linked  to  the  proteid;  (5)  life  is  perpetuated  in  the 
cell  by  the  incessant  arrival  of  particles  of  living  substance  which 
continue  their  existence  therein,  linger  for  a  time,  then  leave  the 
cell  as  waste. 

As  to  the  functional  mechanism  within  the  cell:  (1)  The 
physico-chemical  processes  that  sustain  life  occur  in,  or  around, 
the  networks  of  the  nucleus  and  cytoplasm,  the  affinity  of  the 
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adrenoxidase  granules  composing  these  networks  for  phosphorus 
causing  them  to  attract  the  nucleo-proteid  granules  and  to  com- 
bine with  them;  (2)  in  the  nucleus  the  two  bodies  are  replaced, 
gradually  as  they  are  being  used,  by  the  absorption  of  granules 
of  both  kinds  from  the  exteiior;  (3)  the  network  of  the  cyto- 
plasm is  also  rebuilt  as  its  granules  are  being  used,  but  by  the  nu- 
cleus, wliich  projects  fresh  granules  of  adrenoxidase  into  its 
threads;  (-i)  the  nucleo-proteid  granules  are  continuously  being 
taken  up  by  the  network  from  the  accumulations  of  these  gran- 
ules stored  in  the  cytoplasm  between  its  meshes;  (5)  the  ground- 
substance  between  the  meshes  of  the  network  is  passive  in  the 
vital  process,  being  a  depository  for  the  stored  nucleo-proteid 
granules,  waste  products,  salts,  etc.;  (6)  when  the  nucleo-pro- 
teid granules,  and  what  carbohydrates  may  be  present,  are  worn 
out,  they  are  broken  down  by  the  various  hydrolytic  triads  {fer- 
ments) also  brought  to  the  cell  by  the  leucocytes,  and  converted 
into  benign  wastes  which  are  cast  out  through  the  vacuoles  into 
the  lymph  spaces  and  ultimately  eliminated. 

In  the  nervous  system,  the  biochemical  processes  involved 
correspond,  on  the  whole,  with  those  of  cells  in  general.  Yet  the 
neuron,  as  previously  stated,  is  not  a  cell-unit  as  now  generally 
taught,  but  an  organ ;  it  presents,  moreover,  structural  peculiari- 
ties as  to  the  manner  in  which  its  blood  is  distributed  to  its  cells. 
As  to  this  feature  of  the  problem:  (1)  nerve-cells  differ  from 
ordinary  cells  in  that  they  are  supplied  with  adrenoxidase  by  cap- 
illaries (fibrils)  that  empty  directly  into  their  networks;  (2) 
in  the  chief  cell  of  the  neuron,  the  "cell  body,"  these  capillaries, 
or  "neuro-fibrils,"  reach  the  network  or  cytoreticulum,  which 
is,  as  in  other  cells,  composed  of  adrenoxidase  {oxy chromatin) 
granules,  and  immersed  in  a  plasmatic  cytoplasm  containing 
groups  of  nucleo-proteid  (basichromatin)  gramdes;  (3)  in  the 
neuraxon  or  nerve,  the  axis-cylinder  fibrils  allow  the  adrenoxi- 
dase to  traverse  their  walls  {as  it  does  through  those  of  ordinary 
capillaries)  and  to  enter  the  slits  of  Lantermann  in  the  myelin, 
which  slits  in  turn  open  into  the  networks  in  this  substance. 

As  to  the  functional  relationship  between  the  cell-body  of 
the  neuron  and  its  neuraxon  or  nerve,  the  manner  in  which  nerve 
impulses  are  produced,  and  the  nature  of  these  impulses:  (1) 
the  "cell-body"  of  a  neuron  is  not  a  nerve-cell  but  a  co-ordinating 
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center  endowed  with  marked  irritability;  as  such  it  can  react  to 
nervous  impulses  and  cause  its  own  neuraxon  or  nerve  to  generate 
such  impulses;  (3)  it  performs  this  function  by  contracting^ 
around  the  upper  end  of  the  axis-cylinder  fibrils  that  project 
into  it;  the  (centripetal)  current  of  adrenoxidase-laden  plasma 
being  thus  impeded  {proportionally  as  to  degree  and  time,  with 
the  vigor  and  duration  of  the  impulse),  the  pressure  of  this  fluid 
in  the  fibrils  is  increased  throughout  the  whole  length  of  the 
nerve,  and  an  excess  of  adrenoxidase  is  driven  into  the  networks 
of  the  myelin;  (3)  the  phosphorus-  and  fat-laden  myelin  being 
the  cytoplasm  of  the  true  nerve-cell  (the  internodal  segments 
around  the  axis-cylinder) ,  the  network  of  adrenoxidase  immersed 
in  it  is  the  focus  of  chemical  activity  as  in  other  cells,  and  the 
source  therefore  of  the  nerve  impulse;  (4)  the  true  nerve-cells 
are  the  biochemical  homologues  of  the  cells  constituting  the 
electric  organs  of  various  animals,  and  the  nerve  impulse  corre- 
sponds (as  to  its  nature)  with  the  impulses  derived  from  such  or- 
gans; (5)  the  waste  products,  which  include  lecithin,  cerebrin, 
purin  bases  and  phosphoric  acid,  are  eliminated  from  nerve-cells, 
as  elsewhere,  into  lymph  channels,  viz.,  into  the  peri-cellular 
lymph  spaces  around  the  cell-bodies ;  into  the  spaces  between  the 
nerves  in  nerve-bundles,  and  into  the  space  between  these  bundles 
and  their  outer  covering,  Henle's  sheath. 

Adrenoxidase  is  thus  shown  to  be  the  dominating  principle 
in  nerve-cells  as  well  as  in  all  other  cells.  It  is  able  not  only 
to  endow  non-living  though  viable  proteids  with  vitality  by 
bringing  into  play  and  governing  the  activity  of  various  other 
physico-chemical  bodies,  but  it  can  also  sustain  the  vital  process 
it  has  initiated,  in  all  the  cells  of  an  organism.  Again,  while 
we  may  define  Life,  with  Herbert  Spencer,  as  "the  continuous 
adjustment  of  internal  relations  to  external  relations,"  or  with 
de  Blainville  as  "the  two-fold  internal  movement  of  composi- 
tion and  decomposition,  at  once  general  and  continuous,"  the 
need  of  a  governing  and  vitalizing  physical  principle  has  as- 
serted itself  by  the  introduction  into  the  problem  at  various 
times  of  an  exogenous  "vital  principle,"  or  a  separate  and  dis- 
tinct "vital  force,"  etc.  But  such  agencies  do  not  bear  close 
scrutiny.     Spencer^^*   closes  his   chapter  on  the  "Dynamic 


Spencer:    "Principles  of  Biology,"  vol.  i,  p.  122,  1898. 
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Element  of  Life"  with  the  statement:  "We  find  it  impossible 
to  think  of  Life  as  imported  into  the  unit  of  protoplasm  from 
without;  and  yet  we  find  it  impossible  to  conceive  it  as  emerg- 
ing from  the  co-operation  of  the  components."  The  active 
principle  of  adrenoxidase  was  unknown  at  the  time  these  lines 
were  written;  its  role,  we  have  now  seen,  is  precisely  to  endow 
the  protoplasm  with  life  without  introducing  a  problematic  fac- 
tor into  the  process. 

General  Eemarks. — Notwithstanding   the  considerable 
and  painstaking  labor  that  physiologists  have  bestowed  upon 
the  questions  of  absorption,  assimilation  and  metabolism — 
which  labors  have  furnished  much  of  the  evidence  I  have  sub- 
mitted in  these  pages — none  have  remained  shrouded  in  greater 
obscurity.    As  to  absorption  of  food  products  from  the  in- 
testine, Howell,  for  instance,  says:-^*  "The  energy  that  con- 
trols absorption  resides. ...... .in  the  wall  of  the  intestine, 

presumably  in  the  epithelial  cells,  and  constitutes  a  spe- 
cial form  of  imbibition  which  is  not  yet  understood."  Accord- 
ing to  prevailing  views,  the  products  of  gastro-intestinal  diges- 
tion should  be  found  in  the  blood  after  their  passage  through 
the  walls  of  the  intestine :  Mendel  writes  r^^"  "Beyond  the  in- 
testinal wall,  in  the  blood  and  lymph  stream,  the  cleavage  prod- 
ucts seem,  for  the  most  part,  to  be  missing."  The  fluid  pro- 
teids  should  also  penetrate  freely  to  the  tissue-cells:  Howell 
states :  "The  proteids  of  the  blood,  which  are  supposed  to  be  so 
important  for  the  nutrition  of  the  tissues,  are  practically  in- 
diffusible,  so  far  as  we  know.  It  is  difficult  to  explain  their 
passage  from  the  blood  through  the  capillary  walls  into  the 
lymph."  The  prevailing  knowledge  of  the  intracellular  ex- 
changes is  even  less  satisfactory:  Sir  Michael  Foster^^^  closes 
a  study  of  metabolism  in  his  text-book  with  the  statement  that, 
after  all,  it  "consists  mostly  of  guesses  and  gaps." 

The  reason  for  this  deplorable  lack  of  knowledge  upon 
questions  which  represent  the  very  foundation  of  all  that  we, 
physicians,  should  thoroughly  understand  before  pretending  at 
all  to  study  diseased  states  intelligently,  is  not  difficult  to  find. 


2=i>  Howell:    "T.  B.  of  Physiology,"  p.  713,  1905. 
2™  Mendel:    Med.  News,  May  20,  1905. 

Foster:   cited  by  W.  G.  Little,  Liverpool  Med.-Chir.  Jour.,  Jan.,  1905. 
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Without  the  functions  the  data  submitted  have  led  me  to  at- 
tribute to  the  adrenal  secretion  and  the  granulations  of  leuco- 
cytes, the  problems  of  respiration,  absorption,  and  metabolism 
are  absolutely  unfathomable. 


CHAPTER  XVI. 


THE  PITUITARY  BODY  AS  GOVERNING  CENTER  OF 
VITAL  FUNCTIONS. 

THE  PITUITARY  BODY  AS  THE  GOVERNING  CENTER  OF  THE 
BODY'S  IMMUNIZING  FUNCTIONS. 

An  editorial  writer^  remarked  recently:  "It  was  not  en- 
tirely poetic  imagination  that  inspired  Jacques  Loeb  to  pre- 
dict that  through  the  oxidases  one  may,  in  time,  be  able  to  con- 
trol life  as  the  artist  governs  the  keys  of  the  piano.  Not 
merely  the  normal  course  of  life,  but  also  that  vast  gamut  of 
diseases  characterized  by  metabolic  derangements  might  be 
controlled  if  we  only  knew  how  to  favor  or  retard  the  action 
of  the  oxidases."  Four  years  ago  I  pointed  out  that  these 
identical  functions  were  carried  out  by  the  pituitary  body. 

In  the  first  volume  I  contended  that  the  anterior  lobe  of 
this  organ  contained  sensory  cells  which  had  for  their  purpose 
to  detect  the  presence  of  toxic  substances  in  the  blood.  Con- 
siderable evidence  was  also  submitted  to  show  that  these  sen- 
sory structures  could,  in  case  of  need,  and  through  the  inter- 
mediary of  the  adrenals,  enhance  the  functional  activity  of  the 
organism's  defensive  functions.  As  interpreted  from  my  stand- 
point, therefore,  the  pituitary  body  should  be  considered  as  an 
organ  of  special  sense  provided  by  Nature  to  protect  the  body 
against  the  harmful  effects  of  poisons  of  all  kinds. 

That  such  a  protective  function  actually  exists  in  man  is 
further  sustained  by  the  fact  that  its  presence  is  clearly  dis- 
cernible throughout  the  entire  phylogenetic  scale,  at  least  down 
to  and  including  mollusks.  "Near  the  base  of  the  stem  of  each 
ctenidium"  [gill-combs],  says  Ray  Lankester,^  "is  a  patch  of  the 
epithelium  of  the  body-wall,  peculiarly  modified  and  supplied 
with  a  special  nerve  and  ganglion.  This  is  Spengel's  olfactory 
organ,  which  tests  the  respiratory  fluid,  and  is  persistent  in  its 

1  Editorial:    Medical  News,  Dec.  24,  1904. 

2  Ray  Lankester:  Art.  "Mollusca,"  "Encyclo.  Britannica,"  ninth  edition, 
vol.  xvi,  p.  636. 
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position  and  nerve-supply  throughout  the  group  Mollusca." 
To  this  group  of  cells  Lankester  gave  the  name  "osphradium." 
Parker  and  HaswelP  more  specifically  define  the  functions  of 
this  organ,  viz.,  "to  test  the  purity  of  the  water  entering  by 
the  respiratory  current." 

Ascending  from  the  Invertebrates  to  the  Vertebrates,  we 
find  this  same  organ  in  the  lowest  of  fishes,  the  lancelet  or 
amphioxus.  In  this  lowly  animal,  the  water,  which  enters  the 
mouth  and  traverses  the  entire  body,  also  subserves  the  re- 
spiratory function  (Lankester).*  "The  mouth  of  Amphioxus 
would  seem  to  be  well  guarded  against  the  intrusion  of  noxious 
substances,"  writes  Willey,®  "everything  entering  the  mouth 


g.'s  end 


Fig.  1.— Test-Organ  in  Amphioxus  in  a  Young  Transparent  Individual. 
(After  J.  Muller,  slightly  modified  by  Willey). 

wo,  Ciliated   epithelial   tracts,   gs,  Gill-slits,    end,  Bndostyle   (the   future  thy- 
roid),  va,  Down-growth  of  Aorta,   nt.  Spinal  cord,   ch,  Notochord. 
e,  Bye-spot,   ci.  Cirri. 

has  to  pass  through  a  vestibule  richly  provided  with  sensitive 
epithelial  cells."  The  relations  of  these  cells  are  shown  in  Pig. 
1.  Lloyd  Andriezen"  likewise  refers  to  sensory  structuxes  in 
amphioxus  constituting  "a  nervous  organ,"  which  is  "sensitive 
to  the  quality  of  the  water  which  passes  over  it,"  and  remarks 
that  "this  is  no  isolated  phenomenon,  for  we  find  a  striking 
analogy  in  the  osphradial  organ  and  ganglion  of  Mollusca, 
which  is  situated  at  the  entry  of  the  mantle  or  respiratory 
chamber,  and  serves  to  test  the  quality  of  the  water  which 
passes  over  the  respiratory  organ."    We  thus  have  clear  evi- 

'  Parker  and  Haswell:    "Manual  of  Zoology,"  p.  277,  1900. 

*  Lankester:    Loc.  cit.,  vol.  xiv,  p.  258. 

*  Willey:    "Amphioxus  and  the  Ancestry  of  the  Vertebrates,"  p.  19,  1894. 
°  Lloyd  Andriezen:   Brit.  Med.  Jour.,  Jan.  13,  1894. 
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dence  to  the  effect  that  these  lower  forms,  at  least,  are  en- 
dowed with  a  specific  apparatus,  which,  though  primitive,  has 
for  its  purpose  to  protect  the  oxygen-bearing  stream,  and, 
through  the  latter,  the  body  at  large. 

A  feature  of  great  importance  in  this  connection,  however, 
is  the  evident  presence  of  two  structures  fulfilling  correlated 
functions.  While  Lankester  refers  to  "a  patch  of  epithelium" 
.  .  .  .  "supplied  with  a  special  nerve  and  ganglion,"  located  at 
the  base  of  the  gill-combs  in  MoUusks,  he  includes  all  these 
structures  in  Spengel's  "olfactory"  test-organ.  The  impor- 
tance of  this  lies  in  the  fact  that  we  have  in  this  dual  organ 
a  counterpart  of  the  pituitary  body,  which  is  composed,  as  is 
well  known,  of  two  lobes,  one  epithelial  and  the  other  neural. 
As  far  back  as  1881  Julin''  showed  that  in  Ascidians,  or  sea- 
squirts,  which  belong  to  a  subclass  below  amphioxus  (the 
Urochorda),  the  SM&neural  gland,  which  underlies  a  ganglion 
embedded  in  the  mantle  of  these  animals  (and  which  ganglion 
represents  the  general  center  of  their  nervous  system),  was 
similar  in  structure  and  relations  to,  and  a  counterpart  of,  the 
pituitary  body  of  the  Vertebrates.  Lloyd  Andriezen^  not  only 
confirmed  this  fact  more  recently,  but  as  the  result  of  compre- 
hensive histological  study  of  the  subject  in  ammocoetes  (larval 
petromyzon)  and  lower  forms,  affirmed  the  previously  supposed 
two-fold  function  of  this  organ.  "Even  in  the  highest  mam- 
mals and  man,"  says  this  investigator,  "it  has  a  two-fold  struc- 
ture and  represents  a  double  organ." 

The  close  relationship  between  the  two  organs  is  clearly 
shown  in  Fig.  2,  a  longitudinal  section  of  the  upper  portion 
of  a  young  clavelina,  or  sea-squirt,  shortly  after  metamor- 
phosis. Although  drawn  by  van  Beneden  and  Julin,  the  illus- 
tration is  a  part  of  one  reproduced  from  Willey's  treatise,  and 
the  lettering  in  the  latter  is  intentionally  preserved.  The 
water  enters  m,  the  mouth,  is  tested  by  hy,  the  hypophysis,  i.e., 
the  pituitary  body,  and  the  latter,  as  clearly  shown,  is  in 
immediate  contact  with  g,  the  ganglion. 

This  affords  additional  testimony  in  another  direction. 
In  the  first  volume  I  stated  that  the  pituitary  body  was  not  only 

Julin:  "Recherches  sur  I'organis.  des  ascidies  simples,"  Archives  de  biol., 
vol.  ii,  pp.  59,  211,  1881. 

^  Lloyd  Andriezen:    Loc.  cit. 
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connected  with  the  adrenals,  but  also  that  the  fibers  from  the 
former  organ  ultimately  reached  the  latter  by  a  direct  nerve 
path,  even  though  the  adrenals  were  located  in  so  remote  a  posi- 
tion as  above  the  kidneys,  i.e.,  amongst  the  abdominal  viscera. 
In  Fig.  2,  vn,  the  visceral  nerve  (which,  with  the  ganglion,  rep- 
resents the  animal's  entire  central  nervous  system),  as  may  be 
seen,  extends  from  g,  the  ganglion,  to  int,  the  intestines. 
Benedin  and  Julin  allude  to  this  nerve  as  the  cordon  ganglion- 
naire  visceral,  or  "visceral  ganglionic  cord,"  which  starts  "from 
the  posterior  end  of  the  adult  cerebral  ganglion,  and,  proceed- 
ing along  the  dorsal  side  of  the  pharynx  above  the  dorsal 
lamina,  becomes  lost  among  the  viscera"  (Willey®).  Huxley 
and  Martin,^**  moreover,  refer  to  the  "patch  of  sensiferous 


Pig.  2.— Osphradium  or  Test-Organ  of  a  Young  Ascidian. 

m.  Mouth,   hy.  Hypophysis  (Pituitary),  the  test-organ,   g.  Ganglion,   end,  Endo- 
style  (future  thyroid),   gs.  Future  gill-slits,   vn.  Visceral  nerve,  int. 
Intestine.    (Drawn  after  van  Bencden  and  Julin.) 

epithelium  in  the  roof  of  the  inhalant  siphon"  or  test-organ 
(Lankester's  osphradiiun)  as  being  "immediately  connected" 
with  "the  parieto-splanchnic  ganglion."  We  have  seen  that 
the  abdominal  main  path  to  the  adrenals  is  the  great  splanch- 
nic nerve.  It  is  evident,  therefore,  that  even  in  so  low  a 
group  as  Mollusca,  which  includes  the  bivalves,  shell-fish,  clams, 
oysters,  mussels,  etc.,  the  univalves,  snails,  periwinkles,  etc., 
and  the  cuttle-fishes,  squids,  octopi,  etc.,  though  supplied  with 
very  limited  nervous  systems,  the  fundamental  nerve  structure 
or  cephalic  ganglion  is  intimately  connected  with  the  hypo- 
physis or  pituitary  body — an  early  prototype  of  the  system  I 
have  traced  in  man. 


"Willey:   Loc.  cit.,  p.  224. 

^"Huxley  and  Martin:   "Practical  Biology,"  p.  312,  1892. 
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A  confusing  feature  of  the  whole  problem  has  served 
greatly,  however,  it  seems  to  me,  to  obscure  our  knowledge  of 
the  functions  of  the  pituitary  body.  We  have  seen  that  the 
osphradium,  the  patch  of  epithelial  cells  forming  Spengel's  or- 
gan, and  to  which  water-testing  functions  have  been  ascribed, 
is  referred  to  by  various  zoologists  as  an  olfactory  organ. 
Again,  the  pituitary  body,  as  we  know,  is  connected  with,  and 
forms  part  of,  the  infundibulum  in  craniate  Vertebrates.  The 
uniformity  of  this  anatomical  relationship  obviously  suggests  a 
functional  connection  between  them,  especially  since,  in  the 
course  of  its  embryological  development,  the  pituitary  becomes, 
in  most  forms,  detached  from  the  mouth  to  actually  fuse  with 
the  infundibulum — evidently  a  purposeful  step.  Von  Kupp- 
fer^^  having  found  the  homologue  of  the  olfactory  organ  of 
Amphioxus  in  a  region  quite  remote  from  the  infundibulum  in 
craniate  Vertebrates,  concluded  that  there  could  be  no  relation 
between  them,  and  that  the  olfactory  organ  of  Amphioxus  was 
the  homologue  of  the  median  rudimentary  lobe  of  the  embryo 
which  ultimately  becomes  the  true  olfactory  lobe,  i.e.,  that  con- 
nected with  the  sense  of  smell. 

Von  Kuppfers  view,  which  has  been  accepted  by  a  num- 
ber of  investigators,  though  apparently  poised  on  a  sound 
foundation,  is  invalidated  by  the  fact  that  he  assumes  that 
there  exists  but  one  structure  supplied  with  specific  olfactory 
cells,  whereas  the  nature  of  the  functions  of  the  osphradium  in 
mollusks,  and  the  corresponding  test-organ  in  Ascidians,  Am- 
phioxus, etc.,  and  other  facts,  clearly  suggests  that  there  may 
be  two.  This  important  question  can  only  be  settled  by  show- 
ing that  in  the  higher  mammals  there  exists,  besides  the  olfac- 
tory lobe  of  the  organ  of  smell,  another  region  supplied  with 
olfactory  cells  and  intimately  connected  with  the  pituitary 
body.  That  such  is  actually  the  case  is  shown  by  the  follow- 
ing facts: — 

Nearly  forty  years  ago,  Peremeschko^^  described  a  trans- 
verse slit,  or  cavity,  between  the  glandular  elements  of  the  an- 
terior lobe  of  the  pituitary  and  the  partition  which  separates  it 
from  the  posterior  lobe.    This  cavity  was  found  by  him  to  be 


"Von  Kuppfer:    Archiv  f.  mikr.  Anat.,  Bd.  xxxv,  S.  4fi9,  1890. 

"  Peremeschko:   Virchow's  Archiv  f.  Anat.  u.  Phys.,  Bd.  xxxviii,  S.  329,  1867. 
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lined  throughout  in  man  with  ciliated  epithelium.  Wilhelm. 
Miiller^*  also  found  that  the  internal  wall  of  this  slit,  forming 
part  of  the  interlobular  partition,  was  lined  with  this  epithe- 
lium. Cadiat^*  and  others  have  since  confirmed  these  observa- 
tions— all  made,  however,  before  the  more  advanced  histolog- 
ical methods  had  been  developed.  Recently  this  region  of  the 
pituitary  body  was  studied  by  Gentes,^^  by  the  Golgi  method, 
in  the  higher  mammals,  namely,  the  cat  and  dog.  He  found 
that  the  anterior  lobe  was,  in  reality,  composed  of  two  parts,  the 
glandular  and  neural,  the  latter  forming  the  inner  wall  of  the 
partition  between  the  two  lobes.  The  epithelium  revealed  by 
ordinary  stains  was  shown,  by  the  Golgi  method,  to  contain  in- 
terstices penetrated  throughout  by  sensory  cells,  each  cell  send- 
ing broad  processes  to  the  free  surface  and  into  the  depths  of 
the  epithelial  layer.  The  latter's  structure,  he  states,  recalled 
exactly  that  of  the  olfactory  area  of  the  nasal  mucous  membrane. 

The  value  of  these  observations  is  enhanced  by  the  fact 
that  Gentes  does  not  refer  to  the  researches  of  zoologists,  whose 
labors,  of  course,  were  beyond  his  normal  field.  We  thus  have, 
in  his  work,  an  independent  confirmation  of  the  existence  in  the 
pituitary  body  of  the  higher  mammals,  of  a  structure  totally 
independent  of  the  organ  of  smell,  and  which,  even  in  the  lowly 
mollusk,  has  been  accorded  the  rank  of  a  protective  organ — pre- 
cisely that  recognized  by  Spengel  in  Ascidians,  i.e.,  to  "test  the 
respiratory  fluid." 

One  of  the  functions  I  have  ascribed  to  the  pituitary  body 
of  man  is  none  other  than  this,  namely :  to  detect  any  toxic  sub- 
stance that  may  be  present  in  the  blood,  the  organism's  oxygen 
carrier  and,  therefore,  its  respiratory  fluid,  after  the  water- 
vascular  system  has  become  a  blood-vascular  system. 

As  we  will  see  farther  on,  this  harmonizes  with  the  phylog- 
eny  and  embryology  of  both  lobes  of  the  pituitary  body. 

Drugs,  toxins,  venoms,  toxic  physiological  wastes,  etc.,  as- 
sume, under  these  conditions,  the  position  of  foreign  elements 
in  the  blood-stream.  Om  the  other  hand,  the  presence  in  the 
human  pituitary  body  of  nerve-cells  recalling  those  of  an  organ 

"Wilhelm  Muller:   Jenaische  Zeit.  f.  Naturw.,  Bd.  vii,  S.  327,  1873. 

Cadiat:  "Anatomie  Generale,"  cited  by  Guepin,  Tribune  medioale,  Dec. 
10,  1891. 

>s  Gentes:    C.  r.  de  la  Soc.  de  biol.,  T.  Iv,  p.  100,  1903. 
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capable  of  reacting  to  innumerable  kinds  of  odoriferous  emana- 
tions and  therefore  to  the  immeasurably  small  particles  of  which 
they  are  composed,  explains  why  the  body  responds  actively  to 
the  influence  of  so  many  of  these  toxics  and  why  so  minute  a 
dose  of  a  given  remedy,  ^/qqo  grain  (0.0001  gramme)  of  aconi- 
tine,  for  example,  or  an  equally  diminutive  quantity  of  vaccine 
virus  can  evoke,  in  the  human  organism,  such  marked  phenom- 
ena as  those  observed. 

It  is  evident,  therefore,  that  we  are  dealing,  in,  this  con- 
nection, with  the  foundation  of  the  organism's  auto-protective 
mechanism — one  indeed,  as  I  have  stated  in  the  first  volume 
(and  as  will  be  further  emphasized  in  the  present  one),  whose 
beneficial  influence  we  can,  through  our  remedies,  govern  at  will. 
But  I  also  pointed  out  therein  that  it  was  through  the  inter- 
mediary of  the  oxidizing  substance — adrenoxidase — that  this 
influence  was  exercised.  How  is  the  distribution  of  this  all- 
important  substance  governed,  i.e.,  hastened  or  retarded?  If, 
as  I  hold,  the  pituitary  body  is  a  structure  through  which  dis- 
ease may  be  controlled,  what  constitutes  within  its  precincts  the 
keyboard — using  Jacques  Loeb's  comparison — which  we,  as  art- 
ists, must  utilize  to  attain  this  object  ? 

The  purpose  of  this  chapter  is  to  answer  this  question. 

THE  PITUITARY  BODY  AS  A  NERVE-CENTER. 

In  the  first  volume,  I  ascribed  to  the  pituitary  body  the 
function  of  a  general  nerve-center.  While  urging  that  it  was 
the  anterior  lobe  of  this  organ  which  carried  on  the  function 
referred  to  in  the  preceding  section — that  of  "test-organ" — 
owing  to  its  identity  as  the  governing  center  of  the  adrenals, 
I  pointed  out  that  the  posterior  or  "neural"  lobe,  which  is 
linked  with  the  anterior,  and  connected  by  its  pedicle  with  the 
base  of  the  brain,  was  the  primary  source  of  motor  impulses 
now  thought  to  originate  in  the  bulb  or  medulla  oblongata.  The 
anatomical  relations  of  the  two  organs  to  which  I  attribute  such 
commanding  importance  is  well  shown  in  the  illustration  on 
page  963,  in  the  aseidian.  The  ganglion  adjoined  to  the  pitui- 
tary body  hy,  is  not  merely  the  cell-body  of  a  neuron,  as  the  term 
implies ;  as  stated  by  Jacques  Loeb     "In  Ascidians  the  central 


Jacques  Loeb:    "Comparat.  Physiol,  of  the  Brain,"  p.  35,  1902. 


THE  PITUITARY  AS  A  NERVE-CENTER. 


967 


nervous  system  consists  of  a  central  ganglion."  It  is,  in  other 
words,  the  source  of  all  motor  impulses  transmitted  to  the 
various  organs  of  these  animals. 

In  the  higher  Chordata,  which  include  all  vertebrates — 
fishes,  amphibians,  reptiles,  birds  and  mammals  and,  therefore, 
man — the  anatomical  relations  remain  the  same  as  in  the  Ascid- 
ians.  Thus,  as  stated  by  Parker  and  Haswell^^  in  reference 
to  the  development  of  the  pituitary  is  this  phylum :  "The  floor 
of  the  diencephalon  grows  downward  into  a  funnel-like  pro- 
longation, the  infundibulum:  with  this  the  pituitary  diverticu- 
lum of  the  pharynx  comes  into  relation,  and  there  is  formed 
partly  from  the  dilated  end  of  the  diverticulum,  partly  from  the 
extremity  of  the  infundibulum,  a  gland-like  structure,  the  pitui- 
tary body  or  hypophysis,  always  situated  immediately  in  front 
of  the  anterior  extremity  of  the  notochord."  In  other  words, 
from  the  lowly  Ascidian,  which  represents  one  of  the  simplest 
organisms  classed  among  the  Chordata,  up  to  man,  the  pituitary 
body  is  connected  with,  and  forms  part  of,  the  upper  extension 
of  spinal  cord  in  the  base  of  the  brain.  Its  infundibular  exten- 
sion, as  is  well  known,  is  the  neural  or  posterior  lobe  of  the  pitui- 
tary, which  is  separated  from  the  anterior  or  "glandular"  lobe  by 
the  partition  in  which  the  "test-organ"  is  embedded. 

That  the  pituitary  body  fulfills  important  functions  in  the 
higher  animals  as  well  as  in  the  lower  forms  is  strikingly  sug- 
gested by  the  results  that  follow  removal  of  the  organ,  espe- 
cially when  it  is  fully  developed,  as  in  adult  animals. 

Marinesco^^  trephined  the  bone  underlying  the  organ  and 
destroyed  the  latter  by  cauterization  in  cats.  Two  died  almost 
immediately;  two  twenty-four  hours  later,  one  lived  four  days, 
another  five  days,  and  the  last  eighteen  days.  No  cause  for 
death  could  be  found  other  than  the  destruction  of  the  pituitary. 
Dastre*"  performed  similar  experiments.  All  the  animals  died. 
Alluding  to  Marinesco's  experiments  and  to  others  by  Vassale 
and  Sacchi,^"  Schafer  states  that  the  symptoms  observed  were: 
"(1)  diminution  of  the  body  temperature;  (2)  anorexia  and 
lassitude;   (3)   muscular  twitchings  and  tremors  developing 

"Parker  and  Haswell:    "T.  B.  of  Zoology,"  vol.  ii,  p.  96,  1897. 
i*Marinesco:    Bull,  de  la  Soc.  de  biol.,  June  4,  p.  509,  1892. 
"  Dastre:    Richet's  "Diet,  de  physiol.,"  vol.  1,  p.  109,  1895. 
^Vassale  and  Sacchi:   Arch.  ital.  de  Isiol.,  vol.  xxii,  p.  123,  1895. 
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later  imto  spasms;  (4)  dyspnoea."  In  their  original  article, 
Vassale  and  Sacchi  mention  an  instance  in  which  the  pituitary 
was  only  partially  destroyed;  although  the  characteristic  phe- 
nomena followed  and  lasted  about  three  weeks,  the  animal 
recovered  and  remained,  healthy  eleven  months.  The  incomplete 
destruction  of  the  organ  was  then  confirmed.  They  state  that 
animals  die  promptly  after  a  complete  operation.  Andriezen^^ 
says  that  destruction  of  the  pituitary  causes  apathy  and  psychi- 
cal depression,  marked  relaxation  of  the  muscular  system,  and 
muscular  spasm.  Co-ordination  and  equilibrium  are  greatly  im- 
paired. The  temperature  becomes  abnormally  low;  nutrition  is 
reduced;  cachexia  supervenes  and  death  follows.  Caselli^^  after 
removal  of  the  gland  in  young  animals  observed  cachexia,  glyco- 
suria, and  death.  Pirrone^*  ascertained  experimentally,  among 
other  facts,  that  "the  results  of  the  suppression  of  its  functions 
are  disturbances  of  mobility,  great  depression,  rapid  emaciation, 
cachexia  and  death."  He  was  also  led  to  conclude  that  "al- 
though the  exact  functional  mechanism  of  this  gland  is  not  as 
yet  well  understood,  it  is  evident  that  it  is  of  the  greatest  im- 
portance to  the  economy,"  and  furthermore,  that  "although  a 
partial  lesion  is  compatible  with  existence,  its  total  removal 
irrevocably  leads  to  death."  Kronlein  and  Von  Eiselsberg^*  de- 
stroyed the  pituitary  body  in  cats.  The  procedure  invariably 
proved  fatal.  Friedmann"^  removed  the  organ  from  several 
kittens  from  3  days  to  10  weeks  old.  All  died  except  one,  which 
showed  "an  insignificant  staggering"  and  lived  two  and  one-half 
months.  With  Maas^**  the  same  observer  also  removed  the  pitui- 
tary in  eighteen  animals.  Twelve  died  in  from  one  to  thirteen 
days ;  two  died  of  complications ;  three  which  continued  to  live, 
were  found  still  to  possess  a  part  of  their  organs ;  the  remaining 
one,  notwithstanding  complete  removal,  lived  three  and  one-half 
months;  after  which  it  was  killed.  Death  might  be  ascribed, 
in  these  younger  animals  at  least,  to  the  severity  of  the  operative 
procedure  adopted,  since,  as  I  have  stated  in  the  first  volume, 


21  Andriezen:   Brit.  Med.  Jour.,  Jan.  13,  1894. 

22Caselli:  "Studii  anat.  e  sperim.  sulla  fisio-pat.  della  glandula  pitul- 
taria,"  1900. 

23Pirrone:    La  riforma  medica,  Feb.  25,  p,  205,  1903. 

2*  Kronlein  and  Von  Eiselsberg:  Trans.  German  Surgical  Assoc.,  Apr.  6, 
pp.  110,  111.  1904. 

2s  Friedmann:    Berliner  klin.  Woch.,  May  12,  p.  436,  1902. 
28Friedmann  and  Maas:   Ibid.,  Dec.  24,  p.  1213,  1900. 
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the  thymus  fulfills  to  a  certain  extent  the  functions  of  the  ad- 
renal system  until  the  organs  composing  the  latter  are  devel- 
oped. Very  young  mammals  correspond  with  the  lower  verte- 
brates (toads,  frogs,  etc.,  for  instance)  in  this  particular,  the 
morbid  eifeets  of  removal  growing  in  intensity  as  the  higher 
mammals  are  reached. 

The  most  decisive  experiments,  however,  were  performed  by 
Masay,^^  whose  object  was  to  ascertain  whether  all  the  animals 
did  not  die  owing  to  the  severity  of  operation.  After  removing 
a  disc  of  bone  6  millimeters  in  diameter  from  beneath  the  pitui- 
tary body  of  two  dogs,  he  rapidly  destroyed  the  organ  with 
thermocautery.  The  next  day  both  animals  were  profoundly 
asthenic  and  unable  to  stand,  while  spasmodic  twitchings  and 
"convulsive  trembling"  occurred.  On  the  third  day,  these  phe- 
nomena became  more  marked;  coma  supervened,  and  the  ani- 
mals died.  The  pituitary  body  was  found  cauterized  in  both 
animals  and  congestion  of  the  nerve-centers  was  noted.  In  a 
third  dog,  the  same  procedure  was  resorted  to,  but  in  two  stages. 
The  pituitary  body  was  exposed  as  in  the  two  other  instances, 
and  the  animal  allowed  to  recover.  Two  secondary  haemorrhages 
and  marked  hyperthermia  occurred,  but  a  week  later  all  signs 
of  discomfort  had  disappeared.  The  pituitary  was  then  destroyed 
with  galvano-cautery.  On  the  following  day,  the  symptoms  ob- 
served in  the  two  other  dogs  appeared,  viz.,  marked  asthenia, 
with  occasional  paroxysms  of  muscular  spasm  or  very  violent 
convulsions,  hypothermia,  and  "very  rapid"  heart  beat.  They 
became  gradually  more  intense,  and  the  lethal  course  observed 
in  the  other  animals  followed. 

It  is  when  the  fatal  influence  of  removal  of  the  pituitary 
body  is  compared  with  the  effects  of  removal  of  the  brain  that 
the  functional  importance  of  the  former  organ  asserts  itself. 

Beginning  with  the  lower  vertebrates  we  have  Wilber's 
frog,^*  which  lived  five  years  after  removal  of  its  cerebral  hemi- 
spheres. "During  all  this  period  the  animal  never  once  showed 
signs  of  any  initiative,  its  only  movements  being  very  slight 
and  attributed  to  muscular  ennui,  like  that  of  persons  asleep. 
The  eyes,  optic  nerves,  and  opt:c  lobes  of  the  brain  were  unin- 

Masay:  Ann.  de  la  Soc.  roy.  de  sci.  med.  et  nat.  de  BruxeUes,  T.  xii, 
Fasc.  3,  p.  1,  1903. 

^WUbur:  Amer.  Med.,  Jan.  7,  p.  6,  1905. 
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jured,  and  the  animal  could  evidently  see,  but  without  under- 
standing. The  most  attractive  frog  food  put  before  it  was  ab- 
solutely unnoticed,  and  it  has  been  fed  every  day  for  five  years 
by  an  attendant,  who  would  open  its  mouth,  and  with  force 
push  a  bit  of  fresh  meat  or  fish  far  enough  back  into  its  throat 
to  arouse  the  reflex  mechanism  of  swallowing.  If  touched,  it 
would  move  or  leap;  if  placed  in  water,  it  would  swim  until 
some  support  was  reached;  if  turned  upon  its  back,  it  would 
promptly  and  vigorously  right  itself." 

In  a  higher  vertebrate,  the  pigeon,  the  results  are  the  same. 
"The  results  of  ablation  of  the  cerebral  hemispheres  in  pigeons," 
says  Schaferj^"  "have  been  described  in  great  detail  by  Eolando, 
Flourens,  Longet,  Vulpian  and  others.  A  pigeon  so  mutilated 
continues  able  to  maintain  its  equilibrium  and  to  regain  it 
when  disturbed.  When  placed  on  its  back,  it  succeeds  in  regain- 
ing its  feet.  When  pushed  or  pinched,  it  marches  forward. 
Should  it  happen  to  step  over  the  edge  of  the  table,  it  will  flap 
its  wings  until  it  regains  a  firm  basis  of  support.  When  thrown 
in  the  air,  it  flies  with  all  due  precision  and  co-ordination.  Left 
to  itself,  if  seems  as  if  plunged  in  profound  sleep.  From  this 
state  of  repose  it  is  easily  awakened  by  a  gentle  push  or  pinch, 
and  looks  up  and  opens  its  eyes.  Occasionally,  apparently  with- 
out any  external  stimulation,  it  may  look  up,  yawn,  shake  itself, 
dress  its  feathers  with  its  beak,  move  a  few  steps,  and  then  settle 
down  quietly,  standing  sometimes  on  one  foot  and  sometimes  on 
both.  Should  a  fly  happen  to  settle  on  its  head,  it  will  shake 
it  off.  If  ammonia  be  held  near  its  nostrils,  it  will  start  back. 
Should  the  finger  be  brusquely  approximated  to  its  eyes,  it  will 
wink  and  retreat.  A  light  flashed  before  its  eyes  will  cause  the 
pupil  to  contract;  and  if  a  circular  motion  be  made  with  the 
flame,  the  animal  may  turn  its  head  and  eyes  accordingly.  It 
will  start  suddenly  and  open  its  eyes  widely  if  a  pistol  be  dis- 
charged close  to  its  head." 

In  the  higher  mammals,  the  absence  of  the  influence  of  the 
brain  on  the  life  processes  is  none  the  less  evident.  Goltz's 
world-renowned  dog  which  lived  eighteen  months  after  its  brain 
(including  part  of  the  optic  thalami  and  corpora  striata)  had 
been  removed  piecemeal,  affords  a  striking  example  of  this  fact. 


Schafer:   hoc.  cit.,  vol.  ii,  p.  700. 
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It  walked  about,  curled  itself  up  when  about  to  sleep,  reacted 
promptly  to  tactile  impressions,  thus  showing  that  the  sensory 
mechanism  was  not  destroyed;  it  snarled  and  barked,  withdrew 
its  feet  when  these  were  placed  in  cold  water,  recovered  its 
equilibrium  when  its  feet  were  placed  on  the  falling  flap  of  a 
table;  limped  when  one  of  its  legs  was  accidentally  hurt;  re- 
jected and  showed  dislike  for  meat  rendered  bitter  with  quinine, 
and  refused  more  food  when  satiated. 

Thus,  in  animals  that  live  long  enough  after  complete 
destruction  of  the  pituitary  body,  morbid  phenomena  occur 
which  point  clearly  to  disturbance  of  cardinal  vegetative  func- 
tions, as  shown  by  dyspnoea,  hypothermia,  rapid  emaciation, 
asthenia,  staggering,  impairment  of  co-ordination  and  equilib- 
rium, cachexia,  spasms,  convulsions  and  death.  Eemoval  of 
the  hemispheres,  on  the  other  hand,  disturbs  in  no  way  these 
functions — sensory  or  motor — thus  showing  that  even  in  the 
higher  mammals,  all  purely  automatic  functions,  oxygenation, 
circulation,  digestion,  nutrition,  locomotion,  general  sensibility, 
etc.,  are  absolutely  independent  of  the  cerebrum.  Indeed, 
Soury,^"  referring  to  the  cortex,  remarks :  "The  experiments  of 
Steiner,  Goltz,  and  Schrader  show  that  the  existence  of  this 
organ  is  not  necessary  in  the  performance  of  psychical  func- 
tions considered  in  general  as  inferior."  ....  "It  is  the  organ 
for  superior  psychical  functions  termed  memory,  association  of 
ideas,  acquired  experience  and  reflection." 

That  the  pituitary  body  is  the  seat  of  functions  now  gen- 
erally attributed  to  the  cerebral  cortex  is  evident. 

While  experiments  in  animals,  clinical  and  post-mortem 
observations  have  shown  the  existence  in  the  cortex  of  areas 
which  have  been  called  "motor"  because  motor  effects  were  elic- 
ited on  stimulating  them,  this  term  is  used  merely  for  want  of 
a  better  one  and  is  not  regarded  by  physiologists  as  necessarily 
meaning  that  the  impulses  transmittted  from  the  cortex  are 
necessarily  "motor"  in  the  sense  usually  given  this  word.  "The 
terms  'motor  area'  and  'motor  center,'  "  says  Schafer,^^  "are  here 
used  to  imply  those  portions  of  the  cerebral  cortex  which  are 
directly  connected  by  efferent  projection  flbers  with  the  lower 

^oSoury:    "Systeme  nerveux  central,"  T.  i,  p.  635,  1899. 
'1  Schafer:  Loc.  cit.,  vol.  ii,  p.  722. 
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level  centers  (spinal  cord,  bulb  and  midbrain)  from  which  im- 
pulses producing  voluntary  muscular  action  emanate."  Again, 
"the  application  of  the  terms  'motor'  and  'sensory'  must  be 
used  rather  for  purposes  of  convenience  than  with  a  view  to  a 
rigid  definition  of  function." 

Foster^^  says,  however,  in  this  connection :  "The  simplic- 
ity of  the  electrical  phenomena  resulting  from  cortical  stimula- 
tion, which  we  described,  might  at  first  sight  lead  us  to  conclude 
that  the  whole  matter  was  fairly  simple;  and  indeed,  some 
writers  appear  to  entertain  the  conception  that  in  a  voluntary 
movement  such  as  that  of  the  fore-limb,  all  that  takes  place  is 
that  the  'will'  stimulates  certain  cells  in  the  cortical  area,  caus- 
ing the  discharge  of  motor  impulses  along  the  pyramidal  fibers 
connected  with  those  cells,  and  that  these  impulses  travel 
straight  down  the  pyramidal  tract  to  the  motor  fibers  of  the 
appropriate  nerves,  undergoing  possibly  some  change  at  the 
place  in  the  cord  where  the  pyramidal  fiber  makes  junction  with 
the  fiber  of  the  anterior  root,  but  deriving  their  chief  if  not 
their  whole  co-ordination  from  the  cortex  itself,  that  is  to  say, 
being  co-ordinated  at  the  very  starting-point."  He  character- 
izes this  view  as  "untenable,"  and  the  simplicity  of  the  elec- 
trical phenomena  as  "misleading." 

This  obviously  suggests  that  voluntary  impulses  are  not 
themselves  motor  impulses,  but  stimuli  which  awaken,  such  im- 
pulses in  the  spinal  system.  Indeed,  referring  to  the  experi- 
mental removal  of  both  hemispheres  in  pigeons,  Foster  re- 
marks "In  this  warm-blooded  animal,  as  in  the  more  lowly 
cold-blooded  frog,  the  parts  of  the  brain  below  and  hehind  the 
cerebral  hemispheres  constitute  a  nervous  machinery  by  which 
all  the  ordinary  bodily  movements  may  be  carried  out.  The  bird, 
like  the  frog,  suffers  no  paralysis  when  its  cerebral  hemispheres 
are  removed."  The  pituitary  body  evidently  forms  part  of  this 
region:  "Until  recently,"  writes  Willey/*  "it  was  generally 
thought  that  the  infundibulum  [the  pedicle  of  the  pituitary 
body]  represented  the  anterior  end  of  the  brain,  which  had  be- 
come bent  downward  and  backward.  Kuppfer  has  brought 
forward  weighty  reasons  for  doubting  this.    According  to  him, 


82  Foster:    Loc.  cit,  p.  680. 

Poster:  Loc.  cit.,  p.  641. 
3*Willey:   "Amphioxus  and  the  Ancestry  of  the  Vertebrates,"  p.  283,  1894. 
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the  infundibulum  is  essentially  a  down-growth  or  evagination 
from  the  fioor  of  the  brain,  occurring  behind  the  anterior  termi- 
nal extremity  of  the  brain." 

The  functional  relationship  between  the  brain  proper  and 
this  region  below  it  is  clearly  defined  in  Foster's  statement^^ 
that  "on  these  the  [cortical]  motor  area  must  have  its  Jiold  as  on 
the  spinal  mechanisms."  M.  DuvaP"  also  identifies  the  char- 
acter of  the  antero-lateral  tracts  themselves  as  extensions  of  the 
brain  per  se  when  he  says:  "When  the  antero-lateral  columns 
are  alone  severed,  voluntary  action  is  abolished  in  the  portion 
of  the  cord  below  the  section.  Evidently,"  he  adds,  "the  antero- 
lateral columns  serve  at  least  in  great  part  to  transmit  the  orders 
of  the  will;  they  establish  a  communication  between  the  cere- 
bral centers  and  the  gray  substances  of  the  spinal  cord." 

The  limits  of  this  gray  substance  are  apparently  restricted 
to  the  spinal  cord,  judging  from  Duval's  conclusion;  but  he 
gives  the  organ  its  true  functional  field  when  he  also  says:^^ 
"While  the  anatomist  locates  the  upper  limit  of  the  spinal  cord 
on  a  level  with  the  occipito-atloidean  articulation,  for  the  physi- 
ologist it  extends  into  the  interior  of  the  cranium  ....  about 
up  to  the  sella  turcica" — the  bony  pedestal,  we  know,  of  the 
pituitary  body. 

These  facts  plainly  suggest  (1)  that  the  pituitary  body 
fulfills  in  the  higher  mammals  as  important  functions  as  a  nerve- 
center  as  the  central  ganglion  does  in  the  lower  Chordata;  (3) 
that  it  influences  very  markedly  all  the  cardinal  functions: 
respiration,  oxygenation,  nutrition,  metabolism  and  locomotion ; 
and  (3)  that  it  is  the  source  of  all  automatic  or  vegetative 
motor  impulses  noio  believed  to  arise  from  the  cerebral  cortex. 

NERVE-PATHS  FROM  THE  PITUITARY  TO  THE  SPINAL  CORD. 

The  evidence  submitted  in  the  foregoing  section  indicates 
that  the  pituitary  body  must  be  connected  with  the  spinal  cord 
by  nerve-paths.  As  the  spinal  cord  was  showni  to  extend  up  to, 
and  include,  the  infundibulum,  which  in  turn  terminates  as  the 
neural  lobe  of  the  pituitary,  it  becomes  only  a  question  whether 
the  portion  of  the  cord  which  extends  above  the  bulb  or  medulla 


"5  Poster:    hoc.  cit.,  p.  688. 

Duval:  "Cours  de  physiologie,"  seventh  edition,  Paris,  1892. 
3' Duval:    Ibid,  pp.  40  and  78. 
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oblongata  contains  such  paths.  Not  only  has  their  presence  in 
this  location  been  ascertained  by  various  investigators,  but  it 
has  been  shown  that  the  basal  structures  to  which  they  are  dis- 
(tributed  are  connected  directly  with  the  pituitary  body  by 
nerves,  both  of  its  lobes  receiving  an  abundant  supply. 

Over  twelve  years  ago  Andriezen^®  referred  to  the  posterior 
or  neural  lobe  as  "little  beyond  a  neuroglia  remnant."  I  have 
since  pointed  out^"  however,  that  neuroglia  is  not  a  mere  retic- 
ulated framework  of  connective  tissue,  as  now  believed,  and  have 
adduced  evidence  showing  that  it  differs  from  the  latter  both  in 
its  origin  and  chemical  properties ;  that  it  originates  from  blood- 
vessels and  penetrates  into  nerve-cells.  Andriezen  himself'''** 
described  neuroglia-cells  connected  with  blood-vessels,  i.e., 
"ensheathing  the  vessels  of  the  brain" — the  purpose  of  these 
cells  being,  in  his  opinion,  to  prevent  undue  expansion  of  the 
cerebral  vessels.  The  view  of  Golgi,  Clouston  and  others  that 
neuroglia  supplies  nutrition  to  the  nerve-cells;  the  many  allu- 
sions to  the  "chromatin,"  "pigmentation,"  "granules,"  etc.,  of 
these  elements,  now  found  in  the  literature  of  the  subject; 
Bevan  Lewis's  belief  that  neuroglia-cells  are  "lymph"  channels, 
fiirther  sustain  the  view  I  advanced  four  years  ago,  viz.,  that 
while  neuroglia  fibers  are  minutes  capillaries  (which  do  not  stain 
like  ordinary  vessels,  owing  to  their  covering)  that  carry  plasma 
laden  with  oxidizing  substance  (adrenoxidase)  to  the  neurons, 
their  terminals  in  the  latter  being  the  neuro-fibrils  which  pene- 
trate the  cell-body  by  way  of  its  dendrites,  the  neuroglia-cells 
govern  the  quantity  of  this  substance  admitted  into  the  true 
nerve-"cells,"  i.e.,  the  neurons. 

Interpreted  from  this  standpoint,  the  wealth  of  neuroglia 
and  neuroglia-cells  in  the  posterior  pituitary  indicates,  not  that 
it  is  practically  a  useless  and  vestigial  organ  as  Andriezen  and 
others  believe,  but  precisely  the  opposite,  viz.,  that  it  is  a  very 
highly  differentiated  organ.  This  accounts  for  the  fact  that 
Berkley,*^  referring  to  the  prevailing  view  that  the  true  nervous 
elements  almost  entirely  disappear  in  the  neural  lobe  of  the 
adult  mammal,  remarks,  after  examining  about  2500  slides 


^Andriezen:   Lor.  rit. 

Cf.  vol.  i,  pp.  539  to  .590,  incl. 
■"•Andriezen:   Intern.  Monats.  f.  Anat.  u.  Physiol.,  vol.  x,  p.  532,  1893. 

Berkley:   Brain,  vol.  xvii,  p.  515,  1894. 
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of  this  lobe :  "After  reading  these  statements,  it  was  something 
of  a  surprise  to  find  the  above-described  beautiful  specimens 
of  several  types  of  ependymal  neuroglia-cells,  extending  from 
all  portions  of  the  middle  and  inferior  regions  of  the  cavity 
of  the  third  ventricle."  He  also  found  in  the  posterior  lobe 
itself,  an  array  of  nerve-cells  of  various  types,  some  of  which  are 
very  complex  and  evidently  specific  to  the  organ,  being  found 
nowhere  else  in  the  body.  Many  of  these  are  reproduced  and  de- 
scribed in  the  first  volume  (opposite  pages  495,  496  and  498). 

It  is  not  only  the  neuroglia-cells  that  communicate  with  the 
third  ventricle,  however.  As  stated  above,  each  lobe  is  supplied 
with  true  nerve-fibers  which  connect  it  with  the  basal  structures. 

Several  older  anatomists,  Sappey,  Luschka,  Miiller,  etc., 
refer  to  the  presence  of  longitudinal  nerves  on  the  surface  of 
the  infundibulum,  the  pedicle  of  the  pituitary,  which  nerves 
were  found  to  extend  up  to  the  third  ventricle;  but  it  was  only 
when  the  Golgi  silver  stain  methods  were  introduced  that  this 
question  could  be  studied  satisfactorily. 

Eamon  y  Cajal,*^  who  studied  the  subject  in  the  mouse, 
traced  a  direct  communication  between  the  basal  tissues  and 
the  anterior  lohe.  In  the  basal  tissues,  the  cell-bodies  were 
found  in  a  "mass  of  gray  matter  lehind  the  optic  chiasm,"  i.e.,  in 
the  anterior  extremity  of  the  third  ventricle,  while  their  neurax- 
ons  passed  downward  towards  the  pituitary.  Van  Gehuchten" 
says  in  this  connection,  referring  to  Cajal's  researches :  "These 
fibers  represent  the  axis-cylinders  of  a  group  of  nerve-cells  situ- 
ated behind  the  optic  chiasm.  Several  of  these  fibers  end  in  the 
thickness  of  the  pituitary's  pedicle;  others  penetrate  between 
the  epithelial  cells  of  the  anterior  or  glandular  portion  of  the 
pituitary."  Berkley**  also  found  nerves  in  this  lobe,  the  fibers 
among  the  epithelial  cells  ending,  as  shown  in  the  illustration 
opposite  page  498  (vol.  i,  figure  V)  in  the  shape  of  small  knobs. 
Andriezen's  researches,  as  had  those  of  Cajal,  showed  that  the 
anterior  lobe  had  "anatomical  connection  with  the  brain  floor," 
and  that  the  "development  of  a  small  specialized  group  of  nerve- 
cells  in  the  hasal  part  of  the  brain  cavity  (thalamocoel)  with 

*2  Ramon  y  Cajal:  Anales  de  la  Soc.  espafiola  de  hist,  nat.,  2a  Ser.,  vol. 
xxiii,  p.  214,  1894. 

"Van  Gehuchten:    "Anat.  du  systSme  nerveux,"  vol.  ii,  p.  239,  1900. 
"  Berkley :   Loc.  cit. 
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which  the  subneural  gland  [the  anterior  lobe]  came  into  rela- 
tionship. The  central  canal  of  the  spinal  cord,  traced  forward 
into  this  region,  was  seen  to  undergo  dilatation  into  a  distinct 
ventricle."  The  far-reaching  meaning  of  this  statement  asserts 
itself  when  it  is  recalled  that  Andriezen's  researches  include  the 
whole  of  the  animal  scale  from  amphioxus,  the  lowest  of  verte- 
brates, to  man.  They  indicate  that  simultaneously  with  the 
evolution  of  the  pituitary  there  occurred  not  only  that  of  the 
special  group  of  cells  intended  to  connect  the  organ  with  the 
base  of  the  brain,  but  also  that  of  the  third  ventricle. 

Eamon  y  Cajal  found  that  the  posterior  or  neural  lobe  of 
the  pituitary  was  filled  with  a  close  and  thick  plexus  of  fine 
varicose  fibers,  which  ramified  among  the  nerve-cells.  Longi- 
tudinal sections  showed  that  these  fibers  were  "terminal  arbori- 
zations of  a  bundle  which  passes  downward  into  the  infundi- 
bulum."  Other  fibers  were  observed  to  pass  upward  from  the 
organ  by  way  of  its  epithelial  walls  and  to  terminate  in  a  mass 
of  gray  matter  located  behind  the  optic  chiasm."  "Downward" 
and  "upward"  obviously  suggest  the  presence  of  sensory  and 
motor  paths  to  and  from  the  neural  lobe. 

Of  particular  interest  in  this  connection  is  a  set  of  nerves 
shown  to  exist  by  Gentes.*^  This  observer,  who  found  that  the 
partition  between  the  two  lobes  contained  a  layer  of  cells  histo- 
logically similar  to  the  olfactory  area — which  layer  I  assimilate 
to  the  test  organ — recently  studied  this  structure  anew  with  a 
view  to  tracing  its  connections.  He  was  again  led  to  the  con- 
clusion that  it  was  an  epithelial  structure  "in  no  way  glandular 
and  the  nervous  end-organs  of  which  were  sensitive  or  sensory," 
as  to  histological  structure.  In  a  still  more  recent  study,  Geni- 
tes*"  traced  these  connecting  fibers  from  the  sensory  organ  re- 
ferred to,  up  to  the  tissues  of  the  base  of  the  brain.  He  says, 
in  this  connection :  "Originating  by  free  end-organs  in  the  epi- 
thelial juxta-nervous  layer  [the  sensory  organ],  they  reach  the 
sub-epithelial  layer.  They  then  enter  the  neural  lobe  and  run 
through  it  in  every  direction.  Following  an  ascending  direction 
they  go  towards  the  organ's  pedicle  and  soon  form  part  of  it; 
they  can  be  followed  up  to  the  level  of  the  tuber  cinereum," 
i.e.,  the  tissues  that  form  the  floor  of  the  third  ventricle. 

«Gent6s:   C.  r.  de  la  Soc.  de  biol.,  T.  Iv,  p.  336,  1903. 
GentSs:   lUd.,  p.  1560. 
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This  affords  a  clear  idea  of  the  connection  between  the  sen- 
sory structure  (or  test-organ)  in  the  partition  between  the  an- 
terior lobe  and  how  the  impulses  it  awakens  pass  up  to  the  third 
ventricle. 

We  thus  have  clearly  defined  paths  from  each  pituitary 
body  to  tissues  of  the  base  of  the  brain:  (1)  the  fibers  from 
the  anterior  or  glandular  lobe  communicating  with  the.  "mass 
of  gray  matter  behind  the  optic  chiasm;"  (3)  one  set  of  fibers 
from  the  posterior  or  neural  lobe  communicating  also  with  this 
mass  of  gray  matter;  and  (3)  the  fibers  from  the  neural  lobe 
derived  from  the  test-organ  which  pass  up  to  the  tuber  cinereum 
forming  the  floor  of  the  third  ventricle. 

The  structures  in  the  base  of  the  brain  with  which  the 
pituitary  is  connected  by  these  nerve  paths  are  themselves  the 
source  of  large  numbers  of  fibers,  a  large  proportion  of  which 
pass  posteriorly  to  the  midbrain,  a  region  which,  as  stated  by 
Edinger,*^  is  "occupied  mostly  with  longitudinal  bundles,  tracts, 
and  fasciculi  to  the  spinal  cord  and  to  the  cerebellum."  This 
applies  especially  to  the  "mass  of  gray  matter  behind  the  optic 
chiasm"  which  receives  fibers  from  both  lobes — an  important 
feature  of  the  third  ventricle  in  all  vertebrates.  Lying  imme- 
diately above  the  infundibulum,  and  therefore  just  above  the 
pituitary  itself,  it  is  termed  by  comparative  anatomists,  the 
"giant-celled  supra-infundibular  nucleus."  In  amphibians,  rep- 
tiles and  birds,  it  extends  on  each  side  of  the  ventricle,  and 
fibers  derived  from  it  (the  supra-infundibular  decussation)  pro- 
ject posteriorly,  i.e.,  towards  the  bulb.  In  mammals,  the  supra- 
infundibular  nucleus  is  likewise  the  starting-point  of  various 
bundles,  e.g.,  Meynert's  commissure,  for  instance,  which  does 
not  degenerate  when  the  cortex  is  removed  but  the  destination 
of  which  is  unknown ;  Gudden's  commissure,  the  fibers  of  which 
pass  to  the  posterior  corpora  quadrigemina ;  the  cerebellum,  etc. 
It  is  also  connected  with  structures  anterior  to  it  by  motor  and 
sensory  fibers  in  Teleostei,  as  shown  by  Van  G-ehuchten  recently. 
It  projects  two  prominent  bundles  which  spread  out  on  the  walls 
and  floor  of  the  third  ventricle,  thus  contributing  to  the  forma- 
tion of  the  "central  gray  matter"  of  the  base  of  the  brain,  a 
region  which  Foster**  characterizes  as  "a  bed  for  the  develop- 

"  Edinger:    "Anat.  of  Central  Nerv.  System,"  Apier.  edition,  p.  124,  1899. 
Foster:    Loc.  cit.,  pp.  635  and  63fi. 
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ment  of  the  nuclei  of  the  cranial  nerves"  and  a  continuation 
of  the  tegmental  region,  which  he  says  "may  perhaps  be  re- 
garded as  a  more  or  less  continuous  column  of  gray  matter, 
comparable  to  the  gray  matter  of  the  spinal  cord,"  and  which 
"serves  as  a  sort  of  backbone  to  the  rest  of  the  central  nervous 
system." 

The  fibers  traced  by  Gentes  from  the  area  of  sensory  cells — 
in  the  anterior  pituitary  which  I  assimilate  to  the  "test  organ" 
of  lower  forms — to  the  posterior  lobe  and  thence  to  the  tuber 
cinereum,  are  likewise  merged  with  fibers  which  are  projected 
to  this  "bed  for  the  development  of  nuclei,"  since  the  tuber 
cinereum  is  necessarily  traversed  by  fibers  which  Andriezen,*" 
using  the  silver  chromate  method  in  foetal  and  newborn  kittens, 
traced  "directly  from  the  posterior  pituitary  to  far  bach  towards 
the  pons,"  which  lies  immediately  above  the  medulla  oblongata 
and  contains  the  nuclei  referred  to.  Whether  originating  from 
the  anterior  or  posterior  pituitary,  therefore,  the  nerves  which 
connect  these  organs  with  the  base  of  the  brain  find  therein  both 
indirect  and  direct  paths  capable  of  transmitting  their  impulses 
to  the  spinal  cord.* 

Still,  as  is  well  known,  the  pons  is  a  bridge  for  the  passage 
of  impulses,  afferent  and  efferent,  which  travel  between  various 
parts  of  the  nervous  system,  including  the  cerebrum.  Motor  im- 
pulses projected  by  the  nerve  paths  from  the  pituitary  should 
not  only  persist  after  removal  of  the  brain  (a  fact  already 
ascertained),  but  if  the  pituitary  body  is  a  motor  center  (as  the 
effects  of  its  removal  indicate),  removal  of  the  structure  above 
the  mesencephalon  (which  contains  the  bed  of  nuclei  and  all 
jjontine  structures)  quite  beyond  the  crura  cerebri  which  carry 
the  impulses  from  the  brain  should,  in  the  higher  mammals 
(in  which  the 'fibers  from  the  pituitary  were  traced),  impair 
motility.  Christiani^"  not  only  found  this  to  be  the  case,  the 
power  of  progression  being  annulled  in  the  experimental  ani- 

*When  I  wrote  the  first  volume,  experimental  stimulation  of  various  parts 
of  the  cervical  sympathetic  by  Cyon  and  others  had  led  me  to  conclude  that 
the  impulses  from  the  pituitary  body  to  the  adrenals  passed  down  this  nerve 
to  reach  the  sympathetic  chain  below,  and  finally,  the  splanchnic.  I  have  found 
since,  however,  that  the  nerves  stimulated  in  the  neck  were  branches  which 
excited  the  thyroid  gland  and  only  indirectly,  therefore,  the  adrenals.  All  the 
efferent  nerves  from  either  lobe  of  the  pituitary  body  thus  pass  to  the  spinal 
cord. 

»»Andriezen:    Brit.  Med.  Jour.,  Jan.  13,  1894. 
Christiani :  Arch.  f.  Physiol.,  S.  465,  1884. 
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mals  (rabbits),  but  a  phenomenon  which  promptly  follows  re- 
moval of  the  pituitary  also  appeared:  tetanic  spasm — due  as 
we  will  see,  to  the  accumulation  of  toxic  wastes  in  the  blood, 
the  result  in  turn  of  impaired  metabolism. 

Another  phenomenon  which  follows  removal  of  the  pitui- 
tary, we  have  seen,  is  hypothermia.  Now,  irritation  of  the 
structures  of  the  third  ventricle  in  the  path  of  the  nerves  from 
the  pituitary  causes  the  opposite  condition,  hyperthermia.  Isaac 
Ott,  who,  in  1884,  began  a  series  of  studies  having  for  their  ob- 
ject to  deteiTnine  the  location  of  heat-centers,  found,  among 
others,  one  located  in  the  anterior  portion  of  the  floor  of  the 
third  ventricle,  and  another  in  the  tuber  cinereum.  The  former 
region  is  precisely  where  all  the  fibers  sent  off  posteriorly  by  the 
large  gray  nucleus  to  which  Cajal  traced  afferent  and  efferent 
fibers  from  the  anterior  pituitary  (a  fact  confirmed  by  Andrie- 
zen  as  to  the  presence  of  connecting  fibers)  originate,  while  the 
tuber  cinereum  contains  those  traced  from  the  posterior  lobe 
thereto  by  Gentes,  and  the  fibers  traced  by  Andriezcn  to  the 
region  of  the  pons.  Ott  and  Harris^^  state  that  Ott's  results 
were  confirmed  by  von  Tangl  in  the  horse,  and  that  the  pro- 
cedure mentioned  causes  a  "great  rise  of  temperature."  These 
observations  were  also  confirmed  by  Sakowitsch,^^  who  found 
that  puncture  of  the  tuber  cinereum  raised  both  the  internal 
and  peripheral  temperatures,  the  latter  reached  43°  C.  (109.4° 
F.)  six  hours  after  the  lesion  was  produced.  Ott  and  Harris 
conclude  that  this  is  not  due  to  division  of  fibers  "coming  from 
the  corpus  striatum,  because  a  puncture  through  the  mouth  of 
the  rabbit  produces  the  same  result,  although  only  the  lower 
surface  of  the  tuber  has  been  punctured  with  a  needle." 

This  thermogenic  function  is  evidently  independent  of  the 
brain.  "Fredericq^*  found,"  sa3^s  Pembrey,^*  "that  removal  of 
the  cerebral  hemispheres  in  pigeons  caused  practically  no  differ- 
ence in  the  daily  curve  of  their  rectal  temperature.  This  ob- 
servation has  been  confirmed  by  Corin  and  Van  Beneden,^^  who 
have,  in  addition,  shown  that  the  pigeons  without  their  cerebral 
hemispheres  produce  the  same  amount  of  carbon  dioxide  and 

"  ott  and  Harris:   Therap.  Gaz.,  June  15,  1903. 

•s^  Sakowitsch :    Neurol.  Centralbl.,  Bd.  xvi,  S.  520,  1S97. 

Bspredericq:    Arch,  de  biol.,  T.  iii.  p.  747,  1882. 

^*Pembrey:    Schafer's  "T.  B.  of  Physiol.,"  vol.  i,  p.  864,  1898. 

tif*  Corin  and  Van  Beneden:   Arch,  de  biol.,  T.  vii,  p.  265,  1889. 


980  THE  PITUITARY  AS  CENTER  OF  VITAL  FUNCTIONS. 

heat  as  do  normal  pigeons.  The  rapid  rise  in  temperature 
which  occurs  when  a  hibernating  marmot  awakens  is  not  pre- 
vented by  removal  of  the  cerebral  hemispheres."  On  the  other 
hand,  while  the  region  punctured  is  clearly  traversed  by  the 
fibers  from  the  pituitary  body,  there  is  no  organ  anterior  to  it 
to  give  rise  to  thermogenic  impulses.  This  affords  additional 
evidence  to  the  effect  that  the  pituitary  body  is  connected  by 
nerve-paths  with  the  spinal  cord. 

This  raises  the  question  as  to  whether  the  areas  punctured 
by  Ott,  von  Tangl,  Sakowitsch  and  others,  can  be  considered 
at  all  as  heat  "centers."  The  fact  that  several  such  "centers" 
have  been  discovered  suggests  that  the  thermogenic  impulses 
evoked  are  merely  due  to  the  irritation,  i.e.,  congestion  of 
areas  containing  thermogenic  nerve-paths.  Schafer^"  writes 
in  this  connection :  "It  is,  however,  very  doubtful  whether 
the  facts  observed  warrant  the  assumption  that  the  parts 
in  question,  which  are  apparently  irritated  by  the  lesion, 
are  specific  centers  to  determine  the  production  of  heat.  For 
when  the  experiments  on  this  subject  are  examined,  it  is  found 
that  the  results  are  closely  dependent  upon  the  establishment 
of  an  irritative  lesion  in  parts  which  are  either  directly  in,  or  in 
close  proximity  to,  the  path  taken  by  motor  impulses."  In  view 
of  the  foregoing  evidence  this  indicates  that  the  pituitary  body 
is  the  general  heat  center.  I  will  adduce  considerable  additional 
evidence  to  this  effect. 

The  fact  that  injuries  or  experimental  lesions  of  the  cortex, 
corpus  striatum  and  crus  cerebri  can  likewise  cause  a  rise  of 
temperature  does  not  militate  against  this  conclusion.  They 
merely  irritate  areas  that  normally  do  not  awaken  thermogenic 
impulses  but  which,  when  artificially  stimulated,  do  so  by  trans- 
mitting violent  motor  stimuli  (quasi  voluntary)  to  portions  of 
the  spinal  system  in  which  the  nerve-paths  of  the  thermogenic 
mechanism  occur. 

To  poise  these  statements,  and  particularly  the  conclusion 
that  the  pituitary  body  is  connected  with  the  spinal  system  by 
nerve-paths  on  a  solid  foundation,  however,  it  is  necessary  to 
show  (1)  that,  irrespective  of  the  brain,  motor  impulses  can  be 
provoked  by  irritating  the  paths  of  the  nerves  from  the  pituitary, 


^  Schater:   Loc.  cit.,  vol.  ii,  p.  717. 
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i.e.,  the  walls  and  floor  of  the  third  ventricle,  (2)  that  the  pitui- 
tary body  itself  can  likewise  evoke  motor  phenomena,  and  (3) 
raise  the  temperature  of  the  body  at  large.  The  first  line  of 
evidence  will  alone  be  considered  in  this  section,  the  two  others 
being  considered  in  succeeding  sections. 

Flourens,  Bechterew,  Weber,  Terrier  and  others  obtained 
muscular  movements  by  exciting  the  walls  of  the  third  ventricle, 
which  contain,  we  have  seen,  fibers  from  the  gray  nucleus  con- 
nected by  nerves  with  the  pituitary.  As  these  might  be  ascribed 
to  the  cortex  through  sensory  impulses  carried  by  the  optic  thal- 
amus, they  will  not  be  taken  into  account.  Magnan,^''  however, 
caused  epileptic  seizures  after  removing  the  hemispheres.  Vul- 
pian^*  was  also  led  to  conclude  by  experiments  that  the  center 
for  epileptic  convulsions  was  located  at  the  base  of  the  brain. 
Ziehen^®  caused  prolonged  tetanic  spasm  in  rabbits  by  irritating 
the  basal  tissues  after  removing  both  hemispheres.  Hering*° 
found  it  impossible  to  inhibit  tonic  spasm  in  20  monkeys  in 
which  the  pyramids  had  been  severed,  thus  disconnecting  what 
is  generally  believed  to  be  the  path  for  voluntary  impulses 
to  the  spinal  cord.  Prus,®^  moreover,  showed  that  after  division 
of  the  pyramids,  the  spasmogenic  impulses  passed  by  way  of  the 
base,  e.g.,  the  tegmentum  and  pons,  and  his  results  were  confirmed 
by  Bischofl:,^^  Hering''^'  and  others.  Finally,  Nino  Samaja®* 
after  an  elaborate  experimental  study  of  the  question  concluded 
that  in  the  higher  mammals  tonic  spasms  were  "exclusively" 
due  to  impulses  derived  from  the  base  of  the  brain.  The  most 
violent  kinds  of  muscular  contractions  are  readily  produced, 
therefore,  irrespective  of  any  brain  action,  by  stimulating  struc- 
tures that  contain  nerve-paths  from  the  pituitary  body.  This 
evidence  shows  also  why  removal  of  the  pituitary  is  followed 
by  such  marked  muscular  weakness  and  relaxation,  and  by  hypo- 
thermia: as  the  general  center  of  all  vegetative  functions  it 
governs  the  heat  mechanism,  i.e.,  general  oxygenation,  and  there- 


^'Magnan:    Arch,  de  physiol.,  T.  v,  No.  5,  p.  115,  1873. 
^Vulpian:    C.  r.  de  I'Acad.  des  sciences,  Apr.  27,  1885. 
s°  Ziehen:    Deut.  med.  Woch.,  Bd.  xiv,  S.  604,  1888. 
«<>Hering:    Wiener  klin.  Woch.,  Nu.  33,  S.  831,  1899. 
«i  Prus:    IMd.,  Bd.  xi,  S.  857,  1898. 
«2Bischo£f:    IMd.,  Nu.  39,  S.  960,  1899. 

Hering:    Loc.  cit. 
"  Nino  Samaja:   Rev.  Med.  de  la  Suisse  Romande,  Mar.  20,  1904. 
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by  the  intrinsic  functions  of  the  muscular  system — as  additional 
testimony  will  demonstrate. 

Pending  this  evidence  the  following  conclusions  are  sub- 
mitted: (1)  the  neural  or  posterior  lobe  of  the  pituitary  body  is 
not,  as  generally  believed,  a  functionless  organ,  but  a  highly 
organized  nerve-center  containing  several  types  of  nerve-cells; 
(2)  both  lobes  are  connected  with  the  overlying  third  ventricle 
by  nerve-paths  which,  through  nerves  from  the  giant-cell  supra- 
infundibular  nucleus  and  in  the  tuber  cinereum,  extend  poster- 
iorly to  the  midbrain — a  continuation  of  the  spinal  gray  matter 
which  contains  the  nuclei  of  the  cranial  nerves;  (3)  the  nerves 
that  connect  the  pituitary  body  with  the  spinal  cord  passing 
posteriorly  in  the  gray  substance  of  the  walls  and  floor  of  the 
third  ventricle,  various  experimental  phenomena  now  ascribed 
to  "centers"  in  these  structures,  are  in  reality  due  to  irritation 
of  these  nerves  and  to  the  artificial  production  of  manifestations 
normally  evoked  by  the  pituitary  body  as  a  general  motor  and 
heat  center. 

THE  NEURAL  LOBE  OF  THE  PITUITARY  AS  THE  SEAT  OF 
THE  SYMPATHETIC  CENTER. 

In  many  invertebrates,  two  ganglia  preside  over  the  entire 
nervous  system,  the  supra-  and  sub-oesophageal.  If  in  the  snail, 
for  example,  as  shown  by  Vulpian"^  the  upper  (cerebral)  gang- 
lion is  removed,  the  animal  lives  several  weeks,  but  it  remains 
absolutely  motionless.  If,  on  the  other  hand,  the  inferior  gang- 
lion is  removed,  the  animal  dies  within  twenty-four  hours. 
Again,  galvanic  excitation  of  the  cerebral  ganglion  produces  no 
appreciable  effect;  similar  excitation  of  the  lower  ganglion,  how- 
ever, provokes  violent  muscular  movements,  and  if  prolonged, 
often  "arrests  the  heart  in  dilatation  and  diastole  as  is  the  case 
when  the  pneumogastric  is  stimulated  in  the  neck  of  verte- 
brates"— in  other  words,  inhibits  it.  Now,  physiologists  teach, 
although  as  stated  by  Langley"®  they  "are  still  far  from  any  real 
knowledge  of  the  processes  involved  in  inhibition,"  that  it  is  a 
physiological  function,  and  that  the  slowing  of  the  heart's 
action  which  attends  stimulation  of  the  vagus  in  the  neck  exem- 


o^Vulpian:   cited  by  Letourneau:    "La  Biologie."  p.  389,  1891. 
""Langley:    Schater's  "T.  B.  of  Physiology,"  vol.  ii,  p.  674,  1900. 
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plifies  the  process.  This  is,  in  my  opinion,  a  baneful  conception ; 
one  indeed  which  has  misled  clinicians  in  their  interpretation 
of  several  heart  disorders  and  their  treatment,  and  which,  as 
I  will  show,  has  perpetuated  our  ignorance  of  the  manner  in 
which  many  of  the  most  violent  poisons  cause  death. 

In  the  first  volume  I  adduced  evidence  showing  that  the 
inhibitory  phenomena  and  cardiac  arrest  caused  by  passing  a 
current  from  the  nose  to  the  bulb  were  due  to  excitation  of  the 
pituitary  body  neural  paths.  In  an  article  published  since  the 
first  volume  appeared*'^  I  emphasized  the  fact  that  inhibition  was 
not  a  physiological  function,  and  that  it  was  due  to  a  morbid 
vasomotor  constriction  of  the  coronary  arteries,  which  slowed 
the  heart  because  it  deprived  it  of  blood. 

That  the  pituitary  body  contains  a  center  capable  of 
influencing  the  entire  vascular  system  is  demonstrable  experi- 
mentally. 

Cyon®*  observed,  in  the  course  of  experiments  on  a  large 
number  of  animals  (carried  on  to  study  the  relations  between 
the  thyroid  and  the  pituitary),  that  any  pressure,  even  the  slight- 
est, upon  the  pituitary  body  at  once  gave  rise  to  a  sudden  varia- 
tion of  the  blood-pressure,  and  to  a  marked  reduction  in  fre- 
quency of  the  heart  beats.  He  then  applied  the  electric  current 
to  the  exposed  pituitary  and  found  that  an  extremely  weak  cur- 
rent produced  the  same  effects  but  to  a  much  more  intense  de- 
gree. Not  only  was  the  increase  of  vascular  tension  general, 
but  the  suddenness  with  which  the  pressure  rose  could  only  be 
caused  by  a  sudden  constriction  of  the  arteries. 

Cyon's  observations  have  been  fully  confirmed  recently  by 
F.  Masay"*  and  amplified  in  such  a  manner  as  to  locate  dis- 
tinctly in  the  pituitary  body  the  origin  of  the  phenomena  wit- 
nessed. His  investigations  showed  that  mechanical  and  elec- 
trical excitation  of  this  organ  caused  a  marked  and  imme- 
diate rise  of  blood-pressure — from  81  mm.  Hg.  to  200  in  one 
instance — and  that  this  effect  was  not  prevented  by  section  of 
both  vagi.  After  splitting  the  soft  palate  longitudinally,  a  deli- 
cate electric  trephine  was  used  to  remove  a  disk  of  bone  imme- 


"Sajous:  N.  Y.  Med.  Jour.,  May  14  and  21,  1904. 
«8Cyon:    Archives  de  physiol.,  vol.  x,  p.  618,  1898. 

"^Masay:  Ann.  de  la  Soc.  roy.  des  sci.  med.  et  nat.  de  Bruxelles,  T.  xii, 
Pasc.  3,  1903. 
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diately  beneath  the  pituitary  body.  Through  this  opening,  two 
needle-like,  perfectly  insulated  electrodes  could  easily  be  intro- 
duced. The  variations  of  blood-pressure — the  kymograph  being 
connected  with  the  carotid — and  pulse-rate  are  clearly  shown 
in  the  tables  reproduced  below.  They  indicate  the  comparative 
effects  of  excitation  of  the  tissues  around  the  opening,  of  the 
pituitary  proper,  and  of  the  same  organ  after  section  of  both 
vagi. 

Exp.  I. — Young  Dog;  Weight,  3.30  Kilog.  Blood-pressure. 

Prior  to  excitation   63  mm.  Hg. 

Excitation  of  neighboring  structures  63 

After    63 

Excitation  of  neighboring  structures  63 

After   63 

Excitation  of  pituitary  body  108 

Immediately  after    63 

60  seconds  after   63 

Exp.  V. — DoG;  Weight,  2.6  Kilog. 

Prior  to  excitation   81  mm.  Hg. 

1st  excitation  of  pituitary  body  144 

Immediately  after   90 

2d  excitation  of  pituitary  body, 

15  seconds.  .200 
30  seconds.  .  190 
2  minutes. .  170 


Immediately  after    90 

Exp.  IX. — Dog;  Weight,  5  Kilog. 
Both  vagi  cut. 

Prior  to  excitation  162  mm.  Hg. 

Excitation  of  pituitary  body, 

first  15  seconds.. 280 
second  15  seconds.. 270 

Immediately  after   225 

1  minute  later  156 

2d  excitation  of  pituitary  body  252 

"  (close) 214 

Immediately  after   144 

1  minute  later  154 


These  striking  effects  speak  for  themselves.  The  blood- 
pressure  was  raised  instantly,  precisely  as  when  the  lower  seg- 
ment of  the  transected  spinal  cord  is  stimulated,  in  accord  with 
Cyon's  observation.  Misled,  however,  by  the  prevailing  view 
that  the  posterior  lobe  is  a  vestigial  organ  and  the  belief  that  the 
anterior  lobe  is  a  secreting  gland,  Masay  attributed  tentatively 
these  effects  to  this  "secretion."  Not  only,  as  I  will  show, 
is  neither  lobe  of  the  pituitary  a  secretory  organ,  but  it  is  evi- 
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dent  that  the  rise  of  pressure  throughout  the  whole  organism 
could  not  have  been  produced  instantaneously  with  the  distribu- 
tion of  such  a  secretion  as  a  preliminary  feature  of  the  process. 
As  we  will  see  presently,  in  fact,  he  produced  similar  effects  by 
stimulating  the  medulla  oblongata,  with  which,  in  the  light  of 
the  facts  submitted  in  the  preceding  section,  the  pituitary  body 
is  connected  by  nerve-paths. 

This  direct  connection  hetween  the  pituitary  body  and  the 
bulbar  centers  accounts — in  the  light  of  my  views — for  an  ob- 
servation made  by  Masay,  viz.,  that  "during  excitation  [of  the 
pituitary]  the  power  of  the  heart  beats  is  diminished,  while 
immediately  after,  it  increases  very  greatly  and  becomes  greater 
than  normal."  We  have  here,  in  my  opinion  as  previously 
stated,  an  example  of  inhibition,  a  morbid  process  due  to  exces- 
sive vasomotor  contraction  of  the  coronaries,  as  shown  by  the 
following  evidence. 

Brown-Sequard  over  fifty  years  ago'"'  observed  that  stimula- 
tion of  the  lower  end  of  the  cut  vagus,  in  the  neck,  caused  con- 
traction of  the  coronaries — a  fact  which  led  him  to  conclude 
that  the  vagus  was  the  vasomotor  nerve  of  the  heart.  In  1895, 
W.  T.  Porter^^  concluded  that  the  vagus  contained  vasoconstric- 
tors, a  current  of  defibrinated  blood  passed  at  a  constant  pressure 
through  the  coronaries  of  an  isolated  heart  being  materially  re- 
duced in  volume  by  excitation  of  this  nerve.  Maas'^^  confirmed 
Porter's  results.  Heymans  and  Demoor''^  then  found  histo- 
logically that  the  muscular  coat  of  the  coronaries  contained  a 
rich  network  of  vasomotor  fibers.  My  own  study  of  the  subject 
showed  that  the  cardio-inhibitory  impulses  transmitted  to  these 
vessels  by  the  vasoconstrictor  fibers  in  the  vagus  were  derived 
from  the  vasomotor  center. 

A  phenomenon,  the  mechanism  of  which  had  never  been 
explained,  i.e.,  cardiac  inhibition,  thus  readily  accounts  for  the 
diminished  cardiac  action  noted  by  Masay  on  stimulating  the 
pituitary  body.  He  produced  an  effect  identical  to  that  obtained 
by  the  brothers  Weber^*  when,  in  1846,  they  passed  a  current 

™  Brown-Sequard:  "Experimental  Researches  Applied  to  Physiology  and 
Pathology."  New  York,  London,  Paris.  1853. 

"  W.  T.  Porter:    Boston  Med.  and  Surg.  Jour.,  Jan.  9,  1895. 

"Maas:    Pfliiger's  Archiv,  Bd.  Ixxiv.  Hft.  7  u.  8,  S.  281,  1899. 
Heymans  and  Demoor:   Memoires  de  I'Acad.  roy.  de  m6d.  de  Belgique, 
T.   xiii,  5me  Fasc,  1895. 

'*  Weber  Brothers:    "Handworterbuch  d.  Physiologie,"  Bd.  ii,  S.  42,  1846. 


986  THE  PITUITARY  AS  CENTER  OF  VITAL  FUNCTIONS. 


from  the  intranasal  surfaces  to  the  spinal  cord,  viz.,  he  inhibited 
its  action  hj  reducing  the  caliber  of  the  coronaries  and  reducing 
the  quantity  of  blood  supplied  to  the  heart-walls. 

The  inhibitory  effect  of  excessive  constriction  of  the  coron- 
aries has  been  demonstrated  by  several  investigators.  Chirac'^ 
found  that  the  beats  of  a  dog's  heart  were  soon  arrested  when  one 
of  the  coronaries  was  tied.  Erichsen^^  observed  a  similar  result 
after  tying  these  vessels.  Leonard  Hill,"  referring  to  the  in- 
vestigations of  Cohnheim  and  Schulthess-Rechberg,'^®  McWil- 
liam,'''  Bettelheim,*"  and  others,  also  states  that  "ligaturing  one 
of  the  largest  branches  only  is  frequently  sufficient  to  cause 
arrest."  Again,  See,  Bochefontaine  and  Roussy*^  observed  that 
substances  capable  of  plugging  the  coronaries — lycopodium 
spores,  for  instance — also  caused  cardiac  arrest.  Porter*^ 
plugged  the  left  coronary  artery  in  nineteen  dogs  and  says  that 
"the  closure  of  the  artery  was  always  promptly  followed  by 
arrest."  As  the  result  of  closure  by  ligation  in  sixty-seven  dogs, 
he  reached  the  deduction  that  "the  frequency  of  arrest  is  in  pro- 
portion to  the  size  of  the  artery  ligated."  As  cardio-inhibitory 
impulses  transmitted  through  the  vasoconstrictors  of  both  vagal 
trunks  probably  influence  all  the  coronary  vessels  simultaneously, 
the  ease  with  which  the  heart's  action  can  be  arrested  by  exciting 
the  bulbar  center  is  easily  accounted  for.  Finally,  Kolster,*^ 
Porter,®*  and  others  have  shown  experimentally  that  the  part 
of  the  heart  supplied  by  an  inf  arcted  coronary  artery  degenerates. 

Yet,  if  the  vasomotor  impulses  inhibit  the  heart  by  causing 
excessive  constriction  of  the  coronaries,  the  effects  on  the  heart 
wall  should  coincide  with  those  resulting  from  deprivation  of 
blood.  Such  is  undoubtedly  the  case :  E.  Weber*^  observed 
that  during  partial  inhibition  the  cardiac  contractions  were 
weakened,  while  Schiff®"  found  that  the  muscular  elements  of 


'^Chirac:    "De  Motu  Cordis,"  p.  121,  1698. 
'"Erichsen:    London  Hospital  Gazette,  vol.  ii,  p.  561,  1842. 
"  Leonard  Hill:    Schafer's  "T.  B.  of  Physiol.,"  vol.  ii,  p.  1,  1900. 
'8  Cohnheim  and  Schulthess-Rechberg:    Virchow's  Archiv.  Bd.   Ixxxv,  Hft. 
3,  S.  503,  1881. 

'"McWilliam:  Jour,  of  Physiol.,  Vol.  viii.,  p.  296,  1887. 
so  Bettelheim:    Zeitsch.  f.  klin.  Med.,  Bd.  xx,  S.  436,  1892. 

^1  See,  Bochefontaine  and  Roussy:  C.  r.  de  I'Acad.  des  sci.,  T.  xcii,  p.  86, 
1881. 

82  Porter:    Jour,  of  Exper.  Med.,  vol.  i,  p.  46,  1896. 

83  Kolster:    Skandinav.  Archiv  f.  Physiol.,  Bd.  iv,  S.  1,  1893. 
Porter:    Pfliiger's  Archiv,  Bd.  iv,  S.  366,  1893. 

85  E.  Weber:   Loc.  cit. 

8»  Schiff:   Archiv  f.  physiol.  Heilk.,  9ter  Jahrgang,  S.  22,  1850-51. 
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the  entire  organ  responded  less  or  not  at  all  to  stimuli.  Fran- 
gois-Frank,  Fischel/^  and  others  observed  that  the  cardiac  walls 
were  softer  than  usual.  Foster****  states  that  when  the  inter- 
rupted current  is  used  to  stimulate  the  vagal  trunk,  the  heart 
remains  in  diastole,  motionless  and  flaccid.  When,  however,  the 
current  is  weak,  the  beats  are  only  slowed  and  weakened.  Coats'*' 
ascertained  manometrically  that  the  contractions  were  markedly 
reduced  in  force.  GaskelP"  and  Stefani®^  found  that  the  ventri- 
cular tonicity  was  reduced.  Muskens"-  also  found  that  stimula- 
tion of  the  vagus  lessened  the  force  of  the  contraction  in  the 
frog. 

GaskelP^  characterizes  as  "most  striking"  the  attending 
depression  of  activity.  Still,  there  is  no  loss  of  inherent  mus- 
cular irritability,  since,  according  to  Foster,"*  a  pin  prick  in  the 
heart  during  inhibition  may  cause  a  beat;  the  morbid  phe- 
nomena are,  therefore,  the  result  of  a  deficient  supply  of  the 
nutrient  components  of  the  blood.  Porter'^  states  that  "but 
little  is  known  as  to  the  constituents  of  the  blood  which  are 
essential  to  the  life  of  the  mammalian  heart,"  and  that  "an 
abundant  supply  of  oxygen  is  certainly  highly  important."  The 
manner  in  which  the  deficiency  of  these  blood  constituents  causes 
the  inhibitory  effects  is  suggested  in  the  following  lines  of  Lang- 
ley's  "The  decrease  of  rigidity  in  the  inhibited  muscular  tis- 
sue shows  that  inhibition  is  not  caused  by  the  development  of  a 
contractile  force,  acting  in  a  direction  opposed  to  the  normal 
one  and  overpowering  it.  We  are  then  brought  to  the  conclusion 
that  certain  nerve  impulses — the  inhibitory  nerve  impulses — are 
able  to  lessen  or  to  stop  the  chemical  change  in  the  tissue  which 
leads  to  contraction." 

It  is  evident,  therefore,  that  even  the  diminution  of  the 
heart-beats  which  Masay  observed  during  excitation  is  likewise 
due  to  vasomotor  constriction. 

Any  doubt  that  may  remain  as  to  the  influence  of  stimula- 

^''Pischel:  Archiv  f.  exp.  Path.  u.  Pharra.,  Bd.  xxxviii,  Hft.  3  u.  4,  S.  228, 
1897. 

88  Foster:    "T.  B.  of  Physiol.,"  sixth  Amer.  edition,  Phila.,  1895. 

8»  Coats:    Bericht  d.  k.  Sachs.  Gesellsch.  d.  Wissensch.,  S.  360,  1869. 

»«Gasken:    Philosoph.  Trans.,  p.  1019.  1882. 

"Stefani;    Archives  ital.  de  biol.,  T.  xxiii,  p.  172,  1895. 

"^Muskens:    Pfliiger's  Archiv,  Bd.  Ixvi,  Hft.  5  u.  6,  S.  328,  1897. 

"SQaskell:    Schiifer's  "T.  B.  of  Physiol.."  vol.  ii,  p.  169,  1900. 

'♦Foster:    "T.  B.  of  Physiol.,"  sixth  Amer.  edition.  1895. 

Porter:    "Amer.  T.  B.  of  Physiol.,"  vol.  i,  second  edition,  p.  148,  1900. 
"OLangley:    Schafer's  "T.  B.  of  Physiol.,"  vol.  li,  p.  674,  1900. 
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tion  of  the  pituitary  body  on  the  vascular  system  is  removed 
by  the  fact  that  all  of  Masay's  experiments  indicate  (1)  that  the 
rise  of  the  blood-pressure  and  pulse  occurred  concurrently  and 
fluctuated  with  the  mechanical  or  electrical  excitations  of  the 
exposed  pituitary,  and  (2)  that  the  recession  of  pressure,  i.e., 
the  resumption  by  the  arteries  of  their  former  caliber,  occurred 
immediately  after  each  excitation  ceased.  The  following  table 
illustrates  forcibly  the  suddenness  of  the  fluctuations  under  the 
influence  of  excitation : 


Exp.  IV. — DoG;  Weight,  3.8  Kilog.  Blood-pressure. 

Prior  to  excitation   81  mm.  Hg. 

Mechanical  excitation  of  pituitary..  98 

Immediately  after    36 

Electrical  excitation  100 

Immediately  after    72 

Electrical  excitation   100 

Immediately  after   72 

Electrical  excitation   100 

Immediately  after    81 


This  sudden  elevation  of  pressure  whenever  the  organ  was 
stimulated  occurred  repeatedly  until  a  clot  prevented  further 
work.  An  additional  feature  of  these  results  is.  that  the  animal 
had  been  given  morphine  and  curare,  so  that  the  rise  in  pressure 
represents  an  excess  over  that  already  caused  by  these  drugs. 
Were  it  not  for  this,  the  difference  between  the  pressure  before 
and  during  excitation  would  have  been  much  greater. 

Still,  if  Masay  actually  inhibited  the  heart  when  he  ob- 
served that  excitation  of  the  pituitary  diminished  cardiac  power, 
and  the  brothers  Weber  produced  the  same  effect  by  passing  a 
current  from  the  nasal  mucous  membrane  posteriorly,  removal 
of  the  pituitary  body  should  prevent  the  phenomena  caused  by 
nasal  excitation.  Cyon®''  found  that  the  inhibitory  slowing  of  the 
heart  obtained  by  stimulating  the  nasal  mucous  membrane  and 
the  reflex  phenomena  caused  by  the  same  procedure  could  no 
longer  be  obtained  immediately  after  extirpation  of  the  pitui- 
tary body.  Even  the  most  active  stimulants,  ammonia,  for 
instance,  applied  directly  to  the  nasal  mucous  membrane,  failed 
to  elicit  the  least  response.  "The  beneficial  influence  of  reflex 
action  on  the  heart  obtained  by  stimulating  the  nasal  mucous 
membrane  in  syncope,"  says  this  physiologist,  "must  react, 

»'Cyon:  Archiv  f.  d.  ges.  Physiol.,  Bd.  Ixxi,  S.  431;  and  Bd.  Ixxii,  S.  635, 
1898. 
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therefore,  indirectly  upon  the  cardiac  nerves  through  the  inter- 
mediary of  the  pituitary  body""* — a  true  statement  when,  in  the 
light  of  my  views,  the  reflex  effect  is  ascribed  to  constriction 
of  the  cardiac  arteries,  which  are  dilated  (their  muscular  layer 
as  well  as  the  skeletal  muscles  being  relaxed)  during  syncope. 

This  beneficial  action  of  reflex  contraction  of  the  coronaries 
exemplifies  clearly  how  the  heart  may  be  inhibited.  In  syncope 
the  dilated  vessels  are  restored  to  their  normal  caliber ;  in  inhibi- 
tion, excitation  decreases  their  caliber  until  the  streams  of  blood 
supplied  to  the  heart  are  totally  inadequate  to  sustain  the  func- 
tional activity  of  the  organ.  Experimental  inhibition,  therefore, 
is  an  artificial  process  and  does  not,  as  physiologists  teach,  exem- 
plify a  normal  function. 

All  this  has  served  further  to  show,  not  only  that  the  coron- 
aries are  supplied  with  vasomotor  nerves,  but  also  that  the  pitui- 
tary body  is  a  vasomotor  center.  Indeed,  the  latter  feature,  and 
the  fact  that,  as  believed  by  Masay,  it  is  not  a  problematical 
secretion  which  causes  the  rise  of  blood-pressure,  are  placed  on 
a  solid  basis  by  the  experimental  demonstration  that  stimulation 
of  the  pituitary  body  and  of  the  bulbar  vasomotor  center  pro- 
duce similar  effects.  This  is  brought  out  in  two  of  Masay's 
tables.  The  conditions  presented  here  are  such  as  to  insure  as 
much  as  possible  correspondence  in  the  strength  of  current  used, 
the  duration  of  stimulation,  etc. 


Exp.  V. — Dog;  Weight,  2.6  Kilog.  Blood-pressure. 

Prior  to  excitation   81  mm.  Hg. 

1st  excit.  of  pituitary  body  144 

2d  " 

first  15  seconds.. 200 
after  30       "     . .  190 

Exp.  II. — DoG;  Weight.  5.5  Kilog. 

Prior  to  excitation   90 

1st  excit.  of  bulb  136 

1st  "  "  "  after  30  seconds..  .154 
2d      "      "     "       "     "       "  ...126 


The  needle-electrodes  were  merely  thrust  into  the  medulla 
oblongata  from  the  front,  instead  of  into  the  pituitary.  The 
recession  of  the  blood-pressure  after  stimulation  was  immediate 
in  both  instances,  thus  showing  that  the  region  stimulated  in 
the  bulb  was  a  vasomotor  center. 


Richet's  "Diction,  de  physiol.,"  vol.  iv,  p.  131,  1900. 
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All  this  evidence  emphasizes  another  fact,  viz.,  that  among 
the  paths  from  the  pituitary  body  to  the  spinal  cord  referred  to 
in  the  preceding  section,  there  are  fibers  that  are  capable  of 
conducting  vasomotor  impulses  at  least  as  potent  in  their  influ- 
ence upon  the  general  vascular  system  as  those  transmitted  along 
the  familiar  paths  of  the  spinal  cord  by  the  bulbar  centers. 
That  the  impulses  derived  from  the  pituitary  reach  the  peri- 
pheral vessels  by  way  of  the  bulb  and  its  spinal  vasomotor  path- 
way's is  self-evident,  since  there  is  no  ground  for  the  assumption 
that  the  pituitary  body  has  an  autonomous  set  of  fibers  for  this 
purpose. 

The  presence  of  such  an  autonomous  set  of  vasomotor 
fibers  between  the  posterior  pituitary  and  the  bulbar  vasomotor 
center,  however,  recalls  vividly  the  relationship  of  the  spinal 
cord  below  the  bulb  with  the  great  sympathetic,  and  suggests 
an  important  question:  may  the  vasomotor  impulses  not  be 
sympathetic  as  to  their  distribution  ?  Excitation  of  the  bulbar 
vasomotor  center  causes,  as  stated  by  Winfield  S.  Hall,  "gen- 
eral contraction  of  all  the  arteries,"  while  paralysis  of  this  cen- 
ter "causes  general  dilatation."  Sympathetic  vasomotor  action, 
on  the  other  hand,  is  a  restricted  one;  thus,  Howell,  after 
showing  the  influence  of  stimulation  and  section  of  sympathetic 
paths,  writes :  "From  these  and  numerous  similar  experiments, 
we  may  conclude  that  normally  the  arteries — that  is,  the  arter- 
ioles— are  kept  in  a  condition  of  tone  by  impulses  received 
through  the  vasoconstrictor  fibers," — evidently  sympathetic  con- 
strictors. Now,  the  manner  in  which  Masay's  results  could 
have  been  awakened  through  sympathetic  fibers  from  the  pos- 
terior lobe  to  the  bulbar  vasomotor  center,  and  thence  down 
the  cord  to  the  origin  of  the  sympathetic  nerves,  the  ultimate 
nerve-path  to  the  tissues,  is  suggested  by  another  quotation 
from  Howell's  work:  "When  vasoconstrictor  fibers  are  stim- 
ulated, there  is  a  rise  of  pressure  in  the  artery  supplying  the 
organ  and  a  fall  of  pressure  in  the  veins  emerging  from  the 
organ.  This  result  is  what  we  should  expect  if  the  constric- 
tion takes  place  in  the  region  of  the  arterioles."  As  these 
terminal  vessels  are  governed  by  sympathetic  fibers,  stimulation 
of  the  pituitary  must  either  have  raised  the  pressure  by  con- 
stricting the  arterioles  through  these  fibers,  or  by  stimulating 
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the  bulbar  vasomotor  center,  thus  causing  constriction  of  all 
arteries.    Which  of  the  two  processes  is  the  true  one  ? 

Experimental  evidence  shows  clearly  that  it  cannot  have 
been  merely  because  the  impulses  excited  the  vasomotor  cen- 
ter. As  is  well  known,  Ludwig  and  Owsjannikow,  who  estab- 
lished the  limits  of  the  latter,  found  that  when  the  midbrain 
above  the  bulb  was  cut  through,  the  blood-pressure  was  not 
materially  influenced,  and  that  it  was  only  when  the  bulb  was 
cut  across  or  below  the  now  recognized  location  of  the  center 
that  paralysis  of  the  vessels  was  complete.  It  is  evident,  there- 
fore, that  the  vasomotor  center  is  not  located  above  the  bulb. 

Such  is  not  the  case,  however,  with  what  I  will  hereafter 
designate  as  the  "sympathetic  center." 

In  the  twentieth  chapter  I  will  submit  evidence  to  the 
effect  that  antipyrin  and  other  coal-tar  products  and  drugs  pro- 
duce their  antipyretic  and  analgesic  cfliects  precisely  by  causing 
constriction  of  the  arterioles  supplied  with  the  sympathetic 
vasoconstrictors  to  which  Howell  refers.  Now,  Sawadowski®*' 
found  that  when  the  tissues  of  the  base  of  the  brain  were  cut 
through,  "the  cut  being  made  through  the  thalami  optici  or 
the  corpora  striata,"  antipyrin  and  other  antipyretics  were  no 
longer  active.  The  section  being  far  above  the  bulb,  though 
immediately  below  the  pituitary  body,  the  fibers  severed  were 
those  which  transmitted  Masay's  blood-pressure  raising  im- 
pulses. The  fact  that  these  sympathetic  vasoconstrictor  fibers 
influence  only  the  arterioles,  the  smallest  arteries,  explains  also 
why  Ludwig  and  Owsjannikow  did  not  affect  the  vascular  ten- 
sion markedly  by  dividing  the  same  nerves. 

Again,  the  basal  structures  severed  by  SawadoM-ski — at 
least  the  walls  of  the  third  ventricle  to  which  Cajal,  Van 
Gehuchten  and  others  have  traced  nerve-fibers  from  the  pitui- 
tary— give  passage  to  typical  sympathetic  fibers.  Referring  to 
this  region,  Edinger***"  says:  "The  inner  side  of  the  thalamus 
is  separated  from  the  ventricle  by  a  uniform  layer  of  gray  mat- 
ter. This  is  called  the  central  gray  matter  of  the  middle 
(third)  ventricle,  and  consists  of  a  tissue  rich  in  cells,  and  tra- 
versed in  all  directions  by  numerous  fine,  medullated  nerve- 

Sawadowsld:    Centralbl.  f.  d.  med.  Wissen.,  Jahrgang  xxvi,  pp.  145,  161, 

1888. 

"8'' Edinger:  "Anat.  of  Central  Nerv.  System,"  American  edition,  p.  260,  1899. 
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fibers."  Now,  the  identity  of  such  fibers  is  well  known.  "A 
striking  feature  of  the  sympathetic  system,"  says  Langley,*^" 
"is  the  predominance  of  small  medullated  fibers  in  it.  This 
was  pointed  out  by  Bidder  and  Volkmann  in  1843.  The  great 
majority  of  its  medullated  fibers  vary  from  2/x  to  3.5/*  in  diam- 
eter Very  large  medullated  fibers,  15  to  20/u,,  which 

are  common  in  the  roots  of  the  spinal  nerves,  do  not  occur  in 
the  sympathetic  system."  Kolliker^*'*  also  teaches  that  "the 
neuraxes  of  sympathetic  neurons  become  invested  in  many 
cases  with  a  thin  medullary  sheath,  thus  forming  very  fine 
medullated  fibers,  which,  on  account  of  their  small  size,  can  be 
differentiated  from  the  smallest  cerebro-spinal  fibers." 

Cyon  and  Masay,  in  the  light  of  this  evidence,  therefore, 
stimulated  the  sympathetic  center,  the  marked  elevation  of 
blood-pressure  provoked  (and  which  receded  instantly  when  the 
excitation  ceased)  being  due  to  constriction  of  all  the  arterioles 
and  the  resulting  accumulation  and  pressure  behind  the  vas- 
cular obstruction. 

This  obviously  liberates  the  bulbar  vasomotor  center  of 
the  functions  ascribed  to  the  sympathetic  system,  and  endows 
the  latter  with  autonomous  functions.  That  such  is  the  case 
is  sustained  not  only  by  the  foregoing  evidence,  but  also  by  the 
anomalous  role  which  the  bulbar  vasomotor  center  is  infer- 
entially  made  to  play  according  to  prevailing  teachings  (in  view 
of  the  fact  that  experimental  work  on  the  sympathetic  is  used 
to  exemplify  vasomotor  action,  constriction  and  dilation)  not 
only  as  the  regulator  of  vascular  tonus,  but  also,  through  its 
connection  with  the  sympathetic,  of  functions  of  different 
kinds,  secretory,  motor  (peristalsis)  and  inhibitory.  Although, 
as  will  be  shown  in  the  twentieth  chapter,  the  latter  are,  in 
reality,  nothing  but  what  might  be  termed  "experimental" 
pseudo-functions,  the  fact  remains  that  as  stated  by  Hall  in 
reference  to  the  sympathetic  system:  "The  importance  of  this 
system  in  the  control  of  the  vital  functions  of  the  body  can 
hardly  be  overestimated."  That  it  should  be  provided  with  its 
own  center — though  closely  related  with  bulbar  vasomotor  cen- 
ter through  its  fibers  thereto,  which,  as  we  have  seen,  are  of 
the  special  sympathetic  type — is,  therefore,  only  logical. 

"S'Langley:    Schafer's  "T.  B.  of  Physiol,,"  vol.  ii,  p.  648,  1900. 
08*K611iker:    Cited  by  Huber:   Jour,  of  Compar.  Anat.,  Sept.,  1897, 
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This  involves  the  conclusion  that  the  large  vessels,  as  well 
as  the  arterioles,  are  supplied  with  vasomotor  nerves,  the  latter 
being  governed  by  the  bulbar  vasomotor  center.  This  is  in 
accord  with  the  more  recent  teachings  of  histology.  Joris,®*" 
in  a  comprehensive  review  of  the  subject,  and  after  consider- 
able histological  work,  using  the  Golgi  and  Ehrlich  methods, 
concludes  with  the  remarks:  "A  fact  which  we  must  consider 
as  established  is  that  all  arteries  and  all  veins  are  provided  with 
intrinsic  nerves.  Their  existence  in  the  nerve-centers  is  not 
as  yet  established,  notwithstanding  the  researches  of  Ober- 
steiner,  Morisson  and  Huber.  But  these  negative  results  de- 
pend certainly  upon  the  technical  difficulties."  To  emphasize 
his  statements.  Professor  Joris  adds:    "I  said  intentionally  all 

the  arteries  and  all  the  veins"  "blood-vessels  are 

supplied  with  nerves,  because  their  walls  contain  muscle-fibers." 
This  can  also  be  said  of  veins,  among  which  he  enumerates, 
besides  the  smaller  veins,  the  "venae  cavaa,  jugulars,  iliacs,  etc." 

As  to  the  distribution  of  these  nerves  and  their  function, 
Joris  writes:  "All  the  nervous  branches  which  surround  and 
accompany  the  blood-vessels  do  not  ramify  in  the  thickness  of 
their  walls.  Many  of  them  follow  only  momentarily  the  path 
of  the  vessels  and  terminate  in  other  organs.  These  are  the 
satellite  nerves.    The  true  vascular  nerves  are  quite  distinct 

from  the  satellite  nerves."  "These  [true  vascular] 

nerves  form,  by  their  anastomoses,  a  perivascular  plexus. 
Finer  branches,  differing  structurally  and  having  different  func- 
tions, emanate  from  this  plexus.  Some  are  destined  for  the 
smooth  fibers  of  the  tunica  media  {motor  fibers) ;  the  others  are 
sensory  {sensitive  fibers)."  All  these  nerves  are  evidently  vaso- 
motor, since  they  "end  absolutely  in  the  thickness  of  the  vas- 
cular walls.    Their  anastomoses  are  mutual  and  never  with 

neighboring  nerves,  muscular,  glandular,  etc."  "The 

perivascular  plexus  is  clearly  isolated;  the  aggregate  of  fibers 
which  compose  it  form  an  independent  exclusively  vascular 
apparatus."  As  to  the  sensitive  fibers,  "they  sink  into  the 
depth  of  the  tunica  adventitia  as  do  the  motor  fibers,  but  do 
not  anastomose  with  them." 


08"  Joris:   Bull,  de  I'Acad.  roy.  de  med.  de  Belgique,  iv  sSrie,  T.  xx,  p.  502, 

1906. 
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If,  as  I  hold,  the  larger  vessels  are  governed  by  the  vaso- 
motor (bulbar)  center,  while  the  arterioles  are  controlled  by 
the  sympathetic  (posterior  pituitary)  center,  the  nerves  sup- 
plied to  the  latter  vessels  should  be  those  of  the  sympathetic 
type,  i.e.,  the  fibers  of  Kemak,  the  small,  supposedly  "non- 
medullated"  fibers  referred  to  a  few  pages  back:  "Vascular 
nerves  are  formed  of  nonmedullated  and  medullated  fibers," 
writes  Joris;  "the  latter  are  numerous  on  the  surface  of  the 
vessels,  the  caliber  of  which  exceeds  80  microns.  They  become 
gradually  more  scarce,  and  disappear  completely  along  the  more 
delicate  vessels.  None  but  nonmedullated  fibers  remain  when 
the  caliber  of  the  vessel  is  approximately  50  microns."  This 
diminutive  size  is  quite  compatible  with  the  anatomical  rela- 
tionship of  the  arterioles  as  I  interpret  this  term,  viz.,  the  more 
or  less  elongated  terminals  of  all  arteries — which  open  directly 
into  the  capillaries,  including  the  so-called  "precapillary  vessels. 

The  location  of  the  neural  lobe  of  the  pituitary  at  the  head 
of  the  spinal  structures  that  project  into  the  base  of  the  brain; 
its  identity  as  a  highly  differentiated  structure;  and  the  fact 
that  in  a  large  group  of  animals,  either  as  the  "sub-oesophageal 
ganglion"  of  various  invertebrates,  or  as  the  "central  ganglion" 
of  the  lower  chordata,  it  is  the  general  center  of  the  nervous 
system,  and  the  experimental  evidence  submitted  clearly  points 
to  this  organ  as  the  seat  of  a  center,  such  as  the  sympathetic 
center,  which,  as  I  will  show,  takes  part  in  a  function  which  far 
exceeds  in  importance  that  of  preserving  the  vascular  tonus — 
the  only  role  fulfilled  by  the  bulbar  vasomotor  center. 

Summarized,  all  this  evidence  seems  to  me  to  have  shown: 
(1)  that  the  neural  or  posterior  lohe  of  the  pituitary  body  contains 
a  center  which  governs  the  great  sympathetic  system,  including  its 
vasoconstrictor  nerves  to  the  arterioles;  (2)  that  this  center  is  con- 
nected hy  nerve-paths  with  the  medulla  oblongata  and  spinal  cord 
through  which  it  transmits  its  impulses;  (3)  that  the  bulbar  vaso- 
motor center  does  not  maintain  the  tonus  of  the  arterioles,  as  now 
taught,  but  solely  that  of  the  veins  and  larger  arteries;  (4)  that  the 
center  in  the  posterior  or  neural  lobe  of  the  pituitary  which  governs 
the  caliber  of  the  arterioles,  should  be  termed  the  "sympathetic 
center." 
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THE  NEURAL  LOBE  OF  THE  PITUITARY  AS  THE  SEAT  OP 
COMMON  SENSIBILITY  AND  AS  THE  GENERAL 
MOTOR  CENTER. 

The  pituitary  body  remained  whole,  of  course,  in  the  decere- 
brated animals  referred  to  in  a  foregoing  section,  and  the 
paths  to  the  spinal  cord  likewise.  Foster,""  referring  to  such 
animals,  states  that  they  "may  be  kept  alive  and  in  good  health 
for  a  long  time,"  and  they  exhibit  "a  spontaneity  obviously  be- 
tokening the  possession,  not  merely  of  a  conscioi-s  volition,  but 
of  a  certain  amount  of  intelligence."  Now,  there  is  no  struc- 
ture in  the  base  of  the  brain  that  is  endowed  with  such  an  attri- 
bute. The  optic  thalami  and  corpora  striati  are  the  only  organs 
to  which  such  an  important  role  might  hypothetically  be  as- 
cribed; but  we  have  seen  that  in  Goltz's  dog,  destruction  of 
these  organs  did  not  prevent  its  remaining  "alive  and  in  good 
health  for  a  long  time,"  and  that  all  its  functions  were  per- 
formed normally.  The  posterior  pituitary  alone  is  capable  of 
playing  such  a  role:  not  only  does  it  contain  highly  differ- 
entiated nervous  elements,  various  types  of  highly  organized 
nerve-cells,  but  even  its  outer  layer  was  found  by  Luschka,"^ 
Miiller,^"^  who  studied  the  pituitary  from  myxine  to  man,  and 
others,  to  be  composed  of  gray  substance  recalling  that  of  the 
cerebral  cortex. 

The  neural  lobe  thus  presents  structural  features  which 
indicate  that  it  is  fully  able  to  carry  on  functions  of  the  highest 
order,  and  in  which  co-ordination  is  blended  with  enough  con- 
scious volition  to  account  for  the  manifestations  of  intelligence 
to  which  Foster  refers.  As  we  will  now  see,  it  can  not  only 
generate  motor  impulses,  but  also  receive  sensory  impulses  and 
impressions — the  products  of  sensual  perceptions — of  various 
kinds,  and  co-ordinate  a  group  of  motor  impulses  adapted  to  the 
needs  of  the  moment — not  mere  manifestations  of  reflex  action, 
but  complex  combinations.  Even  this  represents  but  a  refine- 
ment of  functions  which  the  neural  lobe  alone  governs  in  the 
primitive  chordata.  Thus  Loeb^**^  states  that  Ferrier  "men- 
tions the  one  ganglion  of  the  Ascidians  as  illustrative  of  the 

Foster:   Lor.  cit,  p.  643. 
"0  Lusohka:    "Der  Hirnanhang  und  die  Steidriise  des  Menschens,"  1860. 
"1  Miiller:   Jenaische  Zeit.  f.  Naturw.  Bd.  vii,  S.  327,  1873. 
"^Loeb:   Loc.  cit. 
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gaBglion  reflexes,"  i.e.,  of  a  structure  capable  of  receiving  sen- 
sory impulses  and  sending  forth  motor  stimuli. 

The  identity  of  the  pituitary  body  as  a  sensory  center  is 
emphasized  first  of  all  by  the  fact  that  lesions  of  the  cortex  do 
not  influence  general  sensibility. 

"Innumerable  cases  have  been  reported  of  lesions  of  the 
motor  cortex,"  writes  C.  K.  Mills,''*'^  "without  the  slightest  im- 
pairment of  sensibility.  In  several  cases  of  excision  of  the 
human  cortex  in  the  Eolandic  region  by  surgical  operations, 
careful  studies  of  the  patients  by  the  writer  and  others  failed 
to  show  any  impairment  of  sensation."  As  we  all  know,  a  large 
number  of  cases  of  extensive  injury  of  the  cerebrum  fully  sus- 
tain this  assertion  by  the  absence  of  sensory  phenomena.  Again, 
Charcot  and  Pitres"*  state  that  "the  paralyses  of  cortical  origin 
are  accompanied  sometimes  with  disorders  of  cutaneous  or  mus- 
cular sensibility,  but  these  sensory  disorders,  which  are  eventu- 
ally associated  with  motor  paralyses,  do  not  show  a  direct  or 
necessary  connection  with  lesions  of  the  motor  zone."  We  have 
seen  also,  that  the  pigeon  deprived  of  its  hemispheres  can  feel 
and  shake  off  a  fly  that  chances  to  alight  on  the  feathers  of  its 
head;  that  Goltz's  dog,  similarly  mutilated,  reacted  promptly 
to  tactile  sensation,  limped  when  hurt,  promptly  raised  its  feet 
when  these  were  placed  in  cold  water,  etc.  On  the  other  hand, 
Schafer^""  concludes  a  comprehensive  review  of  the  question 
with  the  remark :  "This  no  doubt  lands  us  in  the  unsatisfactory 
position  that  we  are  unable  certainly  to  say  in  what  part  we  are 
to  localize  cutaneous  sensibility,  or  even  if  it  is  localized  at  all 
in  the  cortex." 

This  obviously  suggests  that  the  posterior  pituitary,  i.e., 
the  neural  lobe,  might  in  the  light  of  my  views,  fulfill  this  func- 
tion. Yet,  a  decapitated  frog,  i.e.,  one  deprived  of  its  basal 
ganglia  and  part  of  the  central  gray  matter,  and,  therefore,  of 
the  pituitary  body,  will  raise  one  of  its  limbs  and  adjust  it  to 
a  spot  upon  which  some  irritant  has  been  placed  in  order  to  rub 
it.    We  must  not  lose  sight  of  the  fact,  however,  that  all  pro- 

C.  K.  Mills:    "The  Nervous  System  and  its  Diseases,"  Phila.,  1898. 
Charcot  and  Pitres:    "Les  centres  moteurs  corticaux  chez  rhomme," 
Paris,  1895. 

Schafer:    "T.  B.  of  Physiol.,"  vol.  ii,  p.  728.  1900. 
Schafer:   IMd.,  vol.  ii,  p.  768. 
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toplasm  is  endowed  with  reflex  attributes  and  that  nerve  im- 
pulses only  muliiply  their  inherent  properties.  We  have  in  this 
auto-protective  motion  of  the  decapitated  frog,  therefore,  but  an 
expression  of  its  latent  capabilities.  As  stated  by  Foster,^"'' 
"the  phenomena  presented  by  a  frog  possessing  the  middle  por- 
tions of  the  brain  differ  widely  from  those  presented  by  a  frog 
possessing  a  spinal  cord  only.  We  may,  perhaps,  broadly  describe 
the  behavior  of  a  frog  from  whom  the  cerebral  hemispheres  only 
have  been  removed  by  saying  that  such  an  animal,  though  ex- 
hibiting no  spontaneous  movements,  can,  by  the  application  of 
appropriate  stimuli,  be  induced  to  perform  all,  or  nearly  all,  the 
movements  which  an  entire  frog  is  capable  of  executing."  Of 
the  frog  possessed  of  its  spinal  cord  only,  he  says :  "When  placed 
on  its  back  it  makes  no  attempt  to  regain  its  normal  posture ; 
in  fact,  it  may  be  said  to  have  completely  lost  its  normal  posture, 
for  when  placed  on  its  belly  it  does  not  stand  with  its  fore  feet 
erect,  as  does  the  other  animal,  but  lies  flat  on  the  ground. 
When  thrown  into  water,  instead  of  swimming  it  sinks  like  a 
lump  of  lead.  When  pinched  or  otherwise  stimulated  it  does 
not  crawl  or  leap  forward;  it  simply  throws  out  its  limbs  in 
various  ways.  When  its  flanks  are  stroked  it  does  not  croak; 
and  when  a  board  on  which  it  is  placed  is  inclined  sufficiently 
to  displace  its  center  of  gravity  it  makes  no  effort  to  regain  its 
balance,  but  falls  off  the  board  like  a  lifeless  mass.  Though,  as 
we  have  seen,  the  various  parts  of  the  spinal  cord  of  the  frog 
contain  a  large  amount  of  co-ordinating  machinery,  so  that  the 
brainless  frog  may,  by  appropriate  stimuli,  be  made  to  execute 
various  purposeful  co-ordinate  movements,  yet  these  are  very 
limited  compared  with  those  which  can  be  similarly  carried 
out  by  a  frog  possessing  the  middle  and  lower  parts  of  the  brain 
in  addition  to  the  spinal  cord."  The  author  also  states  that 
"the  phenomena  presented  by  animals  deprived  of  their  cerebral 
hemispheres  show  that  this  machinery  of  co-ordination  is  sup- 
plied by  cerebral  structures  lying  between  the  cerebral  hemi- 
sphere above  and  the  top  of  the  spinal  cord  below,"  and  subse- 
quently refers  to  the  "foundation  of  the  machinery  in  question" 
as  "the  tegmental  region  from  the  hulb  upward."  The  teg- 
mental region,  that  through  which  ascends  the  fillet,  is  likewise 

Poster:   Loc.  cit.,  p.  637. 
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referred  to  by  Foster^"*  as  a  "probable  path  of  sensations  of 
one  kind  or  another  from  the  body  at  large." 

The  neural  lobe  may  well  be,  therefore,  the  organ  in  which, 
repeating  Schafer's  words,  we  can  "localize  cutaneous  sensibil- 
ity" and  in  fact  sensory  impulses  received  from  mucous  mem- 
branes, muscles,  etc.,  since  in  Goltz's  dog  all  functions,  digestion, 
salivation,  urination,  etc.,  which  involve  reflex  actions,  were  per- 
formed normally.  As  stated  in  the  preceding  section,  moreover, 
this  lobe  is  the  only  organ  "lying  between  the  cerebral  hemi- 
sphere above  and  the  top  of  the  spinal  cord  below,"  as  Foster 
says,  that  is  capable  structurally  of  carrying  on  the  functions 
of  a  center.  Finally,  that  it  is  actually  the  seat  of  sensibility  is 
clearly  suggested  by  the  presence  of  various  disorders  of  sensa- 
tion when  the  pituitary  body  is  diseased. 

In  acromegaly,  for  example,  very  severe  headache  of  a  neu- 
ralgic type  is  commonly  observed.  It  is  usually  limited  to  the 
head  but  may  extend  over  the  entire  body,  as  in  a  case  reported 
by  Hymanson,^"®  or  be  localized,  as  in  that  observed  by  Pirie, 
who  specifies  "the  face,  chest,  back  and  loins."  The  facial 
neuralgia  is  essentially  within  the  domain  of  the  fifth  pair  as 
emphasized  by  Gubler.""  Eosenhaupt^^^  found  that  when  this 
characteristic  pain  was  present,  the  skin  of  the  face  was  hyper- 
sensitive. Breton  and  Michaut^^^  noted  that  pressure  on  the 
points  of  exit  of  the  fifth  caused  intense  pain,  with  typical  signs 
of  acromegaly.  In  one  of  M.  Allen  Starr's  cases^^*  the  pain  was 
agonizing  and  was  constant  over  the  forehead  and  back  of  the 
eyes.  In  another  instance,  recorded  by  0.  T.  Osborne/^*  the  pain 
is  stated  by  him  to  have  been  "directly  over  the  pituitary  body" 
while  the  autopsy  "revealed  a  plate  of  bone  making  pressure  at 
this  very  point." 

Disorders  of  sensibility  of  other  kinds  may  likewise  occur. 
Parsesthesia  of  the  lower  extremities  and  back  was  observed  by 
Pearce  Bailey"^  in  a  case  of  tumor  of  the  pituitary,  in  which 
this  organ  was  found,  after  death,  to  have  been  the  seat  of  an 


"8  Foster:  Loc.  cit.,  p.  716. 

Hymanson:   Med.  Record,  July  1,  1899. 

Gubler:   Correspondenzblatt  f.  d.  Schweizer  Aerzte,  Dec.  15,  1900. 
"1  Rosenhaupt:    Berl.  klin.  Woch.,  Sept.  28,  S.  893,  1903. 
"2  Breton  and  Michaut:    Gaz.  des  HSpitaux,  Dec.  13,  1900. 
1"  M.  Allen  Starr:    Med.  Record,  Feb.  3,  1900. 

O.  T.  Osborne:  lUd.,  Mar.  4,  1899. 
lis  Pearce  Bailey:    lUd.,  Apr.  16,  1898. 
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extensive  haemorrhage.  In  his  case  of  acromegaly,  Pirie  noted 
"shooting  pains  in  combination  with  paraesthesia,  tingling  and 
numbness"  of  the  arms  and  legs,  and  "a  remarkable  perversion 
of  thermic  sensibility"  in  the  lower  limbs,  front  of  the  abdomen 
and  chest  to  about  the  level  of  the  fourth  rib,  the  patient  having 
"no  sensation  of  heat  in  these  regions,"  and  he  refers  to  Stern- 
berg as  remarking  "particularly  on  the  occurrence  of  pain  and 
paraisthesia  as  valuable  signs  for  diagnosis  in  the  early  stages  of 
the  disease."   Many  similar  instances  could  be  quoted. 

This  is  strikingly  controlled  by  the  fact  that  removal  of  the 
pituitary  abolishes  sensation  even  of  the  most  sensitive  nerve  of 
the  body,  the  fifth  pair.  Thus  Cyon  not  only  observed  in  the 
course  of  his  investigations  in  a  very  large  number  of  animals 
(though  working  in  different  lines)  that  removal  of  the  pitui- 
tary annulled  nasal  sensory  phenomena,  sneezing,  etc.,  but  he 
also  specifies""  that  all  the  nerves,  including  the  fifth  and  glosso- 
pharyngeus,  "lost  their  reflex  influence  after  the  pituitary  body 
had  been  removed."  The  inference  is  obvious  in  view  of  the 
fact  that  section  of  the  fifth  deprives  the  nasal  surfaces  of  sen- 
sibility. Whether  severed  between  the  nasal  surfaces  and  the 
bulb,  or  between  the  latter  and  the  pituitary  body  or  destroyed 
along  with  the  latter  amounts  to  the  same  thing :  we  are  brought 
to  the  inevitable  conclusion  that  the  fifth  is  also  under  the 
domain  of  the  pituitary  body — a  fact  which  in  turn  explains 
why  lesions  of  this  organ  can  provoke  sensory  phenomena 
throughout  the  entire  organism,  for  the  fifth  is  but  a  portion 
of  the  great  system  of  common  sensation. 

All  these  phenomena  belong,  however,  to  the  domain  of 
common  sensibility.  Do  other  special  senses  show  evidence  of 
being  related  in  any  way  with  the  pituitary  body  ? 

Smell  is  sometimes  impaired  and  even  lost  in  acromegaly, 
as  shown  by  cases  reported  by  Jofl'roy/^^  Leszynsky,^^*  Kox- 
burgh  and  Collis,"*"  and  others.  A  study  of  the  question — the 
details  of  which  T  will  not  inflict  upon  the  reader — showed  that 
the  sense  of  olfaction  per  se  could  be  influenced  indirectly,  the 
morbid  effects  being  due  to  ischgemia  and  impaired  nutrition  of 

"«Cyon:   Richert's  "Diction,  de  physiol.,"  vol.  iv,  p.  131,  1900. 

"'■Joffroy:    Le  progr&s  medical,  Feb.  26.  p.  129,  1898. 
"^Leszynsky:    Med.  Record,  Mar.  4,  1899. 

""Roxburgh  and  CoUis:   Brit.  Med.  Jour.,  July  11,  1896. 
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the  olfactory  area  through  involvement  of  the  sympathetic  cen- 
ter in  the  neural  lobe.  Another  source  of  disorder  in  the  nasal 
cavities  is  brought  about  through  the  sensory  fibers  of  the 
mucous  membrane.  As  stated  by  Haycraft/^**  "the  fifth  is  the 
nerve  of  common  sensibility  to  the  nose,  and  in  the  case  of  dis- 
ease or  section  of  this  nerve,  irritants  such  as  pepper,  chlorine, 
and  ammonia,  produce  no  irritating  effect."  This  statement  is 
suggestive  in  view  of  the  fact  that  removal  of  the  pituitary  body 
by  Cyon  produced,  we  have  seen,  identically  the  same  effect. 

While  there  is  no  ground  for  the  conclusion  that  the  pitui- 
tary body  receives  odoriferous  impressions  as  far  as  available 
evidence  is  concerned,  therefore,  the  common  sensibility  im- 
pressions are  clearly  referable  to  this  organ. 

Visio7i  is  impaired  in  a  large  proportion  of  cases  of  acrome- 
galy— 91  times  in  174  cases  according  to  HerteP^^ — and  blind- 
ness is  a  frequent  result.  Optic  nerve  disorders  are,  at  least  in 
part,  ascribable  to  pressure  of  the  enlarged  organ  on  the  optic 
chiasm.  Bi-temporal  or  one-sided  temporal  hemianopsia  for  form 
and  color  is  also  observed.  The  symptoms  may  appear  early  and 
follow  a  progressive  course;  conversely,  the  disease  may  have 
existed  many  years  before  visual  disturbance  appears.  As  shown 
by  the  statistics  of  Hertel,  they  may  not  appear  at  all,  though 
the  typical  symptoms  of  acromegaly  be  present.  In  such  a  case, 
reported  by  Ferree  Witmer^^^  for  instance,  the  eyes  were  exam- 
ined by  W.  Campbell  Posey.  "As  a  result  of  the  ophthalmo- 
logical  examination,"  says  the  latter,  "it  is  evident  that  there 
is  no  pressure  anywhere  on  the  optic  tract."  Interesting  in  this 
connection,  is  the  fact  that  among  the  symptoms  recorded  in  this 
ease  was  a  "marked  reduction  of  the  common  sensibility"  and 
that  "the  sensibility  of  the  fauces  was  also  considerably  dimin- 
ished." In  another  case  of  acromegaly  observed  by  Packard 
and  Cattell,  reported  by  Spiller,^^^  "the  visible  fields  for  form 
and  color  were  normal;  the  pupils  responded  freely  to  light  in 
accommodation  and  in  convergence"  and  yet  common  sensibil- 
ity was  markedly  reduced.  Thus  tests  to  determine  the  rate  of 
sense  perception  showed  "a  retardation  of  reaction  time  to  forty 

i2»Haycraft:    Schater's  "T.  B.  of  Physiol.,"  vol.  11,  p.  1247,  1900. 

121  Hertel:    Archives  f.  Ophthal.,  Bd.  xli,  Abt.  i,  S.  187,  1895. 

122  perree  Witmer:    Intern.  Med.  Mag.,  Jan.,  1898. 

^  SplUer:   Jour  of  Nerv.  and  Mental  Dis.,  Jan.,  1898. 


THE  POST.  PITUITARY  AS  SENSORY  AND  MOTOR  CENTER.  1001 


per  cent,  below  the  normal."  At  the  autopsy  a  round-celled 
sarcoma  about  the  size  of  an  English  walnut  was  found  in  the 
pituitary  body  which  pressed  upon  the  optic  nerves. 

Apart  from  the  impressions  of  common  sensibility,  the  ana- 
tomical connections  of  the  visual  tract  do  not  present  features 
which  suggest  a  direct  functional  connection  with  the  pituitary 
body.  Indeed,  Goltz's  dog,  though  sensitive  to  a  bright  light, 
could  not  actually  see.  This  does  not  apply  of  course  to  the 
oculo-motor  muscles  which  in  common  with  other  muscles,  are 
also  related  through  the  bulb,  with  the  latter.  Hence  the  stra- 
bismus often  observed  in  acromegaly  and  neoplasms  of  the  pitui- 
tary. 

We  are  again  brought  to  conclude,  therefore,  as  far  as  the 
main  functions  of  the  eye  are  concerned,  motion  and  common 
sensibility  are  the  only  ones  related  directly  with  the  pituitary 
body. 

Hearing  is  occasionally  impaired  in  acromegaly,  but  a  feat- 
ure which  stands  out  prominently  in  this  connection  is  that  dis- 
orders of  sensibility  appear  always  to  be  present  concurrently — 
even  when  the  very  frequently  observed  symptom,  tinnitus,  fails 
to  appear.  In  Pirie's  case,  for  example,  tinnitus  accompanied 
the  marked  sensory  disturbances  to  which  reference  has  been 
made.  In  Hymanson's  it  also  coincided  with  numbness  of  the 
hands.  In  Laekey's^^*  tinnitus  and  impairment  of  hearing  oc- 
curred in  conjunction  with  numbness  of  both  feet  and  hands. 
Deafness  may  also  appear  along  with  cutaneous  hypersesthesia 
as  in  Breton  and  Michaut's  case.  Conversely,  Gibson  states  that 
his  patient  "was  not  at  all  deaf"  and  that  "ordinary  sensibility 
to  touch,  pain,  heat,  cold  and  electric  stimuli  was  intact;"  in 
Grinker's^^^  case  the  special  senses  were  normal  and  "the  pain, 
touch  and  temperature  senses"  likewise.  All  these  phenomena 
are  readily  accounted  for  by  the  fact  that  aside  from  the  auditory 
nerve  distributed  to  the  cochlea,  the  vestibule  and  semicircular 
canals,  the  membrana  tympani  receives  fibers  from  the  fifth  pair. 
"Although  the  innervation  of  the  membrana  tympani  has  not 
been  conclusively  established,"  write  McKendrick  and  Gray,^^* 
"there  is  little  doubt  it  is  supplied  with  sensory  nerves  by  the 

1-*  Lackey:    Phila.  Med.  Jour.,  July  22.  1899. 
i^Grinker:    Chicago  Med.  Recorder,  Dec,  1903. 

"•McKendrick  and  Gray:    Schafer's  "T.  B.  of  Physiol.,"  vol.  ii,  p.  1157,  1900. 
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fifth,  and  also  by  the  tympanic  plexus,  formed  by  fibers  derived 
from  the  otic  ganglion,  from  the  petrosal  ganglion  of  the  glosso- 
pharyngeal, and  from  the  carotid  plexus."  The  aural  symptoms 
of  acromegaly,  therefore,  are  not  preversions  of  the  sense  of 
hearings  but  disorders  of  general  sensibility. 

Taste  is  rarely  referred  to  as  being  morbidly  influenced  by 
disorders  of  the  pituitary,  but  it  is  probable  that  the  condition 
of  this  sense  is  seldom  inquired  into.  It  is  occasionally  men- 
tioned, however,  among  the  symptoms  of  acromegaly  and  tumor. 
In  Gibson's  case,  the  food  had  to  be  highly  seasoned  before  it 
could  be  tasted.  In  a  case  which  proved  to  be  one  of  melanotic 
sarcoma  of  the  pituitary  observed  by  Agostini^^'^  impairment 
of  taste  coincided  with  auditory,  visual  and  olfactory  pares- 
thesia and  with  "obtuse  general  sensibility."  Here  again  we 
have  not  only  glosso-pharyngeal  fibers  and  the  lingual  terminals 
of  the  chorda  tympani,  but  also  the  lingual  branch  of  the  5th, 
which  supplies  the  anterior  two-thirds  of  the  tongue  with  com- 
mon sensibility. 

This  terminates  the  list  of  special  senses.  It  has  become 
apparent  that  the  only  special  sense  clearly  related  with  the 
posterior  pituitary  is  that  of  general  sensibility. 

Although  this  organ  thus  asserts  itself  as  a  terminus  for 
impressions  included  within  the  precincts  of  a  single  special 
sense  out  of  the  five,  the  function  it  fulfills  in  this  connection  is 
a  far-reaching  one  as  interpreted  from  my  standpoint,  since  it 
means  "the  sensations  of  one  kind  or  another  from  the  body  at 
large,"  including  those  from  the  gastro-intestinal  mucous  mem- 
branes, the  muscles,  etc. 

We  can  now  understand  why  Mills  could  write  that  "innum- 
erable cases  have  been  reported  of  lesions  of  the  cortex"  or  excis- 
ion of  portions  thereof  failed  to  produce  "the  slightest  impair- 
ment of  sensibility,"  and  why  Schafer  was  unable  to  say  whether 
cutaneous  sensibility  was  localized  at  all  in  the  cortex.  The 
foregoing  facts  obviously  show  that  the  cortex  is  not  the  organ 
through  which  such  sensations  are  perceived.  Indeed,  Cyon's 
observation  in  relation  to  the  loss  of  sensibility  of  the  nasal 
mucous  membrane  after  removal  of  the  pituitary  is  but  a  limited 
example  of  the  morbid  influence  of  this  procedure :  Vassale  and 


1"  Agostini:   Rivista  di  patol.  Nerv.  e  Ment.,  Fasc.  iv,  1899. 
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Sacchi^^*  found  that  the  animals  submitted  to  it  remained  totally 
indifferent  to  excitation — evidence  that  their  general  sensibility 
had  been  destroyed.  It  is  plain,  therefore,  that  the  posterior  or 
neural  lobe  of  the  pituitary  body  receives  impressions  of  general 
sensibility  from  the  body  at  large. 

Sensory  impulses  of  this  kind  awaken  normal  motor  stimuli 
in  animals  deprived  of  their  brain.  Thus  in  Goltz's  dog,  there 
was  no  loss  of  muscular  co-ordination  although  the  animal  was 
not,  of  course,  deprived  of  its  pituitary.  And  yet,  this  phenom- 
enon always  attends  removal  of  this  organ,  even  though  the 
cerebellum  and  the  semicircular  canals  be  normal.  The  pitui- 
tary body  must,  therefore,  exercise  an  all-pervading  influence 
over  motor  phenomena.  What  is  the  nature  of  this  influence? 

Clinical  data  throw  considerable  light  upon  this  question 
provided  several  confusing  facts  are  borne  in  mind  and  mis- 
leading cases  are  avoided.  First  among  the  former,  is  the  re- 
serve of  functional  elements  with  which  the  pituitary  body,  in 
common  with  the  "ductless  glands,"  is  endowed,  which  makes  it 
possible  for  this  organ  to  carry  on  its  functions  even  though  con- 
siderable of  its  substance  is  destroyed.  Thus,  Vassale  and  Sac- 
chi^^"  in  the  course  of  their  experiments  on  cats  and  dogs,  in 
which  total  extirpation  of  the  pituitary  invariably  proved  fatal, 
only  partially  destroyed  it  in  one  of  these  animals,  as  previously 
stated.  The  characteristic  phenomena  were  observed  for  about 
three  weeks,  after  which  the  animal  gradually  recovered  and  re- 
mained healthy.  At  the  end  of  eleven  months  it  was  killed  and 
the  incomplete  destruction  was  confirmed.  Friedmann  and 
Maas^^*  also  refer  to  three  animals  which  were  killed  after  two 
and  one-half,  three  and  four  months  after  a  supposed  destruc- 
tion of  the  organ;  but  this  was  found  to  have  been  incomplete. 

This  partial  destruction  may  be  due  to  disease.  As  empha- 
sized by  Burr  and  Eiesmann,^^^  the  pituitary  body  can  also  carry 
on  its  functions,  even  though  a  part  of  it  be  diseased.  Thus 
in  a  case  of  tumor  of  this  organ  in  which  no  signs  of  acromegaly 
were  present,  they  found  a  considerable  portion  of  its  elements 

Vassale  and  Sacchi:    Rev.  sper.  di  fren.,  p.  83,  1894. 
Vassale  and  Sacchi:  Ibid. 

130  Friedmann  and  Maas:    Loc.  cit. 

131  Burr  and  Riesmann:   Jour,  of  Nerv.  and  Mental  Dis.,  Jan.,  1899. 
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intact.  In  a  case  reported  by  Walton,  Cheney  and  Mallory"^ 
a  part  of  the  pituitary  body  was  also  found  normal. 

Another  clinical  feature  which  tends  to  obscure  the  role  of 
the  pituitary  body  is  the  extension  of  a  morbid  process  in  this 
organ  to  structures  above,  or  the  presence,  simultaneously,  of 
cerebral,  bulbar  or  spinal  lesions.  The  cases  quoted  herein  are 
of  such  a  nature  as  to  prevent  confusion  on  this  score;  they  in- 
clude only  such  disturbances  as  those  witnessed  experimentally 
either  during  stimulation  or  after  extirpation  in  normal  animals. 

Irrespective  of  these  sources  of  confusion,  the  functional 
relationship  between  the  pituitary  and  the  muscular  system 
may  easily  be  discerned.  Thus,  while  Pironne^'*  found  experi- 
mentally in  common  with  other  observers,  that  "the  results  of 
removal"  are  "disturbances  of  mobility,  great  depression,  rapid 
emaciation,  cachexia  and  death,"  Rath"*  enumerates  the  symp- 
toms of  tumor  of  the  organ  in  the  order  of  their  frequency  as 
follows:  headache,  generally  frontal  and  temporal;  vomiting; 
vertigo ;  disturbances  of  motion,  spastic  and  paretic ;  disturb- 
ances of  speech ;  disorders  of  the  pupil ;  paralysis  of  the  ocular 
muscles;  diabetes  mellitus  and  insipidus.  The  ocular  motor 
disturbances,  "vomiting,"  "motion"  and  "speech,"  bring  into 
play  almost  all  the  muscles  of  the  organism  governed  by  the 
cranial  nerves,  including  the  tenth  (vagus)  and  fifth.  In 
Agostini's  case  of  sarcoma  of  the  pituitary,  muscular  asthenia 
was  a  prominent  symptom,  although  the  characteristic  signs  of 
acromegaly  were  absent.  In  another  case  of  tumor  reported  by 
Howard  and  Southard,"^  "some  unsteadiness  of  gait"  was  noted 
four  years  before  death,  suggesting  not  only  muscular  weakness 
but  impairment  of  co-ordination.  In  Walton,  Cheney  and  Mal- 
lory's  case,^*®  an  angiosarcoma  had  destroyed  the  pituitary  in 
part,  without  giving  rise  to  clearly-defined  symptoms  of  acrome- 
galy ;  and  yet  the  patient's  gait  was  "slow  and  dragging"  and 
the  muscular  weakness  increased  until  "extreme  prostration" 
was  reached.  In  a  case  characterized  as  "ataxia  but  without  any 
signs  of  acromegaly,"  observed  by  T.  W.  P.  and  J.  Lawrence,*^^ 
the  pituitary  was  found  enlarged  and  the  posterior  lobe  was  de- 

132 -Walton,  Cheney  and  Mallory:   Boston  Med.  and  Surg.  Jour.,  Dec.  7,  1899. 
isspirrone:    La  riforma  medica,  Feb.  25,  p.  205,  1903. 
"*Rath:    Archiv  f.  Ophthal.,  Bd.  xxxiv,  Hft.  4,  S.  81,  1888. 

Howard  and  Southard:    Amer.  Jour.  Med.  Sci.,  Oct.,  1904. 

Walton.  Cheney  and  Mallory:    hoc.  cit. 
137  X.  W.  P.  and  J.  Lawrence:   Brit.  Med.  Jour.  Apr.  8,  1899. 
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stroyed.  Masay^*®  observed  that  after  removal  of  the  pituitary 
body,  the  animals  (dogs)  though  they  tried  to  do  so,  were  "un- 
able to  stand,"  the  ataxia  being  "complete." 

Such  paralytic  phenomena  also  occur  in  advanced  acrome- 
galy. Here,  muscular  asthenia  is  a  prominent  feature.  Even  in 
cases  such  as  those  reported  by  Virchow,  Dana,  Woods  Hutchin- 
son and  others  in  which  there  is  marked  increase  in  bulk  and 
muscular  strength,  in  wrestlers,  giants,  etc.,  this  symptom 
forms  part  of  the  cachectic  stage  into  which  the  patient  ulti- 
mately lapses.  "In  the  earlier  stages  in  some  cases,"  writes 
Woods  Hutchinson,^^^  "there  is  a  decided  increase  in  both  mus- 
cular bulk  and  power,  but  this  rapidly  reaches  a  maximum  and 
thereafter  quickly  declines."  But  he  also  concludes  in  accord 
with  Dana,  Tamburini  and  Harlow  Brooks,  that  acromegaly 
and  giantism  are  "the  result  of  a  normal  or  glandular  hyper- 
trophy of  the  entire  pituitary  body  beginning  in  and  chiefly 
affecting  the  anterior  lobe,  but  even  extending  to  and  affecting 
the  posterior  or  nervous  lobe."  All  cases  of  acromegaly  which 
do  not  die  of  some  intercurrent  disease,  in  fact,  lapse  into  what 
amounts  practically  to  muscular  impotence. 

And  we  have  here  but  the  uncomplicated  type.  Along  with 
the  miiscular  asthenia  we  may  have  mixed  symptoms.  Where 
in  other  words  there  was  merely  "increasing  weakness,"  vsdth 
"no  evidence  of  paralysis"  we  now  witness  besides,  phenomena 
recalling  neuroses  and  muscular  dystrophies  of  various  kinds — 
syringomyelia ;  unilateral,  bilateral  or  localized  paralyses ;  pro- 
gressive muscular  atrophy,  etc.  In  some  cases  related  by 
Duchesnau^*"  for  instance,  "atrophy  of  the  muscles  was  so 
marked,  that  it  had  been  mistaken  for  syringomyelia,  progressive 
muscular  atrophy"  and  other  kindred  disorders.  In  a  case  re- 
ported by  Pirie^*^  (who  quotes  Duchesnau's) ,  the  muscular 
weakness  not  only  became  intense,  but  this  was  attended  by  atro- 
phy of  various  muscles  of  the  hands,  arms,  calf,  thigh,  and  of 
the  glutei. 

On  the  whole,  it  is  evident  that  the  "neural"  or  posterior 
lobe  of  the  pituitary,  when  diseased  alone  or  in  conjunction  with 

Masay:    Loc.  cit.,  pp.  16,  17. 
"9  Woods  Hutchinson:    N.  Y.  Med  .Jour.,  Mar.  12,  Apr.  2,  1898;  July  21  and 
28,  1900. 

""Duchesnau:    These  de  Lyon,  1891. 
^"Pirie:    Lancet,  Oct.  5,  1901. 
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the  anterior  lobe,  can  provoke  a  great  variety  of  motor  disorders, 
a  fact  which,  in  view  of  the  loss  of  muscular  co-ordination,  the 
marked  relaxation  of  all  muscles  and  the  profound  asthenia 
that  follow  extirpation  of  the  pituitary — including  of  course  the 
neural  lobe — clearly  point  to  the  latter  as  the  seat  of  general 
motor  centers.  Its  influence  is  not  limited  to  the  skeletal  mus- 
cles, since,  as  we  have  seen,  it  governs  also  the  sympathetic  sys- 
tem, whose  terminals  are  distributed  to  the  muscular  coat  of  the 
arterioles. 

We  can  now  understand  why  organic  lesions,  gradually 
as  they  destroy  the  cellular  elements  of  the  posterior  pituitary, 
give  rise  to  promiscuously-distributed  disturbances  of  sensibility 
and  motility.  It  receives  sensory  impulses  from  all  muscles, 
skeletal,  gastric,  intestinal,  diaphraghmatic,  cutaneous,  ocular, 
etc.,  and  from  the  mucous  membranes,  then  converts  and  co- 
ordinates all  these  impulses  into  motor  stimuli  which  it  sends 
back  to  the  muscles,  to  sustain  the  many  functions  with  which 
they  are  connected  and  to  enhance  their  activity,  when  need  be. 

The  view  still  prevails  in  the  minds  of  many  that  the  cere- 
bellum is  the  co-ordinating  center  of  muscular  movements.  Fos- 
ter says,  in  this  connection,  that  experimental  and  clinical  in- 
vestigations "have  thrown  little  or  no  light  on  the  exact  nature 
of  the  part  which  the  organ  plays  in  the  complex  process,  but 
perhaps  rather  show  that  we  are  at  present  wholly  ignorant  of 
how  co-ordination  is  brought  about."  He  states  also,  however, 
referring  to  the  pituitary  body :  "Concerning  the  purposes  of  the 
organ  as  a  whole,  we  know  absolutely  nothing."  The  foregoing 
evidence,  contributed  since  he  wrote  these  lines,  clearly  sug- 
gests that  the  true  co-ordinating  center  is  the  neural  lobe  of 
the  pituitary  body. 

Foster^*^  terms  "the  machinery  of  co-ordinated  movements" 
structures  "lying  between  the  cerebral  hemisphere  above  and 
the  top  of  the  spinal  cord  below ;"  but  as  to  how  "this  machinery 
is  related  to  the  various  elements  which  go  to  make  up  this  part 
of  the  brain"  he  says  "the  only  answers  which  we  receive  are  of 
the  most  imperfect  kind."  Physiologists,  in  fact,  have  fur- 
nished no  answer.  Experimental  evidence,  however,  has  brought 
them  to  structures  immediately  overlying  the  pituitary  body 

1*2  Foster:   Loc.  cit,  p.  651. 
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and  connected  with  it,  but  structures  presenting  no  organization 
capable,  after  removal  of  the  brain,  of  accounting  for  the  con- 
tinuation of  all  somatic  functions.  We  have  seen  that  Ramon 
y  Cajal — though  unaware  of  the  functional  importance  of  the 
pituitary  body — found  that  it  was  connected  by  afferent  and 
efferent,  i.e.,  sensory  and  motor  fibers  with  the  great  nucleus 
situated  immediately  above  this  organ,  which  nucleus,  as  pre- 
viously shown,  is  itself  connected  by  nerve-paths  with  "the  top 
of  the  spinal  cord  below."  The  neural  lobe  of  the  pituitary 
thus  asserts  itself  as  the  chief  center  of  the  "machinery  of  co- 
ordinated movements,"  as  well  as  the  seat  of  common  sensi- 
bility. 

The  vast  scope  of  these  functions  is  summarized  in  the  fol- 
lowing conclusions:  (1)  the  cortex  is  not  the  organ  through 
which  any  of  the  cutaneous  and  internal  sensations  are  per- 
ceived; (2)  these  sensations,  which  include  pain,  heat,  cold,  pres- 
sure (constituting  touch),  hunger,  thirst  and  the  muscle  and 
spatial  senses,  are  perceived  by  and  through  the  neural  or  poster- 
ior lobe  of  the  pituitary  body;  (3)  this  organ  also  receives  all 
sensory  impulses  which  reflexly  incite  and  sustain  the  secretory 
activity  of  all  glands  {gastric,  intestinal,  pancreatic,  salivary, 
lachrymal,  lacteal,  etc.),  and  the  contraction  of  all  muscles., 
striped  and  unstriped,  peripheral  or  internal  {including  those 
of  the  vessels  and  heart,  the  stomach,  intestines,  bladder,  etc.)  ; 
(4)  the  processes  thus  governed  by  the  posterior  pituitary  body, 
are  not  mere  reflex  phenomena  such  as  those  elicited  from  sub- 
sidiary nerve-centers,  e.g.,  those  in  the  medulla  oblongata  and 
spinal  cord;  they  include  all  functions  ivhich  require  conscious 
and  to  a  certain  extent  intelligent  co-ordination. 

This  involves  the  conclusion  that  the  neural  lobe  of  the 
pituitary  is  the  general  center  of  all  the  cranial  nerves  con- 
cerned with  common  sensation  and  motion,  besides  the  sympa- 
thetic center  studied  in  the  preceding  section,  with  which  the 
cranial  centers  are  in  close  functional  association,  as  will  be 
shown. 

The  manner  in  which  these  nerves  carry  on  their  functions 
in  the  peripheral  organs,  and  their  functional  relations  with 
the  sjrmpathetic  terminals  will  be  studied  in  the  eighteenth  and 
twentieth  chapters. 
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THE  PITUITARY  BODY  AS  THE  GOVERNING  CENTER  OF 
THE  ADRENALS,  AND  AS  THE  THERMOGENIC  AND 
RESPIRATORY  CENTER. 

In  the  first  volume,  I  pointed  out  that  the  pituitary  body 
contained  the  adrenal  center.  The  importance  of  this  con- 
clusion is  apparent  in  view  of  the  fact  that  the  adrenals  are  the 
source  of  the  secretion  which,  in  the  lungs,  becomes  adrenoxi- 
dase.  This  is  further  emphasized  by  the  relationship  of  the 
pituitary  body,  as  heat  center,  with  the  function  of  oxygena- 
tion. We  saw  in  the  preceding  section,  that  the  supposed  heat 
"centers"  found  by  Ott  and  others  in  the  floor  of  the  third 
ventricle  were  in  reality  not  centers,  and  that  the  effects  pro- 
duced were  due  to  irritation  of  the  nerve-paths  from  the  pitu- 
itary body  which  reached  the  spinal  cord  by  way  of  the  basal 
tissues. 

In  the  preceding  section,  it  was  shown  also  that  the  sen- 
sory and  motor  nerves  to  and  from  the  pituitary  body  were 
connected  with  the  mass  of  gray  matter  overlying  the  infundi- 
bular opening  in  the  floor  of  the  third  ventricle,  the  giant-celled 
supra-infundibular  nucleus,  and  that  the  sympathetic  nerve- 
paths  took  this  route.  A  suggestive  feature  asserts  itself  in 
this  connection:  While  these  motor  paths  (which,  as  shown  by 
the  researches  of  comparative  anatomists,  especially  Edinger, 
are  probably  present  in  all  vertebrates)  correspond  clearly  with 
those  observed  histologically  by  Eamon  y  Cajal,  the  fibers  which 
Gentes  traced  from  the  neural  or  posterior  lobe  of  the  pituitary 
to  the  tuber  cinereum  in  the  floor  of  the  third  ventricle,  and 
which  Andriezen  traced  directly  from  the  pituitary  to  the  neigh- 
borhood of  the  pons,  were  not  involved  in  these  functions,  and 
have  remained,  as  it  were,  without  occupation.  Now,  the  fibers 
traced  by  Gentes  are  precisely  those  derived  indirectly  from  the 
sensitive  cells  (similar  to  those  of  the  olfactory  area)  which  this 
investigator  found  in  the  partition  between  the  two  lobes  of  the 
pituitary,  and  which  area  I  assimilate  to  the  test-organ  of  mol- 
lusks,  the  lower  chordata,  etc. 

That  the  fibers  from  the  test-organ  form  part  of  the  nerve- 
chain  which  terminates  in  the  adrenals,  is  suggested  also  by  the 
fact  that  it  is  also  among  its  fibers  in  the  tuber  cinereum  that 
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punctures — from  below  by  way  of  the  mouth  as  well  as  from 
above — were  found  by  Ott,  and  others  after  him,  to  cause  a 
marked  rise  of  temperature.  With  the  adrenals  as  the  source 
of  the  secretion  which,  converted  into  adrenoxida?e,  supplies 
the  entire  organism  with  oxygen,  and  a  direct  nerve-path  from 
the  "test-organ"  of  the  pituitary,  by  way  of  the  floor  of  the 
third  ventricle  and  the  cord,  to  the  adrenals,  we  have  a  self- 
evident  mechanism  to  explain  an  obscure  function,  i.e.,  the 
manner  in  which  the  temperature  is  raised. 

Another  important  function  is  linked  intimately  with  this 
mechanism,  viz.,  that  of  respiratory  center.  Soury,^**  quoting 
Ott,  states  that  "the  gray  substance  of  the  anterior  portion  of 
the  floor  of  the  third  ventricle"  (immediately  above  the  pituitary 
body)  is  "identical  with  the  thermo-polypnoeic  center"  and  that 
"removal  of  this  center  diminishes  the  number  of  respiratory 
movements."  Ott  tlierefore  regards  the  tuber  cinereum  as  a 
"center  of  polypnoea  and  thermotaxis."  In  view  of  the  fore- 
going facts,  this  points  not  only  to  the  "test-organs"  as  the 
thermogenic  or  "heat"  center,  but  also  as  the  polypnwic  or 
respiratory  center,  and,  moreover,  to  the  tuber  cinereum  as  the 
bed  for  the  nerve-paths  from  these  centers  to  the  pons  and 
medulla.  This  adds  testimony  as  to  the  functional  connection 
between  the  pituitary  body  and  the  adrenals,  since  it  is  the 
secretion  of  the  latter  which,  as  adrenoxidase,  supplies  oxygen 
to  the  entire  organism. 

The  role  of  the  respiratory  center  involves,  however,  a  con- 
comitant influence  upon  the  large  array  of  inspiratory  and  ex- 
piratory muscles  (chest,  diaphragm,  abdomen,  etc.)  which  carry 
on  their  functions  rhythmically  without  voluntary  control.  We 
have  seen  in  the  preceding  section  that  the  posterior  lobe  of  the 
pituitary,  in  which  the  thermogenic  fibers  arise,  is  also  the  ori- 
gin of  the  nerve-chains  that  govern  muscular  activity.  In  most 
text-books  the  respiratorj'^  center  is  said  to  be  located  in  the 
medulla  near  the  vasomotor  center.  As  HowelP**  says,  how- 
ever, "the  region  has  been  delimited  by  vivisection  experiments 
only"  and  "no  especial  group  of  cells  can  be  found  in  this  re- 
gion sufficiently  separated  anatomically  to  make  it  probable 

"'Soury:    hoc.  cit,  vol.  ii,  p.  1256. 

1"  Howell:    "T.  B.  of  Physiol.,  p.  611,  1905. 
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that  they  constitute  the  center  in  question."  This  cannot  be 
said  of  the  posterior  pituitary  body.  Not  only  does  it  present 
all  the  attributes  of  a  highly  differentiated  co-ordinating  organ, 
such  as  the  presence  of  various  centers  closely  connected  func- 
tionally requires,  but  its  removal  (with  the  anterior  lobe)  is 
followed,  as  we  have  seen,  by  marked  muscular  relaxation,  dysp- 
noea and  hypothermia. 

The  adrenals  thus  represent  the  normal  terminal  of  a 
nerve-chain  which  begins  in  the  "test-organ,"  passes  thence 
by  way  of  the  neural  lobe  of  the  pituitary  to  the  tuber  cinereum 
and  then  to  the  ponto-medullar  region.  Here,  a  continuation 
of  this  path  is  evidently  present,  for  Keichert^*^  refers  to  a 
"pontobullar  i/ierTOoaugmentor  center,"  the  presence  of  which 
in  this  location  he  determined  experimentally.  What  is  the 
course  of  the  adrenal  nerve-path  from  this  region  to  the 
adrenals  ? 

Goltz  and  Ewald^*®  have  shown  that  an  animal  from  which 
the  entire  spinal  cord  below  the  bulb  had  been  removed — thus 
leaving  intact  all  the  cranial  nerves  and  the  basal  structures, 
including  the  pituitary  body — could  live  several  years.  Soon 
after  the  operation  the  vessels  recover  their  tonicity  and  the 
circulation  becomes  practically  normal.  Yet  there  occurs  a 
curious  phenomenon  which  continues  several  weeks:  the  ani- 
mal is  in  constant  danger  of  death  from  cold  unless  it  be  kept 
in  a  superheated  medium.  Goltz  emphasized  another  striking 
feature,  i.e.,*  the  occurrence  of  marked  trophic  bilateral  lesions 
of  the  skin  when,  in  gradually  shortening  the  cord  from  below, 
in.  successive  operations,  he  reached  the  upper  dorsal  vertebra. 
These  two  features  suggest  that  the  upper  part  of  the  cord  is 
of  great  functional  importance  in  thermogenesis  and  nutrition. 
Claude  Bernard^*'^  had  shown  many  years  before  that  transec- 
tion of  the  cord  in  the  upper  dorsal  region  could  bring  the 
rectal  temperature  down  16°  C.  (28.8°  F.)  in  five  hours.  In- 
deed, Pochoy^**  found  that  a  section  in  this  region  brought 
the  rectal  temperature  down  over  22°  C.  (41.6°  F.)  in  twenty- 
four  hours  in  guinea-pigs  and  that  it  continued  to  decline  until 

"SReichert:   Jour.  Amer.  Med.  Assoc.,  Jan.  18,  1902. 

"0  Goltz  and  Ewald:    Archiv  f.  d.  ges.  Physiol.,  Bd.  Ixiii,  pp.  362,  400,  1896. 
"'Claude  Bernard:    "Lecons  sur  la  chaleur  anlmale,"  p.  161,  1876. 
**8pochoy:    Th6se  de  Paris,  1870. 
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death  ensued.  It  is  evident,  therefore,  that  division  of  the 
upper  dorsal  cord  seriously  invalidates  the  thermogenic  appara- 
tus. 

The  truth  of  this  is  emphasized  by  the  fact  that  transec- 
tion of  the  cord  lower  down  causes  only  temporary  torpor  of 
the  automatic  functions.  "If  we  wait  for  a  time,"  says  Stew- 
art,"" "we  shall  find  that  this  torpor  of  the  lower  dorsal  and 
lumbar  cord  is  far  from  giving  a  true  picture  of  its  normal 
state;  that,  cut  off  as  it  is  from  the  influence  of  the  brain,  it  is 
still  endowed  with  marvelous  powers.  If  we  wait  long  enough, 
we  shall  see  that,  although  voluntary  motion  never  returns,  re- 
flex movements  of  the  hind-limbs,  complex  and  co-ordinated  to 
a  high  degree,  are  readily  induced.  Vasomotor  tone  comes 
back.  The  functions  of  defecation  and  micturition  are  nor- 
mally performed."  As  I  will  show  below,  this  is  due  to  the 
fact  that  the  nerves  to  the  adrenals  are  not  included  in  the  por- 
tion of  the  cord  separated  from  the  centers.  The  subsidiary 
vasomotor  centers  in  the  lower  or  separated  segment  of  the 
cord  being  nourished  and  oxygenized  as  usual  after  the  shock 
of  the  operation  has  passed  and  when  a  collateral  circulation 
is  reestablished,  the  vasomotor  functions  are  resumed.  This 
explains  also  why  the  process  of  repair  proceeds  unfailingly, 
whereas  section  in  the  upper  portion  of  the  cord,  unless  great 
precautions  are  taken,  follows  a  lethal  course. 

Ott^^"  states  that  "destruction  of  the  spinal  cord  from  the 
fifth  dorsal  vertebra  down  permits  the  animal  to  generate  as 
much  heat  as  before  the  operation."  This  harmonizes  with  my 
own  conception  of  the  process :  below  this  level,  the  only  morbid 
phenomenon  connected  with  the  circulation  which  can  be  caused 
is  vasodilatation ;  hence  the  comparatively  benign  results.  Above 
it,  however,  the  transection  involves  not  only  the  vasomotor 
supply,  but,  also,  the  "thermogenic"  nerves,  i.e.,  those  to  the 
adrenals.  It  follows  that  these  nerves  constitute  an  autonomous 
path,  one  totally  independent  of  the  vasomotor  path.  Now  this 
has  repeatedly  misled  physiologists.  Overlooking  the  presence 
of  this  independent  thermogenic  nerve,  they  have  ascribed  to 
vasomotor  influence,  vasoconstrictor  phenomena  that  were  due 


Stewart:  hoc.  cit.,  p.  694. 
Ott:    Loc.  cit.,  p.  348. 
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to  stimulation  of  the  adrenals,  the  secretion  of  which,  as  is  well 
known,  causes  a  rise  of  the  blood-pressure.  "Hardly  any  other 
agent  will  produce  such  an  enormous  increase  of  pressure," 
writes  Schafer,^''^  referring  to  injections  of  adrenal  extract 
after  division  of  the  vagi,  "except  direct  stimulation  of  the 
vasomotor  center." 

Moreover  a  dual  effect  is  produced  when  this  part  of  the 
path  or  its  branches  are  stimulated  which  does  not  occur  when 
the  influence  of  the  adrenals  is  removed.  Thus,  Frangois- 
Franck  and  Hallion^^^  have  shown  that  the  vasomotor  nerves  of 
the  liver  leave  the  spinal  cord  by  the  rami  below  the  fifth,  i.e., 
the  sixth  down  to  the  second  lumbar.  These  limits  have  been 
confirmed  by  Langley.^^^  The  former  physiologists  remark, 
however,  that  "centrifugal  excitation  of  the  vertebral  nerve 
(composed  of  four  or  five  of  the  lower  cervical  nerves)  after 
section  of  the  upper  rami  communicantes  (from  the  first  to  the 
fifth)  no  longer  produces  hepatic  vasoconstriction" — a  state- 
ment which  implies  that  stimulation  of  the  vertebral  nerve  does 
produce  hepatic  vasoconstriction.  The  manner  in  which  this 
effect  is  brought  about,  Frangois-Franck  and  Hallion  were  un- 
able to  explain,  however ;  they  ascribed  them  therefore,  to  "reflex 
action"  or  to  some  unexplained  "indirect  influence."  This  in- 
fluence, interpreted  from  my  standpoint,  is  that  the  adrenals. 

The  mode  of  action  of  the  adrenal  secretion,  in  the  light 
of  the  facts  submitted  in  the  first  chapter,  is,  of  course,  indirect, 
in  the  sense  that  it  is  first  of  all  converted  into  adrenoxidase. 
This  latter  substance  being  the  activating  agent  in  all  meta- 
bolic processes,  an  excess  in  the  blood  enhances  its  oxygenizing 
power  in  proportion.  When  such  blood  is  supplied  to  the  ar- 
teries and  veins  by  their  vasa  vasorum,  their  muscular  elements 
are  abnormally  stimulated  and  contract,  reducing  the  caliber  of 
the  vessels. 

The  thermogenic  fibers  proceeding  no  further  down  the 
cord,  as  shown  by  Ott^s  experiment,  than  the  fifth  dorsal  ver- 
tebra, this  "unexplained  indirect  influence,"  i.e.,  overactivity  of 
the  adrenals,  should  occur  when  the  upper  five  dorsal  nerves 
(which  pass  to  the  sjonpathetic  cord  of  ganglia)  are  stimulated. 

1"  Schafer:    "T.  B.  of  Physiol.,"  vol.  i,  p.  955,  1898. 

Frangois-Franck  and  Hallion:    Arch.  <Je  physiol.,  T.  viii.  No.  5,  p.  936,  1896. 
i53Langley:    Schafer's  "T.  B.  of  Physiol.,"  vol.  ii,  p.  644,  1900. 
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Frangois-Franck  and  Hallion  found  that  stimulation  of  the 
sympathetic  chain  where,  they  state,  "it  has  not  as  yet  received 
from  the  spinal  cord  the  hepatic  vasoconstrictor  rami"  caused 
"a  marked  rise  of  aortic  pressure."  Even  more  striking  is  the 
effect  produced  when  the  sympathetic  cord  had  been  isolated  by 
dividing  the  rami  containing  the  hepatic  vasomotor  nerves.  This 
caused,  as  stated  by  these  physiologists  and  as  shown  by  their 
tracings,  "the  maximum  vasomotor  effect."  Obviously,  the  upper 
portion  of  the  sympathetic  chain  was  capable  of  causing,  irre- 
spective of  any  vasomotor  influence,  a  very  marked  increase  of 
vascular  tension  in  the  liver — an  effect  due  to  the  general  rise 
of  blood-pressure  caused  by  the  excessive  adrenal  secretion,  i.e., 
adrenoxidase,  produced. 

What  is  the  identity  of  the  nerves  which,  out  of  the  five 
upper  dorsal  nerves,  produce  this  effect  by  transmitting  centric 
impulses  to  the  adrenals? 

These  impulses  doubtless  pass  to  the  sympathetic  chain 
through  more  than  one  ramus.  Thus,  Frangois-Franck  and  Hal- 
lion  state :  "Division  of  the  upper  root  was  followed  by  marked 
reduction  of  the  vasoconstrictor  effect,"  but  they  do  not  refer 
to  the  specific  influence  of  the  four  remaining  rami.  Fortun- 
ately, however,  this  gap  is  filled  by  the  experiments  of  Biedl  to 
which  reference  was  made  in  a  previous  chapter.^'^* 

We  have  seen  that  it  was  on  stimulating  the  peripheral 
end  of  the  cut  splanchnic  that  he  increased  the  secretory  ac- 
tivity of  the  adrenals,  a  result  confirmed  by  Dreyer.  Biedl 
thus  showed  that  the  splanchnic  contained  the  secretory  nerves 
of  the  adrenals.  In  order  to  ascertain,  if  possible,  whether 
these  organs  contained  vasomotor  nerves  also,  he  exposed  and 
divided  all  the  spinal  roots  from  the  third  thoracic  to  the  third 
lumbar,  and  stimulated  both  their  anterior  and  posterior  seg- 
ments "with  a  strong  induction  current."  Not  only  did  he  not 
observe  vasoconstrictor  effects,  in  the  adrenals,  but  he  failed 
to  obtain  any  evidence  of  overactivity  of  these  organs,  i.e.,  an 
increased  blood-flow  through  them.  This  experiment — which 
Bitdl  repeated  three  times,  always  with  the  same  result — in- 
dicates that  the  secretory  nerves  to  the  adrenals  do  not  origin- 
ate in  the  spinal  cord  up  to  the  third  thoracic. 


Cf.  this  vol.,  p.  810. 
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This  gives  us  the  identity  of  the  path  to  the  adrenals.  In- 
asmuch as  Frangois-Franck  and  Hallion  markedly  reduced  the 
"maximum  vasomotor  effects"  (so-called)  observed  by  them,  by 
dividing  the  first  thoracic  ramus,  a  part  of  these  effects  remains 
unaccounted  for.  This  is  supplied  by  Biedl's  experiment  since 
it  left,  as  the  only  ramus  to  supply  this  want,  the  second.  This 
points  to  the  first  and  second  dorsal  rami  as  the  paths  of  the 
thermogenic  fibers  to  the  sympathetic  chain  and  thence  to  the 
greater  splanchnic. 

Additional  experiments  suggest,  however,  that  the  third 
thoracic  ramus  likewise  contains  fibers  to  the  adrenals  and  that 
Biedl  did  not  detect  them  because  impulses  through  a  single 
bundle  were  inadequate  to  satisfy  the  needs  of  a  process  carried 
on  normally  through  three  sets.  Thus  precisely  as  Frangois- 
Franck  and  Hallion  obtained  hepatic  (so-called)  "vasomotor" 
effects  by  stimulating  the  sympathetic  chain  above  the  course 
of  the  liver's  true  vasomotor  nerves,  so  have  Bulgak,  Schafer 
and  Moore  and  Bunch  obtained  "vasomotor"  effects  in  various 
organs  from  the  third  thoracic  nerve,  among  others,  though 
their  normal  vasomotor  paths  are  lower  down.  Bunch,^^^  for 
example,  had  established  the  limits  of  the  innervation  of  the 
small  intestine  from  the  sixth  thoracic  and  fifth  lumbar,  in- 
clusive. Later,  however,^^"  he  likewise  obtained  "vasomotor" 
effects  in  the  small  intestine  by  stimulating  the  upper  thoracic 
nerves  from  the  second  down.  Langley,^®'  referring  to  these 
results,  expresses  his  belief  that  the  origin  of  these  nerves  is  less 
extensive  and  that  the  uppermost  nerve  to  send  fibers  to  the  solar 
ganglia  is  the  fourth  or  fifth  thoracic.  Yet,  we  cannot  doubt 
that  the  above-named  physiologists,  including  Bunch,  obtained 
"vasomotor"  effects  by  stimulating  nerves  above  the  fourth 
thoracic :    but  only  throiigh  the  intermediary  of  the  adrenals. 

Indeed,  a  nerve-path  is  present  in  the  sympathetic  chain 
which  is  distinct  from  the  true  vasomotor,  and  which  extends 
to  the  upper  thoracic  limit  of  the  sympathetic  chain.  Quain,^^* 
for  instance,  states  that  some  fibers  of  the  splanchnic's  higher 
roots  "may  be  traced  upward  in  the  sympathetic  cord  as  far  as 


Bunch:   Jour,  of  Physiol.,  vol.  xxii,  p.  357,  1898. 
i5«  Bunch:    lUd.,  vol.  xxiv,  p.  72,  1899. 

i^Langley:  Schafer's  "T.  B.  ot  Physiol.,"  vol.  ii,  pp.  644  and  695,  1900. 
^^Quain:    "Anatomy,"  seventh  edition,  vol.  ii,  1867. 
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the  -first  and  second  thoracic  ganglia.  Gray^'^''  gives  the  same 
limits.  Cruveilhier^""  says  that  these  filaments  "are  merely  in 
contact  with  the  sympathetic." 

Proof  that  the  adrenal  secretion  can  produce  vasomotor 
effects  may  also  be  furnished  by  showing  that  in  the  parts  in- 
fluenced, the  small  intestine,  for  instance,  there  are,  as  in  the 
case  of  the  liver,  two  distinct  forms  of  vasoconstriction,  one 
due  to  vasomotor  nerves  and  the  other  to  the  local  action  of 
adrenoxidase,  and  that  when  one  is  removed  the  other  persists. 
Intestinal  inhibition  affords  evidence  of  this  dual  action.  We 
have  seen  that  "inhibition"  is  merely  excessive  vasoconstriction. 
Now,  Schiff,  Ludwig  and  Kupffer,  Bechterew  and  Mislawsky 
(Starling"^)  have  observed  both  a  motor  effect  (increased  peri- 
stalis)  sometimes,  and  inhibition  at  others.  Bunch  has  also 
shown  that  stimulation  of  the  splanchnic  could  cause  increased 
intestinal  activity  and  at  other  times  inhibition.  "Jacobi,"  says 
Starling,  in  a  review  of  the  subject,  "states  that  the  in- 
testinal inhibitory  fibers  of  the  splanehnics  take  a  different 
course  from  the  vasomotor  fibers,  and  that  section  of  the  nerves 
running  from  the  suprarenals  to  the  solar  plexus  annuls  the  in- 
hibitory action  of  the  splanehnics  without  affecting  their  vaso- 
constrictor effect."  Suppression  of  the  adrenal  influence  in  this 
experiment  obviously  prevented  excessive  vasoconstriction. 

It  is  evident,  therefore,  that  the  first,  second  and  third 
thoracic  nerves — the  three  ahove  the  uppermost  limit  set  by 
Langley  for  sympathetic  vasomotor  fibers  which  run  to  the  so- 
lar plexus — constitute  a  separate  path,  the  secretory  nerves  to 
the  adrenals. 

Having  attributed  to  the  pituitary  the  role  of  "heat"  cen- 
ter, owing  to  a  nervous  connection  with  the  adrenals,  and  the 
presence  of  such  a  connection  having  now  been  shown  to  exist, 
the  adrenal  secretion  should  be  capable  of  raising  the  tempera- 
ture when  in  excess  (as  adrenoxidase)  in  the  blood.  This  is 
a  recognized  effect  of  adrenal  extractives.  Thus  Oliver  and 
Schafer^®^  observed  under  its  effects  "slight  transitory  disturb- 
ance of  the  rate  of  the  heart  beats,  of  the  respiration,  and  of  the 


Gray:   "Anatomy,"  fifteenth  edition,  1901. 

Cruveilhier:    "Anatomy,"  Amer.  edition,  1844. 
"1  Starling:   Schafer's  "T.  B.  of  Physiol.,"  vol.  ii,  p.  313,  1900 
"2  Oliver  and  Schafer:  Jour,  of  Physiol.,  vol.  xviii,  p.  230,  1895. 


1016        THE  PITUITARY  AS  CENTER  OF  VITAL,  FUNCTIONS. 

body  temperature."  Pellacani/®^  Foa"*  and  other  physiologists 
have  likewise  observed,  besides  the  characteristic  effects,  a  rise 
of  temperature.  E.  T.  Keichert"®  noted  that  among  other  ef- 
fects an  intravenous  injection  of  0.0005  gramme  adrenalin 
caused  "an  increase  of  general  metabolism  and  body  tempera- 
ture." His  experiments  showed  that  "the  pulse  and  arterial 
pressure  are  the  first  to  be  affected,  then  the  respiratory  move- 
ments, and  then  general  metabolism  and  body  temperature." 
This  is  a  suggestive  sequence  when  we  consider  that  the  adrenal 
secretion,  after  absorbing  oxygen  in  the  lungs,  becomes,  as  I 
have  shown,  the  body's  oxygenizing  principle.  Conversely,  we 
have  seen  that  removal  of  the  adrenals,  precisely  as  is  the  case 
when  the  pituitary  body  is  destroyed,  is  followed  by  a  steady 
decline  of  the  temperature  until  death  occurs. 

Finally,  blocking  of  the  vessels  which  carry  the  adrenal  se- 
cretion to  the  inferior  vena  cava  not  only  causes  a  marked  de- 
cline of  the  blood-pressure  by  decreasing  the  activity  of  the 
metabolic  exchanges  in  the  vascular  walls,  but  it  arrests  also  all 
oxidation  processes,  i.e.,  life  itself.  Thus  Strehl  and  Weiss^*" 
found  that  after  removing  one  adrenal,  the  blood-pressure  could 
be  lowered  by  clamping  the  suprarenal  vein  of  the  remaining 
organ,  thus  depriving  the  blood  of  any  adrenal  secretion,  and 
that  by  releasing  this  vein  the  blood-pressure  was  soon  re- 
stored to  its  previous  level.  When  the  second  adrenal  was  also 
removed,  the  blood-pressure  at  once  fell  20  to  30  mm.  Hg.,  and 
continued  to  fall  slowly  until  death  ensued. 

This  explains  why  Gray,^*^  alluding  to  the  suprarenal 
plexus,  remarks:  "The  branches  of  this  plexus  are  remark- 
able for  their  large  size  in  comparison  with  the  size  of  the 
organ  they  supply."  The  function  they  govern  through  the 
adrenals,  as  I  have  now  shown,  is  one  of  the  most  important  of 
the  organism. 

That  there  exists  a  functional  relationship  between  the 
pituitary  and  the  adrenals  is  shown  also  by  the  pathology  and 
symptomatology  of  various  disorders  in  which  the  pituitary  is 
either  implicated  or  the  seat  of  primary  lesions. 

i«s  Pellacanl:   Archiv  per  le  scienze  med.,  vol.  iii,  No.  24,  1879.. 
i»*Foa:    Ibid.,  vol.  Iv,  p.  451,  1880. 

"5  B.  T.  Reichert:    Univ.  of  Penna.  Med.  Bull.,  Apr.,  1901. 

lo"  strehl  and  Weiss:    PflUger's  Archiv,  Bd.  Ixxxvl,  S.  107,  1901. 

"'Gray:    "Anatomy,"  fifteenth  edition,  p.  808,  1901. 
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In  Addison  s  disease,  the  lesions  are  usually  situated  in  the 
adrenals  or  in  the  nervous  connections  of  these  organs;  and 
yet  the  phenomena  witnessed  are  the  counterpart,  so  to  say,  of 
those  that  attend  destructive  disorders  of  the  pituitary.  Thus 
Schafer^"'*  states  that  the  symptoms  that  follow  removal  of  the 
pituitary  body  are  "(1)  diminution  of  the  body  temperature;  (2) 
anorexia  and  lassitude;  (3)  muscular  twitchings  and  tremors, 
developing  later  into  spasms;  (4)  dyspnoea" — the  list,  we  have 
seen,  of  phenomena  that  follow  removal  of  the  adrenals.  Again, 
Harlow  Brooks,"**  referring  to  the  cachectic  stage  of  acrome- 
galy, states  that  "a  general  brownish  pigmentation  is  present  in 
the  average  case  which  at  times  strongly  resembles  that  found 
in  Addison's  disease."  E.  Wasdin,^^"  in  a  case  of  fracture  of  the 
maxillary  and  sphenoid  implicating  destruction  and  gangrene 
of  the  pituitary  body,  verified  after  death,  observed  among 
other  symptoms,  bronzing  of  the  skin. 

The  extreme  muscular  weakness  following  removal  of  the 
pituitary  to  which  Schafer  refers  was  also  witnessed,  as  we 
have  seen,  by  many  other  physiologists,  the  "ataxia  being  com- 
plete" in  Masay's  dogs.  A  similar  condition  follows  the  re- 
moval of  the  adrenals.  Thus,  Brown-Sequard  called  attention 
to  the  "progressive  paralysis"  which  followed  this  procedure. 
Abelous  and  Langlois^'^  observed  the  same  effects  in  frogs,  the 
paralysis  beginning  in  the  lower  limbs  and  spreading  anteriorly. 
Boinet^''^  noted  the  same  symptom  in  fifty-nine  rats ;  the  move- 
ments became  slow,  then  impossible.  Several  other  investi- 
gators have  also  referred  to  this  symptom. 

Tracing  the  pathological  changes  found  in  this  disease  out- 
side of  the  adrenals,  the  semilunar  ganglia  are  the  first  to 
appear.  These  structures,  as  is  well  known,  are  often  found 
congested,  caseous,  sclerosed,  etc.  Now,  removal  of  these 
ganglia,  as  stated  by  Eolleston,^''^  is  followed  by  "rapid  emaci- 
ation, asthenia,  low  temperature,  diminution  of  the  amount  of 
urea  in  the  urine."  These  are  all  subjective  symptoms  of  Ad- 
dison's disease ;  while  the  reduced  urea  output  points  to  reduced 

Schafer:   Loe.  cit.,  vol.  i,  p.  946. 

Harlow  Brooks:    Archives  of  Neurol,  and  Psychol.,  vol.  i,  p.  485,  1898. 
E.  Wasdin:    Monthly  Cyclop,  of  Pract.  Med.,  Mar.,  1903. 
1"  Abelous  and  Langlois:   Archives  de  physiol.  norm,  et  path.,  5  S6rle,  vol. 
iv,  p.  269,  1892 

"2  Boinet:  '  Marseille  m6d.,  Sept.  1,  1899. 

""RolleBton:   AUbutt'a  "Practice  of  Medicine,"  vol.  v,  p.  540  ,1897. 
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metabolism,  i.e.,  lowered  oxygenation.  The  path  thence  to  the 
cord,  the  splanchnic  nerves,  may  be  found  to  contain  degener- 
ated fibers.  Jiirgens'^^*  even  goes  so  far  as  to  state  that  gray 
degeneration  is  always  present  in  the  splanchnic  in  true  cases 
of  Addison's  disease.  What  he  found  was  doubtless  broken-down 
chromaffin  cells,  first  described  by  Henle  in  1865,  as  constituents 
of  the  adrenals,  but  which  subsequent  observers  found  also  in  the 
ganglia  adjoining  the  adrenals  in  birds  (Rabl),"*  in  the  splanch- 
nic nerves  of  amphibia  and  reptiles  (Zellnester),""  in  the  gang- 
lia of  the  sympathetic  chain  (Kose),^^''  and  which,  as  shown  re- 
cently by  Wiesel,^^*  are  destroyed  in  Addison's  disease.  Tiz- 
zoni,^^"  Kalendero  and  Babes,^""  and  many  others  have  found 
spinal  lesions,  a  fact  confirmed  experimentally  by  Alezais  and 
Arnaud,^*^  who  found  ascending  degeneration  of  the  lateral 
columns  of  the  cord  in  animals  that  had  survived  sufficiently 
long  removal  of  the  adrenals.  Even  the  pituitary  body  may 
show  lesions.  Thus  Pansini  and  Benenati,^*^  in  a  typical  case 
of  Addison's  disease  in  which  the  whole  cutaneous  surface  was 
a  deep  bronze  color,  found  both  adrenals  in  a  state  of  caseous 
degeneration  and  the  pituitary  body  markedly  enlarged.  This 
hypertrophy,  verified  microscopically,  is  readily  accounted  for 
when  the  organ  is  considered  as  the  governing  center  of  the 
adrenals :  it  was  the  result  of  overactivity,  having  for  its  pur- 
pose to  enhance  the  secretory  activity  of  what  remained  of  the 
diseased  adrenals,  in  order  to  sustain  as  long  as  possible  the 
oxidation  processes  of  the  organism  at  large. 

Briefly,  removal  of  the  pituitary  body  not  only  produces 
symptoms  similar  to  those  that  attend  Addison's  disease  or  fol- 
low removal  of  the  adrenals,  but  when  ascending  degeneration 
occurs  in  Addison's  disease,  it  proceeds  along  the  nerve-paths 
that  unite  the  adrenals  to  the  pituitary  body. 

Acromegaly  is  another  disease  which  emphasizes  the  func- 


"Miirgens:  Deut.  med.  Woch.,  Bd.  xi,  S.  153,  1885;  Berl.  klin.  Wooh.,  Bd. 
xxi,  S.  824,  1884. 

"^Rabl:    Archiv  f.  mikrosk.  Anat,  Bd.  xxxviii,  S.  492,  1891. 

"«  Zellnester:  Sitzungsb.  d.  Kais.  Akad.  v.  Wien,  Bd.  Ixvi,  Abth.  1,  S.  121, 
1872. 

Kose :  Anat.  Anzeiger,  Bd.  xxii,  S.  162,  1902. 
"swiesel:    Zeit.  f.  Heilkunde,  Bd.  xxiv,  S.  257,  1903. 

I'^Tizzoni:  Mem.  della  R.  Acc.  dell  Scienze,  Bologna,  ser  iv,  T.  Ix,  p.  27; 
London  Med.  Recorder,  Feb.  20,  1890. 

18°  Kalendero  and  BabSs:   La  Semaine  mgdicale,  Feb.  22,  1889. 
1"  Alezais  and  Arnaud:    Revue  de  med.,  vol.  11,  p.  283,  1891. 
182  Pansini  and  Benenati:   II  Policlinico,  Apr.  and  May,  1902. 
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tional  relationship  between  the  pituitary  body  and  the  adren- 
als. It  is  especially  interesting  in  this  connection  because  its 
initial  lesion  occurs  in  the  anterior  lobe,  that  to  which  the  test- 
organ  (though  forming  part  of  the  partition)  really  belongs. 
Thus,  while  Massolongo^**  ascribed  acromegaly  to  hyperactivity 
of  this  organ,  Tamburini^**  identified  as  cases  of  true  acrome- 
galy only  those  characterized  by  hypertrophy  and  over-activity 
of  the  anterior  lobe.  This  was  confirmed  by  Harlow  Brooks^*^ 
in  a  study  limited  to  cases  in  which  the  pituitary  had  been 
examined  microscopically,  who  found  in  every  instance  re- 
ported, save  one,  that  the  enlargement  of  the  organ  had  been 
confined  to  the  anterior  lobe. 

With  the  test-organ  of  this  lobe  directly  connected  by 
nerve-paths  with  the  adrenals,  and  the  latter  as  the  source  of 
the  secretion  which  becomes  adrenoxidase  and  sustains  tissue 
metabolism,  and  therefore  nutrition,  we  have  a  normal  ex- 
planation of  the  underlying  cause  of  the  disease,  i.e.,  hypernu- 
trition.  This  feature — though  unexplained  so  far — has  in  fact 
formed  the  basis  of  most  theories  as  to  the  pathogenesis  of  the 
disease.  Dallemagne,^*®  for  instance,  ascribes  it  to  the  presence 
of  trophic  centers  in  various  parts  of  the  nervous  system.  Von 
Eecklinghausen^"^  considered  acromegaly  as  a  trophic  neurosis 
dependent  upon  auto-intoxication.  Mosse  looked  upon  the  dis- 
ease as  a  trophic  neurosis  of  vasomotor  origin.  Klebs^®*  as- 
cribed it  to  over-development  of  the  vascular  system  combined 
with  thymic  hj^peractivity,  etc.  The  effects  of  overnutrition 
are  shown  with  especial  clearness  in  the  acromegalic  giants, 
in  which  the  overgrowth  is  widespread  instead  of  being  re- 
stricted to  the  bones. 

The  familiar  vascular  lesions  of  the  disease  also  indicate 
that  overactivity  of  the  adrenals — due  to  morbid  stimulation 
by  the  test-organ — is  a  prominent  feature  of  the  disease.  In 
a  case  reported  by  Harlow  Brooks,""  the  posterior  pituitary  was 
found  normal  on  microscopical  examination.    Its  connection 

Massolongo:  Riforma  Med.,  vol.  viii,  p.  10,  1892,  and  Centralbl.  f. 
Nervenh.,  Bd.  xviii,  S.  281,  1895. 

Tamburini :    Rivista  sper.  di  fren.,  p.  559,  1894,  and  414,  1895. 
Harlow  Brooks:   Loe.  cit. 

Dallemagne :    Arch,  de  med.  exp.,  T.  vii,  p.  589,  1895. 
1"  Von  Recklinghausen:    Arch.  f.  path.  Anat..  Bd.  cxix,  S.  36,  1890. 
1^  Mosse:    Mercredi  medical,  Sept.  11,  1895. 
'*»Klebs:    "Allgemeine  Pathologie,"  Bd.  ii,  1889. 
180  Harlow  Brooks :   Loc.  cit. 
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with  the  infundibulum  was  normal,  "though  the  remainder  of 
the  pituitary  body,"  says  the  author,  was  "made  of  the  enlarged 
anterior  lobe."  It  proved  to  be  gliomatous,  and  made  up  en- 
tirely of  chromophilous  cells,  the  typical  structure  of  the  an- 
terior lobe,  and  was  the  seat  of  the  changes  "found  early  in  the 
development  of  acromegaly  and  which  are  most  essential  in  its 
production."  We  thus  have  a  typical  case  in  which  the  test- 
organ  lobe  is  alone  diseased.  Now,  the  vascular  lesions  were 
also  typical  of  acromegaly.  Examined  histologically,  the  small 
arteries  showed  hyperplasia,  proliferation  of  the  endothelial 
cells  of  the  intima,  etc., — all  signs  of  active  engorgement — and 
the  large  ones  fibrous  thickening.  With  overactivity  of  the 
test-organ  as  the  source  of  correspondingly  energetic  stimuli 
to  the  adrenals,  this  morbid  process  is  clearly  explained:  an 
excessive  amount  of  adrenal  secretion,  i.e.,  adrenoxidase,  is  con- 
tinuously present  in  the  blood,  and  the  vascular  walls,  receiving 
such  blood  through  their  vasa  vasorum,  are  the  seat  of  hyper- 
plasia, proliferation,  etc.  In  the  larger  vessels  this  morbid 
process,  owing  to  the  greater  blood-supply,  is  pushed  beyond 
this  stage,  i.e.,  to  that  of  fibrosis.  The  enlargement  of  the  ex- 
tremities, bones  and  soft  tissues,  including  the  proliferation  of 
capillaries,  and  the  hypertrophy  of  the  muscles  during  the 
erethic  stage,  are  normal  sequences  of  such  a  process,  the  capil- 
lary system  being  not  only  constantly  gorged  with  blood,  owing 
to  the  state  of  contraction  to  which  both  the  arteries  and  veins  are 
submitted,  but  with  blood  whose  oxygenizing  properties  exceed 
the  normal.  The  general  symptoms  of  Brooks's  case  plainly 
indicate  excessive  peripheral  hypergemia,  viz.,  hypergesthesia, 
"hot-flesh,"  as  expressed  by  the  patient,  polyuria,  etc.  Glyco- 
suria was  likewise  present,  a  symptom  clearly  traceable,  as  shown 
below,  to  overactivity  of  the  adrenal  center — the  test-organ  of 
the  anterior  pituitary. 

The  strength  of  this  conception  of  the  pathogenesis  of 
acromegaly  is  sustained  indirectly  by  the  fact  that  this  phase  of 
the  problem  has  remained  obscure.  Beyond  the  facts  that  it 
is  essentially  a  trophic  neurosis,  and  that  this  is  due  "to  re- 
markable changes  in  the  pituitary,"  i.e.,  Marie's  "pituitary 
hypothesis,"  nothing  is  known  of  the  manner  in  which  general 
nutrition  is  influenced  by  this  organ. 
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In  brief,  with  the  anterior  lobe  as  the  adrenal  center  and 
as  the  seat  of  the  primary  lesions  in  acromegaly,  we  have  a 
normal  explanation  of  the  hypertrophic  processes  which  charac- 
terize this  disease,  since  overactivity  of  the  pituitary  by  produc- 
ing a  corresponding  overactivity  of  the  adrenals,  causes  the 
presence  in  the  blood  of  an  excess  of  adrenoxidase,  the  dynamic 
principle  in  tissue  metabolism  and  nutrition. 

Glycosuria,  we  have  just  seen,  was  present  in  Brooks's  case, 
in  which  the  anterior  lobe,  the  seat  of  the  test-organ,  was  alone 
diseased.  M.  Loeb^"^  pointed  out  in  1884  that  glycosuria  was 
a  frequent  accompaniment  of  tumors  of  the  pituitary  body.  A 
more  recent  study  of  the  literature  of  acromegaly  led  him  to 
conclude  that  the  association  of  this  disease  with  glycosuria 
could  not  be  accidental.  He  found,  moreover,  that  glycosuria 
did  not  occur  during  the  post-operative  life  of  animals  from 
which  the  pituitary  body  had  been  removed,  a  fact  which  indi- 
cates that  it  is  due  to  over-activity  of  the  organ  and  not  to  in- 
sufficiency. Marie  observed  it  in  one-half  of  the  cases  he  ex- 
amined. Guy  Hinsdale^''"  states  that  the  urine  often  contains 
sugar  and  refers  to  fourteen  authors  who  had  observed  the 
symptom.  In  sixteen  cases  of  diabetic  acromegaly  the  records 
of  which  were  studied  by  Launois  and  Eoy^"^  a  tumor  of  the 
pituitary  was  always  found.  In  every  instance  the  presence 
of  the  pituitary  neoplasm  had  been  confirmed  post-mortem. 
Schlesinger^^*  also  emphasized  the  frequent  coincidence  of 
acromegaly  and  diabetes,  having  observed  the  latter  in  three 
consecutive  cases  of  his  own. 

As  a  result  of  these  observations,  investigators  have  been 
driven  to  the  conclusion  that  a  "diabetic  center"  must  exist  in 
the  neighborhood  of  the  pituitary.  "The  theory  of  Loeb,"  write 
Launois  and  Eoy,^*^  in  this  connection,  that  of  "compression 
by  the  pituitary  tumor  upon  adjoining  parts,  seems  in  accord 
with  clinical  observations  (Finzi,  Strumpell),  and  with  an  ex- 
perimental fact  recorded  by  Caselli.^®"  A  glycogenic  center  is 
supposed  to  exist,  apparently  in  the  region  of  the  tuber  cin- 

"1 M.  Loeb:   Centralbl.  f.  inn.  Med.,  Sept.  3,  1898. 

192  Guy  Hinsdale:    "Acromegaly,"  Detroit,  1898.  ■ 

"3  Launois  and  Roy:    C.  r.  de  la  See.  de  biol.,  vol.  !v,  p.  382,  1903. 

Schlesinger:   Wiener  klin.  Rundschau,  Apr.  15,  1900. 

Launois  and  Roy:    hoc.  cU. 

Caselli:  hoc.  cit. 
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ereum,  which  is  abundantly  supplied  with  highly  organized  nerv- 
ous elements  (Caselli)."  The  cause  of  the  glycosuria  is  self- 
evident  in  view  of  the  fact  that  the  path  from  the  test-organ  to 
the  adrenals  lies  in  the  tuber  cinereum :  Caselli's  experimental 
excitation  of  this  structure,  therefore,  provoked  glycosuria  be- 
cause it  stimulated  the  adrenals. 

A  similar  procedure  in  the  course  of  the  pituitero-adrenal 
path  in  the  medulla  likewise  causes  glycosuria.  Claude  Ber- 
nard's puncture  is  a  familiar  proof  of  the  fact.  "Bernard," 
says  Schafer,^"^  discovered  "that  certain  lesions  of  the  central 
nervous  system,  and  especially  a  puncture  in  the  region  of  the 
floor  of  the  fourth  ventricle,  which  corresponds,  as  we  now  Imow, 
very  nearly  to  the  position  of  the  vasomotor  center,  produces  a 
condition  of  glycosuria."  The  glycogenic  impulses  evidently 
pass  downward,  for  as  shown  by  Chauveau  and  Kaufmann,^"** 
division  of  the  spinal  cord  in  the  cervical  and  upper  dorsal  re- 
gions prevents  the  diabetes  caused  by  removal  of  the  pan'creas. 
The  same  procedure  had  already  been  found  by  Bernard  to 
cause  hypoglycgemia.  These  are  all  normal  results  in  view  of 
the  fact  that,  as  I  pointed  out  in  the  preceding  chapter,  the 
nerves  to  the  adrenals  pass  down  the  cord,  leave  the  latter  in  the 
three  upper  dorsal  nerves  to  enter  the  sympathetic  chain,  and 
then  the  splanchnic.  Such  being  the  case,  however,  division 
of  the  splanchnic  should  likewise  arrest  glycosuria.  Landois^®'* 
says  in  this  connection:  "It  is  a  remarkable  fact  that  glyco- 
suria, when  present,  can  be  removed  by  division  of  the  splanch- 
nic nerves."  Even  the  glycosuria  caused  by  Claude  Bernard's 
puncture  can  be  arrested  by  this  procedure,  an  observation  con- 
firmed by  Eckhard,  Kaufmann^""  and  others. 

Finally,  as  is  now  well  known,  the  adrenal  extract,  as  shown 
by  Blum,=^»i  Croftan,202  Metzger,^"^  Herter,^"*  and  others, 
causes  glycosuria  when  injected  subcutaneously,  endovenously, 
or  into  the  peritoneal  cavity.  Herter^"^  found  also  that  intra- 
venous injections  of  adrenalin  were  followed  by  a  large  excre- 

1"  Schafer:   Loc.  cit.,  vol.  i,  pp.  926,  927. 

Chauveau  and  Kaufmann:    C.  r.  de  la  Soc.  de  biol.,  p.  29,  1893. 
i»»Liandois:    Loc.  cit.,  p.  315. 

=»»  Kaufmann:    C.  r.  de  la  Soc.  de  biol.,  p.  284,  1894. 

Blum:    Deutsch.  Archiv  f.  Med.,  Bd.  Ixxi,  Nu.  2  u.  3,  S.  146,  1901. 
soacroftan:    Amer.  Med.  Jan.  18,  1902. 
2<>»Metzger:    Miinch.  Med.  V^^och.,  Bd.  xllx,  S.  478,  1902. 

Herter:    Med.  News,  Oct.  25,  1902. 
»"SHerter:    Amer.  Med.,  May  10,  1902. 
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tion  of  sugar  and  that  "a  rise  of  blood-pressure  is  an  accom- 
paniment of  glycosuria" — the  former  phenomenon  being,  as  is 
well  known,  a  characteristic  effect  of  adrenal  extract.  The 
adrenal  secretion  proper  is  doubtless  able  to  produce  a  similar 
effect,  for  Herter  and  Wakeman^"®  ascertained  experimentally 
that  compression  of  the  adrenal  glands  [thus  increasing  the 
secretion]  is  followed  by  glycosuria;  while  their  exclusion,  by 
extirpation  or  ligation  of  their  vessels,  is  followed  by  a  con- 
siderable fall  of  the  sugar-content  of  the  blood."  Kauf- 
man^*"^  found,  moreover,  that  ligation  of  the  inferior  vena 
cava  caused  a  rapid  diminution  of  sugar  both  in  normal  glycae- 
mia  and  in  glycosuria.  We  have  seen  that  it  is  in  the  blood 
of  this  great  vessel  that  the  adrenals  secrete  their  product. 

This  evidence,  in  the  light  of  the  facts  previously  sub- 
mitted, speaks  for  itself:  Acromegaly  gives  rise  to  glycosuria 
because  the  diseased  organ,  the  anterior  pituitary,  stimulates 
excessively  the  adrenals,  the  secretion  of  which  has  been  shown 
experimentally  to  cause  glycosuria.  This  affords  additional 
proof  to  the  effect  that  the  adrenals  are  governed  by  the  an- 
terior lobe  of  the  pituitary  body  through  the  intermediary  of  a 
direct  nerve-path. 

On  the  whole,  the  evidence  presented  in  the  present  sec- 
tion appears  to  me  to  warrant  the  following  conclusions : — 

1.  The  thermogenic  {or  heat)  center  and  the  respiratory  {or 
polypnwic)  center  are  not,  as  believed  by  some  observers,  located 
in  the  tuber  cinereum,  the  bulb,  or  the  spinal  cord,  the  thermo- 
genic areas  in  these  regions  being  but  subsidiary  centers — if  any- 
thing but  thermogenic  nerve-paths — of  which  the  bulbar  are  the 
most  important. 

2.  The  thermogenic  center  is  located  in  the  partition  be- 
tween the  two  lobes  of  the  pituitary  body,  and  in  mammals  is 
the  highly  developed  homologue  of  the  test-organ  or  osphradium 
of  lower  forms.  As  such  it  is  the  governing  center  of  the  adren- 
als, its  nerve-path  to  these  organs  being  as  follows:  from  the  test- 
organ  to  the  posterior  lobe  of  the  pituitary  and  thence  upivard 
to  the  tuber  cinereum;  along  this  structure  to  the  pons  and  bulb, 
and  down  the  spinal  cord  to  the  first,  second  and  third  dorsal 


Herter  and  Wakeman:  Amer.  Jour.  Med.  Sci.,  Jan.,  1903. 
^Kaufmann:   Arch,  de  physiol.,  T.  viil,  p.  150,  1896. 
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nerves;  thence  to  the  sympathetic  chain;  down  this  chain  to  the 
greater  splanchnic  nerves  in  which  it  reaches  the  suprarenal 
plexus  and  through  it  the  adrenals. 

3.  The  respiratory  center  is  located  in  the  posterior  or  neu- 
ral lobe  of  the  pituitary  body  and  represents  therein  the  aggre- 
gate of  nuclei  which  are  themselves  the  chief  centers  of  all  the 
cranial  nerves  that  govern  the  respiratory  muscles. 

4.  The  nerve-chains  from  the  respiratory  center  pass  up- 
ward to  the  supra-infundibular  nucleus,  and  thence  posteriorly 
to  the  bulb,  where  they  become  merged  with  the  (subsidiary) 
centers  of  the  various  cranial  nerves  which  govern  the  functions 
of  the  respiratory  muscles. 

Jacques  Loeb's  prediction  that  "through  the  oxidases  one 
may  in  time  be  able  to  control  life  as  the  artist  governs  the  keys 
of  the  piano,"  and  his  belief  that  "not  merely  the  normal  course 
of  life,  but  also  that  vast  gamut  of  diseases  characterized  by 
metabolic  derangements,  might  be  controlled  if  we  only  knew 
how  to  favor  or  retard  the  action  of  the  oxidases,"  are  afforded 
a  foundation  in  the  views  submitted  in  the  present  and  fore- 
going chapters.  Selecting  only  out  of  the  various  functions  I 
have  pointed  out  those  that  bear  directly  upon  this  feature  of  the 
general  problem,  this  foundation  may  be  said  to  consist  of  the 
following  facts: 

1.  Adrenoxidase  is  an  aggregate  of  the  body's  oxidases,  and 
the  dynamic  principle  in  metabolism  and  therefore  of  the  vital 
process.  It  follows,  therefore,  that  adrenoxidase  (the  oxidases) 
is  the  agent  through  which  life  may  be  controlled. 

2.  Adrenoxidase  is  the  oxygen-laden  secretion  of  the  adren- 
als, while  these  organs  are,  in  turn,  governed  through  a  nerve- 
path  whose  center  is  located  in  the  pituitary  body.  Hence,  it  is 
the  center  of  the  adrenals  in  the  pituitary  body  which,  through 
the  adrenals  and  their  adrenoxidase-forming  secretion,  controls 
life. 

3.  The  adrenal  center  is  primarily  a  sensory  organ  and  the 
homologue  of  the  "test-organ"  which  in  the  lower  chordata 
serves  to  test  the  "respiratory  fluid"  and  thereby  to  protect  these 
animals  "against  the  intrusion  of  noxious  substances."  As  in  the 
higher  chordata,  including  man,  the  "respiratory  fluid"  is  the 
blood,  it  follows  that  the  adrenal  center  is  an  organ  having  for 


THE  PITUITARY  AS  SEAT  OF  ADRENAL  AND  HEAT  CENTERS.  1025 

its  purpose  to  test  the  blood  and  protect  it  against  the  intrmion 
of  noxious  substances. 

4.  Adrenoxidase  embodying,  as  it  does,  the  ferment  of  fer- 
ments, it  is  the  dynamic  principle  of  tissue  metabolism.  The 
proportion  of  adrenoxidase  in  the  blood  being  governed  by  the 
adrenal  center,  it  follows  that  noxious  substances  introduced  into 
the  blood  can,  by  provoking  a  reaction  of  the  adrenal  center,  erv- 
hance  the  activity  of  metabolic  processes. 

5.  While  the  adrenal  center  is  the  thermogenic  or  heat  cen- 
ter, adrenoxidase,  as  the  dynamic  principle  of  metabolism,  sup- 
plies the  oxygen  which,  by  combining  with  the  phosphorus  of  nu- 
cleins,  liberates  the  bulk  of  the  body's  heat  energy.  Fever  being 
the  expression  of  an  excess  of  heat  energy  thus  produced,  the 
adrenal  center  is  also  the  governing  center  of  the  febrile  pro- 
cess. It  follows  that  inasmuch  as  we  can  therapeutically  {all 
drugs  being  toxics  as  far  as  the  test-organ  is  concerned)  increase 
or  abate  fever,  we  can  also  control  tissue  metabolism  and  its 
derangements. 

The  test-organ  is  thus  the  key-board  through  which  we  can 
"favor  or  retard  the  action  of  the  oxidases,"  i.e.,  the  vital  process 
itself. 

General  Remarks. — Landois  in  the  last  American  edition 
of  his  text-book  of  Physiology  (1905)  states  that  "hut  little  is 
known  concerning  the  function  of  the  pituitary"  and  devotes 
nine  lines  to  this  organ.  Few  works  on  physiology  published 
within  the  last  two  years  give  the  subject  more  than  one  page. 
Leonard  Hill,  in  his  "Eecent  Advances  in  Physiology  and  Bio- 
Chemistry"  (1906),  omits  the  subject  altogether.  This  affords 
an  idea  of  the  scant  attention  given  to  the  pituitary  body  at  the 
present  time  in  works  upon  which  the  practitioner  must  depend 
for  his  knowledge  of  normal  functions,  when  he  attempts  to 
elucidate  morbid  processes,  the  body's  auto-protective  resources, 
and  the  physiological  action  of  drugs. 

Need  we  wonder  at  his  inability  to  do  so  ? 

"In  spite  of  the  extraordinary  keenness  of  diagnostic  power 
which  has  been  developed  in  internal  medicine,  the  painfully 
exact  studies  in  pathological  histology  and  in  physiological  and 
pathological  chemistry,  the  wide-spread  activity  in  pharmaco- 
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logical  and  pharmocodynamical  experiment  and  the  indefatigable 
efforts  of  the  manufacturing  chemist  to  supply  new  drugs,"  says 
Barker/"^  "the  view  is  prevalent  and  rightly  so,  that  in  the  treat- 
ment of  internal  diseases  we  have  more  to  hope  for  the  future 
than  to  entrust  to  the  present."  Eeferring  to  Skoda's  dictum 
"We  can  diagnose  disease,  describe  it  and  get  a  grasp  of  it,  but 
we  dare  not  expect  by  any  means  to  cure  it,"  he  adds :  "In  such 
a  temper  drugs  of  unknown  physiological  action  cannot  con- 
scientiously be  set  to  act  upon  bodily  tissues  in  disease  in  which 
we  are  ignorant  of  the  deviation  from  the  normal  of  the  chemical 
and  physical  processes  going  on  in  the  cells.  The  death-blow 
came  first  to  polypharmacy;  to-day,  with  many,  pharmaco- 
therapy, as  a  whole,  is  almost  moribund." 


Barker:   Johns  Hopkins  Hosp.  Bull..  July,  Aug.,  1900. 
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XVII. 


THE   LEUCOCYTES,   PITUITAEY,   THYEOID,  PARA- 
THYROIDS,  AND  ADRENALS,  AS  THE  FUNDA- 
MENTAL ORGANS  IN  PATHOGENESIS,  IMMU- 
NITY AND  THERAPEUTICS. 

THE  LEUCOCYTES  AS  THE  DISTRIBUTORS  OF  REMEDIES 
AND  POISONS. 

In  the  first  volume  of  the  present  work  and  elsewhere,'^  I 
pointed  out  that  the  anterior  pituitary  was  the  governing  cen- 
ter of  the  body's  auto-protective  or  immunizing  mechanism,  and 
that  by  means  of  our  remedies  its  functional  activity  could 
be  enhanced  at  will,  and  thus  caused  to  activate  the  antitoxic 
properties  of  the  blood.  An  eminent  French  clinician,  Hayem,^ " 
wrote  recently:  "Therapeutic  weapons  are  wanted  which  will 
reinforce  the  defensive  power  of  the  organism  by  increasing  the 
functional  activity  of  the  leucocytes  or  by  developing  chemical 
antidotes" — the  trend  of  our  day  being  in  harmony  with  Hippo- 
crates's  belief  in  the  vis  medicatrix  natures.  That  this  is  pre- 
cisely the  underlying  thought  of  my  own  doctrine  is  self-evi- 
dent; but  it  does  what  no  other  doctrine  has  done:  it  points 
to  the  identity  of  Nature's  mechanism  and  to  the  means  she 
adopts  to  attain  her  object. 

We  have  reviewed  the  main  features  of  this  mechanism. 
We  have  seen  that  the  pituitary  contains  a  test-organ  related 
by  nerve-paths  with  the  adrenals,  which  in  turn  govern,  through 
their  secretion,  the  activity  of  all  metabolic  processes  in  the 
blood  as  well  as  in  the  tissues.  As  the  thermogenic  center, 
this  test-organ  also  presides  over  the  febrile  process — which  is 
but  an  exacerbation  of  catabolic  activity,  raising  it  when  need 
be — to  destroy,  not  only  tissiae-wastes,  but  all  toxic  substances 
which  adventitiously  gain  access  to  the  blood-stream.  The 
process  through  which  the  protective  activity  of  the  test-organ 

'  Sajous:  Monthly  Cyclo.  of  Pract.  Med.,  Jan.,  1903;  Phila.  Med.  Jour., 
Mar.  7.  1903. 

'^Hayem:   Presse  medicale,  Aug.  12,  1903. 
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is  awakened  suggests  itself  as  the  next  question  in  point,  but 
before  it  can  be  taken  up  an  important  feature  must  receive 
attention,  viz.,  the  manner  in  which  the  substances  which  pro- 
voke this  reaction  enter  the  blood  and  reach  the  tissues.  As 
drugs  and  poisons  are  identical  as  far  as  the  test-organ  is  con- 
cerned— both  being  noxious  agents — the  absorption  and  dis- 
tribution of  drugs  will  serve  to  illustrate  the  same  processes  in 
the  case  of  poisons. 

We  have  seen  that  leucocytes  take  up  food-products  from 
the  intestine  to  convert  them  into  granulations  which  they 
carry  to  all  tissues  and  deposit  therein.  I  showed  furthermore, 
in  the  fifteenth  chapter,  that  these  granulations  not  only  pene- 
trate all  cells,  but  that  they  become  part  of  their  structure. 
That  ingested  drugs  or  poisons  should  also  be  taken  up  from 
the  intestinal  canal  by  leucocytes  and  distributed  to  the  various 
tissues  is  shown  by  the  fact  that  MacCallum  traced  leucocytes 
which  had  englobed  albuminate  of  iron  in  the  intestine  to  the 
spleen,  liver,  etc.,  an  experiment  repeated  successfully  by  other 
investigators  with  proteids  and  other  food  materials.  This 
applies  as  well,  as  far  as  distribution  is  concerned,  to  drugs  in- 
jected subcutaneously  or  directly  into  the  blood:  they  are 
more  or  less  promptly  engulfed  or  absorbed  by  leucocytes  and 
distributed  to  various  parts  of  the  organism. 

"Kecent  experiments  in  France  show,"  says  an  editorial 
writer,^  "that  leucocytes  fulfill  a  very  important  function  in 
distributing  medicinal  drugs  to  all  parts  of  the  body.  .  .  .  This 
is  shown  by  various  experiments.  Here,  for  instance,  is  a  rab- 
bit under  whose  skin  is  injected  a  little  strychnine  or  atropine. 
At  the  end  of,  say,  half  an  hour,  some  of  the  blood  is  drawn 
off  and  divided  by  centrifugal  treatment  into  its  three  parts — 
leucocytes,  red  globules,  and  plasma.  Equal  quantities  of  each 
are  injected  into  three  animals,  and  it  is  seen  that  the  one  that 
receives  the  leucocytes  is  poisoned,  while  the  others  are  not. 
The  leucocytes  transfer  these  drugs  from  one  part  of  the  body  to 
another,  and  this  is  their  greatest  utility.  It  is  the  more  so 
that  the  place  where  they  transport  these  substances  varies 
according  to  circi;mstances.  In  normal  conditions — that  is,  in 
health — the  leucocytes  carry  the  drug  to  the  liver  and  mar- 


3  Editorial:   Cleveland  Med.  and  Surg.  Reporter,  Aug.,  1904. 
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row.  In  illness  they  carry  it  to  the  affected  points,  to  the  cen- 
ters of  irritation,  where  the  arrival  of  the  leucocytes  is  most 

desirable  But  we  can  depend  on  them  to  carry  iron  to 

the  blood-making  organs,  iodoform  to  tuberculous  lesions,  sali- 
cylate of  soda  to  affected  points,  etc  There  is  another 

fact  that  must  be  taken  into  account:  the  leucocytes,  it  is 
true,  carry  drugs  to  affected  points,  but  they  carry  them  also, 
with  special  insistence,  to  certain  organs.  Different  organs 
attract  different  drugs;  the  liver,  iron;  the  thyroid  gland, 
arsenic  and  iodine;  while  the  skin,  the  spleen,  the  lymphatic 
ganglia,  and  other  organs  seem  to  constitute  regions  of  choice 
for  several  chemical  substances."  Indeed,  Morel*  found  that 
finely  powdered  nux  vomica  was  engulfed  by  leucocytes  as  well 
as  any  other  substance  foreign  to  the  blood.  Besredka,'^  having 
injected  a  soluble  salt  of  arsenic  into  rabbits,  found  analytically 
that  while  the  red  cells  and  the  plasma  contained  none,  the 
leucocytes  had  absorbed  it.  Silver  salts  also  were  found  to  be 
ingested  by  leucocytes  by  Samoiloff."  MonteF  obtained  a  sim- 
ilar result  with  sodium  salicylate.  Lombard*  obtained  corres- 
ponding results  with  atropine  and  strychnine.  Marcel  Labbe 
and  Lortat- Jacob"  injected  iodides  subcutaneously  and  into  the 
peritoneum  and  found  that  leucocytes  absorbed  these  salts. 
Calmette  obtained  similar  results  with  atropine;  Metchnikoff, 
with  soluble  iron;  Stassano,  with  mercurial  salts ;  Neisser,  with 
an  oleate  of  calomel;  Carles,^"  with  ferrous  iodide  and  other 
preparations  of  iron,  colloidal  silver,  morphine,  olive  oil,  rhu- 
barb, and  biniodide  of  mercury ;  Lancelin^^  and  Lombard,  with 
morphine,  etc. 

Can  we  accept  as  sound,  however,  the  belief  that  leucocytes 
modify  their  itinerary,  so  to  say,  when  a  given  area  is  diseased 
and  carry  to  that  area  drugs  that  may  be  beneficial  to  it  ? 
M.  Labbe^^  states  that  "while  cinnabar  injected  into  the  circu- 
lation is,  in  normal  animals,  taken  to  the  liver,  the  bone-mar- 

*  Morel:    "Recherches  experimentales  sur  les  leucocytes,"  Paris,  1892-98. 
^  Besredka:   Ann.  de  I'lnst.  Pasteur,  T.  xili,  pp.  49,  209,  1899. 
"  Samoiloft:   Lubarsch  u.  Ostertag,  "Ergebnisse  der  allg.  Path.,  etc.,"  Bd. 
iv,  S.  107,  1899. 

'Montel:    "Th6se  de  Bordeaux,"  1900-1901. 
8  Lombard:    Th^se  de  Paris,  1901. 

»  Marcel  Labbe  and  Lortat- Jacob:   C.  r.  de  la  Soc.  de  biol.,  July  4,  p.  830, 

1902. 

10  Carles:    "Du  role  des  leucocytes  dans  I'absorption,  etc.,"  1904. 

"^Lancelin:    Th&se  de  Bordeaux,  1902. 

^  M.  Labbe:    Presse  medicale,  Aug.  10,  1904. 
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row,  etc.,  (Cohnheim,  Ponfick,  etc.),  in  diseased  animals  it  is  de- 
posited in  the  morbid  foci  (Schiiller,  Kibbert,  Orth,  Wyssoko- 
witch)."  It  is  upon  this  principle  that  Landerer  based  his 
theory  that  sodium  cinnamate  reached  the  pulmonary  foci  in 
tuberculosis;  that  mercury  is  believed  to  seek  out  syphilitic 
eruptions,  that  iron  adjusts  itself  to  haematopoietic  organs  in 
anaemia,  that  iodoform  proceeds  at  once  to  tubercular  regions, 
that  sodium  salicylate  selects  the  joints,  etc.  The  drug-laden 
leucocyte  is,  according  to  this  view,  capable  of  intelligently  and 
wilfully  selecting  the  area  to  which  it  is  to  proceed ;  or,  it  can  be 
drawn  to  the  morbid  focus  through  chemiotaxis;  or,  again, 
owing  to  the  vulnerability  of  such  a  focus  to  bacterial  invasion, 
it  can  be  attracted  thereby,  as  are  other  phagocytes,  irrespective 
of  their  contents.  Analysis  of  the  question  shows  that  while 
there  can  be  no  doubt  that  leucocytes  take  up  drugs  as  they  do 
any  useless  or  noxious  agent  that  appears  in  the  blood,  the  belief 
that  they  are  specifically  attracted  to  any  diseased  focus  because 
they  happen  to  contain  a  substance  that  may  be  beneficial  to  it 
is  erroneous. 

The  observations  of  Schiiller,  Ribbert  and  others,  that  cin- 
nabar, which,  in  normal  animals,  is  distributed  in  the  liver, 
bone-marrow,  etc.,  is  deposited  in  the  morbid  foci  in  diseased 
animals,  only  prove  that  local  leucocytosis  has  occurred — a  com- 
mon phenomenon  observed  even  in  the  absence  of  any  drug 
in  the  organism.  This  means  only  that  leucocytes  laden  with 
the  drug  in  more  or  less  great  numbers  are  diverted  from  their 
normal  haunts  to  invade  the  diseased  area  to  act  as  phagocytes, 
to  sustain  nutrition,  rebuild  tissue,  etc.  That  the  drug-laden 
leucocytes  travel  everywhere  is  moreover  shown  by  the  fact 
that  in  the  experiments  of  Lombard,  Calmette  and  Besredka, 
the  blood  examined  was  taken  from  the  general  circulation,  and 
its  leucocytes  were  found  to  contain  the  drugs  injected.  On 
the  other  hand,  Landerer,^^  referring  to  Schiiller,  states  that 
"he  found  cellular  deposits  in  predominating  numbers  in  in- 
flamed or  injured  areas,"  simply  meaning  thereby  an  excess  of 
leucocytes  as  compared  to  other  regions. 

A  very  interesting  phase  of  the  problem  presents  itself  in 
this  connection,  viz.,  additional  proof  that  leucocytes  secrete 


"  Landerer:   "Le  traitement  de  la  tuberculosa,"  1899. 


LEUCOCYTES  AS  DISTRIBUTORS  OF  POISONS  AND  REMEDIES.  1031 

the  products  they  absorb  as  they  do  their  nucleo-proteid  gran- 
ules in  the  tissues — drugs,  more  or  less  modified,  replacing  the 
nutrient  particles,  and  being  secreted  automatically  in  lieu  of 
the  latter. 

Carles^*  injected  subcutaneously  fine  grains  of  carmine  in 
the  leg  of  a  frog,  then  cut  slightly  the  foot  of  the  opposite  side 
and  introduced  small  pieces  of  glass  in  the  wound.  Fifteen 
hours  later  the  latter  was  found  to  contain  a  large  number  of 
leucocytes  stuffed  with  carmine.  Another  incision  on  the  op- 
posite side,  led  to  a  similar  result  after  twelve  hours.  This 
experiment  was  repeated  several  times  with  the  same  result, 
the  injections  being  made  in  different  parts  of  the  body.  Car- 
mine-laden leucocytes  were  also  found  in  the  liver.  Cohnheim 
resorted  to  the  same  procedure  forty  years  ago;  carmine  in- 
jected in  the  lymphatic  sac  of  frogs  appeared  in  the  leucocytes 
in  an  ulcerated  cornea.  Carles  then  tried  the  experiment  with 
sulphide  of  mercury  and  collargol,  with  the  same  result.  He 
attributes  these  phenomena  to  chemiotaxis;  but  interpreted 
from  my  standpoint,  it  is  due,  as  stated  above,  to  a  less  obscure 
process,  i.e.,  the  function  of  the  leucocytes  to  carry  to  the  tis- 
sues as  nutrient  material,  whatever  they  absorb  and  digest,  and 
in  greater  quantities  to  diseased  tissues  to  facilitate  the  pro- 
cess of  repair. 

This  is  further  shown  by  the  fact  that  leucocytes  migrate 
through  the  walls  of  vessels  to  reach  the  tissue-cells  and  deposit 
their  load  therein,  whether  this  be  composed  of  nutrient  gran- 
ules or  a  drug.  Thus  Stassano  and  Billon,^^  after  injecting 
lecithin  in  frogs,  observed  a  profuse  leucocytosis  of  cells  laden 
with  this  substance.  "A  curious  fact,  however,"  says  Carles, 
referring  to  this  experiment,  "is  that  leucocytes  containing  leci- 
thin are  also  found  outside  the  vessels.  As  true  alimentary 
carriers  they  drop  their  charge,  therefore,  in  the  various  tis- 
sues in  order  to  nourish  them;  they  even  reach  those  that  are 
deprived  of  capillaries  thanks  to  diapedeses" — precisely  as  I  had 
stated  the  previous  year. 

The  leucocytes  may  be  killed,  however,  by  the  drugs  they 
absorb.    Alluding  to  powdered  drugs  of  various  kinds,  Carles 


"  Carles:   Loc.  cit. 

Stassano  and  BiUon:   C.  r.  de  I'Acad.  des  sciences,  p.  623,  1902. 
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states  that  "they  take  them  up  as  well  as  any  other  inert  sub- 
stances, but  that  they  subsequently  die  without  rejecting  them/' 
as  observed  by  Morel  with  powdered  nux  vomica.  Carles  noted 
a  similar  effect  with  rhubarb. 

That  the  substances  or  drugs  absorbed  by  the  leucocytes 
that  are  harmless  to  them  are  actually  secreted  by  them  in  the 
tissues  was  first  observed  by  Schiiller,  who,  as  stated,  observed 
that  they  deposited  a  larger  quantity  of  their  contents  in  dis- 
eased areas  than  elsewhere,  solid  elements  being  reduced  to  a 
state  of  extreme  division.  M.  Labbe^"  also  states  that  "insolu- 
ble drugs  are  absorbed  and  dissolved  in  the  leucocytes"  as 
shown  by  their  influence  on  calomel  and  arsenic.  Besredka, 
having  provoked  tuberculous  abscesses  in  rabbits,  then  in- 
jected arsenic  into  the  animals  at  intervals.  He  found  the  drug 
not  only  in  the  leucocytes,  but  also  in  the  pus  of  the  abscesses. 
Carles  repeated  these  experiments  and  obtained  similar  re- 
sults; he  found  that  mercury  and  copper  followed  the  same 
course  as  the  arsenic — a  fact,  by  the  way,  which  emphasizes 
the  absence  of  specificity  as  far  as  the  distribution  of  the 
drugs  is  concerned.  That  the  leucocytes  secrete  their  granu- 
lations (Hankin,  Kanthack,  Hardy  and  Keng,  Ehrlich,  Hardy 
and  Wesbrook,  and  others)  explains  how  these  drugs,  irrespec- 
tive of  those  derived  from  broken-down  cells  in  the  pus,  are 
deposited  in  the  tissues — precisely,  I  may  add,  as  if  they  were 
nutritive  particles. 

Pathogenic  organisms  may  likewise  be  transported  by  leu- 
cocytes to  any  part  of  the  body  and  initiate  morbid  processes. 
Four  years  ago,^^  in  an  article  opposing  Koch's  views  concern- 
ing the  non-infectivity  in  man  of  bovine  tuberculosis,  I  em- 
phasized the  fact  that  direct  infection  of  the  lungs  can  occur 
through  bacilli  ingested  by  leucocytes  in  the  intestinal  canal, 
and  reached  the  conclusion  that  "contaminated  milk  and  foods 
are,  therefore,  as  active  sources  of  infection  as  air-borne 
germs."  As  is  well  known,  the  bacillus  of  tuberculosis  is  patho- 
genic when  dead,  and  the  endotoxin  is  liberated  when  the  germ 
is  disintegrated.  Landerer,  referring  to  Schiiller's  observa- 
tion^® that  the  contents  of  leucocytes  were  deposited  in  rela- 

"  M.  Labbe:  Loc.  cit. 

"Sajous:  Monthly  Cyclo.  of  Pract.  Med.,  Jan.,  1903;  Phila.  Med.  Jour.,  Mar. 
7,  1903. 

^  Landerer:   Loc.  cit. 
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tively  large  quantities  in  inflamed  or  injured  tissues,  states 
that  these  observations  were  confirmed  as  to  bacteria  by  Ribert, 
Orth  and  Wyssokowitch.  Carles,  who  mentions  these  authors, 
writes  in  this  connection:  "Eecently  acquired  knowledge  of 
the  physiology  of  leucocytes  explains  the  predisposing  role  of 
traumatism  as  to  the  localization  of  Koch's  bacillus.  The 
staphylococcus  (Wyssokowitch,  Orth,  Weichselbaum),  the  pneu- 
mococcus  (Netter,  Banti,  Vanni),  and  many  other  microorgan- 
isms have  since  been  found  to  have  the  same  tendency  to  in- 
vade the  damaged  areas  owing  to  the  chemiotactic  power  of  the 
leucocytes  which  had  ingested  them.  This  fact  has  been  placed 
beyond  question  by  numerous  confirmatory  clinical  and  experi- 
mental facts  (Gabbi,  Tournier  and  Courmont,  Chauveau,  Eosen- 
bach,  Becker).  Widal  and  Eavaut^®  witnessed  a  case  in  which 
a  tuberculous  focus  thus  became  infected  by  the  bacillus  of 
Eberth,  etc. — all  due  doubtless  to  imperfect  phagocytosis  or  to 
the  death  of  the  leucocytes  containing  living  bacteria,  or  dead 
bacteria  containing  endotoxins.  Many  examples  of  this  kind 
are  available  in  literature,  as  every  one  knows. 

Can  we  say  in  the  face  of  this  evidence  that  leucocytes  carry 
drugs  to  the  diseased  sites,  where  their  arrival  "is  most  desir- 
able"? If  such  were  the  case,  how  could  we  account  for  the 
distribution  of  bacteria  and  for  inert  substances  to  the  same 
regions?  That  substances  such  as  iron,  arsenic,  iodide,  phos- 
phorus, etc.,  which  fulfill  a  physiological  role  in  the  organism 
are  taken  by  these  cells  to  the  tissues  where  they  are  stored, 
or  back  to  the  intestinal  canal  for  elimination  if  they  are  not 
required,  is  doubtless  true,  but  that  agents  such  as  mercury, 
sodium  salicylate,  atropine,  opium,  strychnine,  etc.,  which  are 
totally  foreign  to  the  tissue  elements,  should  accumulate  in  any 
morbid  tissue  otherwise  than  as  a  result  of  the  local  leucocyto- 
sis  that  attends  all  morbid  processes  seems  illogical.  This  is 
an  important  feature  from  the  standpoint  of  therapeutics,  for 
while  some  advantage  may  be  derived  from  the  use  of  ap- 
propriate remedies  because  they  must  reach  the  diseased  area 
through  the  intermediary  of  the  leucocytes,  this  does  not  repre- 
sent, as  the  authors  who  have  studied  the  leucocytes  in  this 
connection  seem  to  believe,  the  manner  in  which  drugs — includ- 


Widal  and  Ravaut:   Soc.  mfid.  des  hSpitaux,  Jan.,  1902. 
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ing  those  known  to  be  carried  to  the  morbid  tissues — produce 
their  main  physiological  effects. 

This  is  further  shown  by  the  fact  that  the  effects  of  most 
drugs  (the  exceptions  being  those  such  as  iron,  phosphorus,  etc., 
which  form  part  of  our  tissues)  are  produced  mainly  through 
their  action  on  the  central  nervous  system. 

Digitalis,  for  example,  is  thought — irrespective  even  of  any 
participation  of  the  leucocytes  in  the  process — to  act  directly 
upon  the  heart  muscle,  but  Traube,  in  1871,  showed  that  trans- 
section  of  the  cord  high  up  annulled  its  effects,  and  Boehm*" 
found  that  the  same  procedure  arrested  its  action  when  it  had 
become  manifest.  This  indicates  plainly  that  the  action  of  the 
drug  is  not  direct,  i.e.,  on  the  heart-muscle  itself.  This  may  be 
shown  in  another  way.  Hebdom,-^  for  instance,  found  that 
digitalin  acted  on  an  isolated  heart  when  a  1  to  50,000  solution 
was  used.  But  can  we  assert  that  a  corresponding  dose  in  man 
will  act  in  the  same  way?  The  minimum  estimate  of  the 
quantity  of  blood  in  the  body  of  an  adult  is  13  pounds;  i.e., 
100,000  minims.  This  quantity  would  thus  have  to  contain 
a  full  grain  of  digitalin  to  react  directly  upon  the  heart,  grant- 
ing that  no  waste  occur  either  in  the  stomach,  intestines,  liver, 
or  blood,  before  reaching  that  organ.  Now,  ^/^  grain  of 
Merck's  digitalin,  according  to  Wood,-'  "represents  the  full 
therapeutic  dose."  In  the  blood  this  would  make  a  solution 
of  1  to  200,000,  which  is  inactive  on  the  detached  heart.  Again, 
if  the  view  that  the  dvwg  acts  directly  on  the  heart-muscle  were 
sound,  the  hypodermic  use  of  a  sufficient  quantity  to  make 
Hebdom's  1  to  50,000  solution  should  at  least  be  required.  In 
truth,  a  dose  thus  administered  and  making  a  solution  in  the 
blood  hut  one  thirty-second  as  strong  as  this,  is  a  powerful  one. 
Thus,  Deueher^^  found  that  a  dose  of  digitalis  given  hypo- 
dermically  produced  the  same  effects  as  a  dose  four  times  as 
great  administered  by  the  mouth.  Inasmuch  as  ^/^  grain  of 
digitalin  is  stated  by  Wood  to  produce  the  full  therapeutic  ef- 
fects of  the  drug,  ^/jg  grain  should  thus  provoke  equivalent 
effects  hypodermically.    This  is  equal  to  a  1  in  1,600,000  solu- 


^oBoehm:    Arch.  f.  gesammte  Physiol.,  Bd.  v,  S.  153,  1872. 

2iHebdom:    Skaud.  Arch.  f.  Physiol.,  Bd.  vii,  S.  169,  1898;  Bd.  ix,  S.  1,  1899. 

""Wood:    "Therapeutics,"  eleventh  edition,  1900. 

^^Deueher:    Deutsches  Archiv  f.  klin.  Med.,  Bd.  Iviii,  S.  47,  1897. 
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tion  in  the  blood  mass.  And  yet  this  does  not  allow  for  the 
diminution  of  the  dose  in  the  latter.  Can  we  consistently  ad- 
mit, in  view  of  the  antitoxic  properties  of  the  blood  (especially 
active  in  the  leucocytes)  which  underlie  immunizing  processes 
now  engaging  the  attention  of  the  whole  scientific  world,  that  a 
glucoside  will  suffer  no  chemical  change  ?  Even  if  defibrinated 
blood-serum  be  used  as  a  menstruum  for  digitalin  in  experi- 
ments, such  as  Hebdom's,  on  the  isolated  heart,  the  environ- 
ment of  the  drug  is  greatly  modified  through  the  absence  of 
blood-cells,  fibrin,  etc.  Thus,  variation  of  temperature  provokes 
precisely  contrary  effects.  Masi  showed  that,  while  digitalin 
arrests  the  frog's  heart  in  systole  at  the  normal  temperature,  at 
a  lower  one  it  arrests  it  in  diastole.  Moreover,  how  do  we  know 
that  the  supposed  direct  action  of  the  driig  will  always  mani- 
fest itself  on  the  mammalian  heart  as  it  does  experimentally 
on  the  batrachian?  Masi  found  that  at  identical  temperatures 
digitalin  arrested  the  frog's  heart  in  diastole  and  the  mouse's 
heart  in  systole.  All  this  shows  distinctly  that  the  prevailing 
view  that  digitalis  acts  directly  on  the  heart  cannot  bear  close 
scrutiny.  Indeed,  the  action  of  this  drug  has  remained  obscure. 
"In  our  experiments  upon  the  mammalian  heart,"  writes  H.  C. 
Wood,-*  "we  have  seen  in  the  final  acts  of  digitalis  drama  hap- 
penings so  curious  and  unexpected  that  at  present  no  proposed 
theory  as  to  the  action  of  the  drug  is  sufficient." 

The  drugs  which,  as  shown  in  the  foregoing  pages,  are 
distributed  by  leucocytes — excepting  as  stated,  agents  which 
take  part  in  general  nutrition — also  produce  their  main  effects 
through  the  central  nervous  system.  Thus,  Ciishny^^  states 
that  "atropine  acts  as  a  stimulant  to  the  central  nervous  sys- 
tem and  paralyzes  the  terminations  of  a  number  of  nerves." 
Of  the  aromatic  series  to  which  the  salicylates  belong,  he  also 
says:  "They  are  all  possessed  of  a  more  or  less  marked  action 
on  the  central  nervous  system."  Wood,^"  referring  to  strych- 
nine, writes:  "The  fullest  permissible  doses  stimulate  very 
powerfully  the  respiratory  centers,  and  also  slightly  increase 
blood-pressure  by  stimulation  of  the  vasomotor  centers  and 
probably  also  of  the  heart  itself."    Of  silver,  the  same  author 

2*  Wood:    Loc.  cit. 

^Cushny:    "Pharmacology  and  Therapeutics,"  fourth  edition,  1906. 
""Wood:   "Therapeutics,"  twelfth  edition,  1905. 
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says  the  symptoms  of  poisoning  are  "those  of  gastro-enteritis 
with  violent  disturbance  of  the  nervous  system  due  to  a  direct 
action  of  the  poison  upon  the  cerebrum  and  the  spinal  cord." 
He  also  states  that  ''sometimes  the  influence  of  mercury  falls 
almost  exclusively  upon  the  nervous  system,  and  produces  a 
peculiar  train  of  paralytic  phenomena."  In  his  section  on 
opium  (we  have  seen  that  leucocytes  were  found  to  carry  mor- 
phine to  the  tissues),  Wood  says :  "It  is  undoubtedly  a  stimu- 
lant to  the  spinal  cord;  but  ....  the  cerebrum  in  man  is  so 
infinitely  more  susceptible  to  its  influence  than  is  the  spinal  cord 
that  this  spinal  effect  is  rarely  perceptible  in  man."  The 
physiological  action  of  morphine  emphasizes  strongly  the  ques- 
tion in  point,  for  although  taken  up  and  carried  by  leucocytes 
to  all  parts  of  the  organism,  it  is  only  through  its  action  on  the 
central  nervous  system  that  its  effects,  including  the  relief  from 
pain,  are  produced. 

A  still  more  striking  example  of  this  fact  is  the  physiolog- 
ical action  of  the  coal-tar  antipyretics  and  analgesics,  anti- 
pyrin,  acetanilid,  etc.  Although  these  drugs  are  widely  used  in 
practice,  their  action,  as  stated  by  Cushny,^^  "is  very  imper- 
fectly understood."  Now,  Sawadowski-*  showed  that  removal 
of  the  brain  ahove  the  basal  ganglia,  the  optic  thalami  and  the 
striated  bodies  did  not  prevent  the  action  of  antipyretics.  He 
found,  however,  that  when  these  ganglia  were  detached  from 
the  lower  part  of  the  spinal  system,  the  antipyretics  no  longer 
reduced  fever.  An  important  fact  imposes  itself  in  this  con- 
nection, viz.,  the  experimental  incision  inevitably  destroyed  the 
nerve-paths  from  the  pituitary  body  to  the  upper  spinal  struc- 
ture, and,  therefore,  the  nerve-path  connecting  it  with  the 
adrenals. 

This  evidence,  supplemented  by  that  submitted  in  the  first 
volume  and  in  the  preceding  chapter,  seems  to  me  to  warrant 
the  following  conclusions:  (1)  that  leucocytes,  acting  as  phago- 
cytes, absorb  not  only  food-products  in  the  alimentary  canal  and 
in  the  blood-stream,  but  also  drugs,  poisons  and  pathogenic 
organisms;  (2)  that  whatever  substance  a  leucocyte  engulfs  or 
absorbs,  including  pathogenic  elements,  is  submitted  therein  to 


"Cushny:   hoc.  cit.,  p.  373. 

28  Sawadowski:    Centralbl.  f.  med.  Wissensch.,  Bd.  xxvi,  S.  145,  161,  1888. 
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whatever  action  its  digestive  constituents  may  have  on  that  sub- 
stance, the  product  being  secreted  broadcast  in  the  tissues  as  if 
it  were  invariably  a  nutritive  substance;  (3)  that  if  the  intra- 
cellular digestive  process  be  imperfect  or  if  the  leucocyte  be 
killed  by  them,  living  pathogenic  bacteria  may  thv^  be  dissemin- 
ated by  leucocytes;  (4)  that  drugs  and  poisons  more  or  less 
modified  chemically ,  dissolved,  or  triturated  in  the  leucocytes, 
may  thus  be  distributed  by  them  to  all  tissues;  (5)  that  while 
in  some  instances  this  may  cause  remedies  capable  of  promot- 
ing local  resolution  to  reach  diseased  areas — especially  in  view 
of  the  local  leucocytosis  of  which  such  areas  are  the  seat — this 
does  not  represent  the  process  through  which  drugs,  poisons,  and 
bacterial  toxins  and  endotoxins  produce  their  main  physiological 
effects;  (6)  that  these  physiological  effects  and  the  beneficial 
influence  of  remedies  are  due  mainly  to  their  action  upon  the 
central  nervous  system. 

THE  ANTERIOR  PITUITARY  AS  A  LYMPHOID  ORGAN  IN  WHICH 
THE  PRODUCTS  OF  LEUCOCYTES  AND  ANY  DRUG,  POISON 
OR  TOXIN  THESE  CELLS  MAY  CONTAIN  ARE  EXPOSED 
TO  THE  TEST-ORGAN. 

In  the  preceding  chapter  I  referred  to  the  anterior  lobe  of 
the  pituitary  body  as  an  "organ  of  special  sense,"  owing  to  the 
presence  therein  of  a  sensitive  organ  which  I  assimilated  to  the 
"test-organ"  found  by  zoologists  in  Tunicata,  the  lower  Chord- 
ata  and  other  animals  far  down  in  the  phylogenetic  scale. 
Spengel,  who  first  described  the  structure  in  these  ancestral 
forms,  referred  to  it  as  an  "olfactory  organ"  and  concluded  that 
its  function  was  to  test  the  water  which  supplied  them  with 
oxygen — a  view  now  generally  accepted  by  zoologists.  Gentes, 
we  have  seen,  though  unaware  of  the  fact  that  I  had  attributed 
functions  similar  to  those  of  the  test-organ  to  the  anterior 
pituitary  body — and  probably  of  the  views  of  zoologists  regard- 
ing it — found,  in  the  partition  separating  it  from  the  posterior 
lobe  of  the  higher  mammals,  cat,  dog,  etc.,  a  sensory  organ 
which  could  also  have  been  termed  an  "olfactory  organ,"  since 
its  cellular  elements  recalled  "precisely,"  he  said,  those  of  the 
olfactory  area  of  the  nasal  mucous  membrane.  The  data  con- 
tributed by  zoologists,  my  own — based  on  clinical,  physiological 
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and  histological  investigations — and  those  contributed  by 
Gentes,  harmonize  therefore  in  attributing  to  the  anterior 
pituitary  body — including  its  posterior  wall — besides  the  func- 
tions its  epithelial  elements  subserve,  the  role  of  a  sensory 
organ.  It  is  evident,  therefore,  that  my  opinion  that  the  pur- 
pose of  this  organ  is  to  afford  some  form  of  protection  to  the 
organism,  harmonizes  fully  with  the  teachings  of  several 
branches  of  biological  science. 

In  the  higher  animals,  however,  we  are  no  longer  dealing 
with  a  structure  which,  as  in  the  sea-squirt,  the  mussel,  the 
lancelet,  etc.,  tests  in-going  sea-water;  and  as  their  "respirator}' 
fluid"  is  the  blood,  it  follows  that  whatever  protection  the  test- 
organ  affords  in  these  higher  vertebrates,  including  man,  must 
have  for  its  purpose  to  counteract  the  effects  of  poisons 
brought  thereto  by  the  blood.  Indeed,  as  stated  by  Claude 
Bernard,  the  blood  of  vertebrates  "is  an  internal  medium  in 
which  the  anatomical  elements  live  as  fishes  do  in  water."^'* 

Again,  the  protection  afforded  by  the  test-organ  in  the  in- 
vertebrates is  far-reaching  not  because  the  oxygen  derived  from 
their  respiratory  fluid  is  materially  reduced  when  noxious  ma- 
terials are  present  in  it,  but  because  this  fluid  also  brings  them 
their  food.  Thus,  Amphioxus  buries  its  body  in  the  sand,  the 
mouth  and  its  cirri  protruding  in  the  water  above.  The  latter, 
which  supplies  it  with  its  oxygen,  also  brings  microscopic  plants 
and  debris,  which  pass  downward  into  the  slimy  secretion  of 
its  pharynx,  while  the  water  passes  out  again  through  the  gill- 
slits,  the  respiratory  organs.  The  test-organ  is  so  situated, 
however,  that  any  noxious  substance  entering  either  the  respir- 
atory or  digestive  apparatuses  of  the  animal  comes  into  con- 
tact with  it.  It  is  evident  that  the  purpose  of  the  test-organ  is 
not  so  much  to  protect  the  animal  against  toxic  agents  that  com- 
promise the  purity  of  the  water  as  a  respiratory  fluid  but  as  a 
nutritional  medium. 

This  apparently  militates  against  the  fact  that  in  the 
higher  animals  the  blood  replaces  the  sea-water  as  regards  its 
functional  relations  with  the  test-organ  of  the  pituitary  body, 
since,  in  the  light  of  the  views  I  have  advanced,  it  is  not  the 


2»  Claude  Bernard:  "Legons  sur  les  proprietes  des  tissus  vivants,"  pp.  55 
to  58,  1866. 
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plasma  which  contains  proteids  and  other  food-stuffs,  but  the 
leucocytes.  The  situation  would  seem  further  complicated  by 
the  fact  that,  as  shown  in  the  preceding  section,  poisons  as  well 
as  foods  are  absorbed  in  the  intestinal  canal  and  in  the  blood 
by  these  cells,  and  distributed  by  them  throughout  the  organ- 
ism. If,  as  in  the  invertebrates  or  ancestral  vertebrates  pro- 
vided with  a  test-organ  and  a  water  vascular  system,  poisons 
must  come  in  contact  with  the  test-organ,  in  the  higher  verte- 
brates provided  with  a  blood  vascular  system,  the  leucocytes 
would  have  to  enter  the  pituitary  body  and  secrete  their  toxic 
principles  therein.  That  these  cells,  i.e.,  leucocytes  laden  with 
poisons,  food-products,  etc. — can  penetrate  into  the  anterior 
pituitary  is  shown  in  the  annexed  illustration  of  a  section  of 


POLYNUCLEAR   LEUCOCYTES    IN    THE   INTRAPARENCHYMATOUS  CAPILLARIES 

OF  THE  Anterior  Pituitary.  (Launois.) 

this  organ,  borrowed  from  a  very  able  work  by  Professor  P.  E, 
Launois,  of  Paris,*"  and  intended  to  show  the  presence  of  fat 
globules  (a  normal  result,  from  my  viewpoint,  of  the  fact  that 
they  ingest  fats  in  the  intestinal  villi)  in  what  he  describes  as 
"polynuclear  leucocytes  of  the  blood  in  the  intra-parenchyma- 
tous  capillaries."  It  is  obvious,  therefore,  that  at  least  some  of 
the  leucocytes  whose  function  it  is  to  absorb  food-substances, 
poisons,  etc.,  anywhere  in  the  body  enter  the  anterior  pituitary 
body. 

What  is  the  nature  of  their  relationship  with  the  test- 
organ?    How  can  this  structure  become  influenced  by  the  rela- 

p.  E.  Launois:  "Recherches  sur  la  glande  hypophysaire  de  rhomme," 
Paris,  1904. 
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tively  small  number  of  peptone-  or  poison-laden  leucocytes 
which,  merely  as  casual  cellular  constituents  of  the  blood,  hap- 
pen to  circulate  in  this  organ?  Before  these  questions  can  be 
answered,  certain  features  of  the  prevailing  views  concerning 
the  functions  and  histology  of  the  anterior  pituitary  body 
require  attention. 

The  anterior  pituitary  is  now  considered  as  a  secreting 
gland,  capable,  as  are  the  thyroid  and  adrenals,  of  furnishing  a 
secretion  to  the  blood.  In  the  light  of  my  views,  however,  this 
role  no  longer  belongs  to  the  pituitary  body  in  all  animals  pro- 
vided with  adrenals,  since  I  regard  these  organs  as  offshoots,  so 
to  say,  of  the  anterior  pituitary,  which  assumed  at  a  given  time 
in  the  animal  scale  all  the  secretory  functions  of  the  latter. 
Whether  the  adrenals,  as  in  Sauropsida,  be  closely  connected 
with  the  gonads,  in  Amphibia  with  different  parts  of  the  meso- 
nephros,  in  Teleosts  either  with  the  latter  or  with  the  degen- 
erate pronephros,  etc.,  or  as  in  the  higher  vertebrates,  including 
man,  with  the  fully  developed  kidney,  the  adrenals  are  invari- 
ably connected  by  a  nerve  path  with  the  anterior  pituitary — 
through,  we  have  seen,  the  posterior  or  neural  lobe,  with  which 
it  becomes  merged  during  embryological  development.  The 
purpose  of  this  union  asserts  itself  in  view  of  the  fact — pointed 
out  in  the  preceding  chapter — that  the  neural  lobe  is  the  seat  of 
the  sympathetic  and  other  motor  centers  which  have  as  their 
purpose  to  connect  the  test-organ  with  the  nerve-center  through 
which  its  defensive  functions  (as  regards  the  body  at  large)  can 
be  carried  out,  namely,  the  adrenal  center. 

These  facts  suggest  and  additional  evidence  will  show,  (1) 
that  the  anterior  pituitary  body  is  not  a  secretory  organ,  and 
(2)  that  its  function,  as  previously  emphasized,  is  to  test  the 
quality  of  the  blood  circulating  through  it  and  awaken,  if  need 
be,  a  defensive  reaction  throughout  the  body.  Such  being  the 
case,  the  supposed  "secretory"  elements  of  the  anterior  pituitary 
cannot  be  such.  This  is  further  suggested  by  the  arrangement 
and  structure  of  the  epithelium. 

If  the  organ  were  a  gland,  its  secreting  elements  should 
be  arranged  in  regular  rows  as  in  other  glands,  but  such  is 
not  the  case.  As  is  well  known,  the  anterior  pituitary  is  made 
up  of  convoluted  tubes  or  alveoli.    In  these  structures,  the  cells. 


Fig.  I. 


Fig.  2. 
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THE  EPITHELIUM  DF  THE  ANTERIOR  PITUI- 
TilRY  AS  PARTLT  CDMPDSEE  DF  PHAEDCYTIC 
EFITHELIDIE   CELLS,  [Sajaus.] 

Fig,  1,  EplthElloid  ceUs  in  a  tubETGulDus  lymphatic  gland  a, 
Fig.  2,  Normal  tissue  of  antETinr  pituitary,    PliagDcytic  Epithe- 
lioid  ceIIs  a. 
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although  here  and  there  arranged  in  order,  owing  to  the  con- 
tiguity of  their  tubular  walls  or  stroma,  are  massed  promiscu- 
ously. This  is  made  clear  by  the  cut  reproduced  below,  from  a 
paper  by  Launois  and  Mulon,*^  which  shows  according  to  their 
description,  "siderophile"  and  "eosinophile"  cells.  In  fact, 
Launois  specifically  states  that  they  are  simply  groups  of  cells 
between  which  a  secretion  is  formed.  The  microphotograph 
opposite  page  1046  likewise  emphasizes  this  important  fact. 

On  the  other  hand,  there  is  a  striking  resemblance  between 
the  large  mononuclear  cells  which  constitute  the  supposed  gland- 


Slc 


Irregular  and  Promiscuous  Distribution  of  Cells  in  the  Stroma. 
8tc,  Intercellular  stroma,    t.  Offshoots  from  the  stroma,   c.  Blood 
capillaries,    s,  Siderophile  cells,    e,  Eosinopliile  cells. 

ular  epithelium  of  the  organ  and  the  phagocytic  endothelioid 
cells  found,  for  instance,  in  the  mesenteric  lymph-glands.  To 
emphasize  this  resemblance  I  submit  herewith  two  microphoto- 
graphs,  one  of  an  aggregate  of  such  lymphatic  endothelioid  cells 
from  a  case  of  tuberculosis  of  the  peritoneum  (Fig.  1)  ;  and  one 
of  normal  tissue  from  the  anterior  pituitary  (Fig.  2).  Indeed, 
the  morphological  structure  of  the  pituitary  is  such  as  to  have 
caused  it  to  be  compared  to  a  lymph-gland  by  the  older  investi- 
gators, Monro,  Miiller^'^'  and  others.  Nearer,  however,  to  my 
own  interpretation,  is  that  of  Charles  Eobin,^"  who,  in  1860, 

''Launois  and  Mulon:   Annales  de  gynSc.  et  d'obstet.,  Jan.,  1904. 
»'"Mailer:    Jenaische  Zeitsch.  f.  Naturw.,  Bd.  vii,  S.  327,  1873. 
''"Charles  Robin:    "Dictionnaire  Encyclo.  des  Sc.   M6d."  art.  "Lympha- 
tlques,"  1860. 
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specified  that  the  pituitary  body  did  not  actually  form  part  of 
the  lymphatic  system,  but  that  it  was  a  lymphoid  organ. 

From  my  standpoint,  however,  this  applies  only  to  the 
anterior  lobe.  As  is  well  known,  it  is  bean-shaped  and  the  pos- 
terior lobe  is  incorporated  into  its  hilum.  Bohm,  DavidofE  and 
Huber^^°  state,  referring  to  lymph-glands,  that  "in  shape  they 
are  much  like  a  bean  or  kidney  and  the  indentation  on  one  side 
is  known  as  the  hilum."  Both  the  anterior  pituitary  and  the 
lymph-gland  have  a  fibro-elastic  capsule,  septa  which  divide  the 
organ  into  a  multitude  of  compartments  to  which  the  above- 
named  histologists  refer  as  "medullary  cords"  (Just  as  Launois 
calls  the  tubules  of  the  anterior  pituitary  "cords").  Both  con- 
tain lymph-sinuses.  As  shown  below,  the  anterior  pituitary 
also  contains  what  in  the  lymph-gland  Toldt  termed  a  "terminal 
sinus,"  lined  throughout  with  endothelial  cells,  which  are  con- 
tinuous with  those  of  the  afferent  and  efferent  lymph-vessels," — 
the  afferent  vessels  being  omitted  in  the  pituitary.  It  is  not 
strange,  therefore,  that  we  should  find  the  great  phagocytic 
mononuclears  in  the  anterior  pituitary.  Lymphatic  structures 
are  their  normal  habitats.  Finally,  we  have  seen  that  Renter 
found  fat  droplets  "in  the  lymphatic  corpuscles  of  the  diffuse 
lymphoid  tissue."  Launois  likewise  found  fat  in  many  of  the 
supposed  true  epithelial  cells  of  the  pituitary,  as  shown  by  stain- 
ing reactions,  osmic  acid,  etc. 

The  function  of  these  cells  in  the  anterior  pituitary  like- 
wise assumes  a  normal  aspect,  since  it  is  essential  that  broken- 
down  cells,  including  the  leucocytes  which  have  secreted  their 
products  into  the  organ,  should  be  promptly  eliminated.  This  is 
essentially  the  role  of  the  mononuclears,  acting  as  Metchnikoff's 
macrophages,  even  when  epithelioid,  i.e.,  when  forming  part  of 
an  epithelium  from  which  they  can  free  themselves  and  migrate 
away.  Thus,  as  stated  by  Ziegler,^"  "proliferating  tissue  can 
produce  cells  which  appear  very  like  the  larger  forms  of  mono- 
nuclear leucocytes."  Hektoen,^^'  on  the  other  hand,  states  that 
"in  typhoid  fever  a  marked  proliferation  occurs  in  the  endo- 
thelial cells  of  the  lymph-follicles  of  the  intestine,  mesenteric 
lymph-nodes  and  spleen;   and  the  new  cells  acquire  marked 

Bohm,  Davidoff  and  Huber:   "T.  B.  of  Histol.,"  p.  197,  1905. 
'1'^  Ziegler:    "General  Pathology."  p.  269,  1898. 
3"  Hektoen:    "Amer.  Text-book  of  Pathol.,"  p.  149,  1901. 
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phagocytic  properties."  Or,  instead  of  migrating  from  the 
organ,  these  mononuclears  may  combine  to  form  a  giant  cell. 
Referring  to  the  formation  of  tubercle,  for  instance,  Metch- 
nikoff*"  writes:    "It  is  composed  of  a  collection  of  phagocytes" 

 "which  move  towards  the  spot  where  the  bacilli  are 

situated  and  englobe  them.  The  phagocytes  retain  their  condi- 
tion of  epithelioid  cells,  or  are  transformed  into  giant  cells." 
All  this  illustrates  mononuclears  in  the  act  of  apprehending 
pathogenic  elements,  detritus,  broken-down  cells,  etc.,  of  some 
kind,  though  forming  part  of  the  organ's  parenchyma,  and 
applies  as  well  to  the  anterior  pituitary  as  to  any  other  lym- 
phatic organ.  Interpreted  from  my  standpoint,  therefore,  wJiat 
is  now  regarded  as  the  glandular  epithelium  of  the  anterior 
pituitary  is  mainly  composed  of  promiscuously  distributed 
epithelioid  mononuclear  macrophages,  which  carry  on  therein^  as 
elsewhere,  their  function  of  general  scavengers. 

Although  he  does  not  in  any  way  refer  to  cells  of  the 
anterior  pituitary  as  leucocytes — regarding  them,  in  accord  with 
all  other  investigators,  as  true  epithelial  cells,  Launois's  descrip- 
tion of  these  elements  clearly  points  to  them  as  leucocytes, 
including  the  large  mononuclears  and  giant  cells  referred  to 
above.  Thus,  he  refers  to  three  types  of  cells  found  in  the 
gland,  judging,  he  says,  "from  their  tinctorial  affinities,"  as 
"acidophiles,"  "hasophiles"  and  " chromophobes."  Indeed,  some 
cells,  he  says,  recall  when  stained  "the  neutrophile  granulations 
contained  in  certain  leucocytes."  Now,  in  Figure  1,  we  saw 
that  "polynuclear"  leucocytes  are  present,  while  the  cells  just 
referred  to  are  "neutrophiles."  Moreover,  as  I  have  previously 
shown,  these  are  precisely  the  nutritional  leucocytes  which  I 
traced  from  the  intestinal  canal  to  the  tissues. 

Launois  refers  also  to  the  "acidophiles"  as  "siderophiles." 
We  have  seen  in  Gulland's  plate  opposite  page  668  (first  vol- 
ume) that  corresponding  leucocytes  also  take  the  iron-haema- 
toxyline  stain  and  are  colored  black  by  it.  The  mitoma  or  net- 
works present  in  these  cells  are  also  observable  in  the  sup- 
posed epithelial  cells,  for  Launois  refers  to  the  presence  of  a 
"reticulum."    The  hasophiles  likewise  correspond  tinctorially 


^'  Metchnikoff:  "Lectures  on  the  Comparative  Pathol,  of  Inflam.,"  Star- 
ling's transl.,  1893. 
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with  leucocytes ;  they  stain  violet-blue  with  haematoxyline,  pink 
with  hsematin-eosin,  orange-yellow  with  haematin-eosin  orange 
— even  though  there  is  good  reason  to  believe  that  as  soon  as 
they  enter  the  organ — or  rather  its  anterior  lobe — leucocytes 
promptly  secrete  their  granules  and  thus  lose  their  main  stain- 
ing affinities.  This  accounts — only  from  my  viewpoint,  of 
course — for  the  presence  in  the  organ  of  the  cells  to  which 
Launois  refers  as  "chromophobes"  (Comte),  i.e.,  cells  which 
have  but  slight  affinity  for  stains. 

Eegarded  as  leucocytes,  and  as  I  interpret  their  function, 
these  "chromophobes"  are  merely  depleted  leucocytes.  Thus, 
Launois  refers  to  them  as  "still  containing^'  very  few  "acido- 
phile,"  "basophile"  or  "siderophile"  granulations.  They  are 
found  disseminated  among  the  other  elements  of  the  organ  and 
aggregate  in  clumps,  the  periphery  of  which  is  alone  stainable. 
At  first  the  granules  accumulate  in  masses,  which  Launois  con- 
nects "intimately"  with  the  secretory  process  of  the  organ  con- 
sidered as  a  gland;  interpreted  from  my  standpoint,  however, 
these  granules  are  the  identical  granulations  which  leucocytes 
secrete  elsewhere,  and  that  are  here  used  by  the  organ  as  a 
secretion.  Indeed,  Launois  refers  repeatedly  to  the  presence  of 
"granulations."  In  the  basophile  cells,  for  instance,  he  found 
the  protoplasm  rich  in  granulations  "which  have  an  elective 
affinity  for  basic  dyes."  In  fact,  he  actually  mentions  the 
escape  of  granulations  in  the  neighboring  fluids  and  their  dis- 
solution therein.  Scaffidi^^  also  observed  recently  that  the  cells 
of  the  anterior  pituitary  shed  their  granules,  and  that  when 
this  is  accomplished,  the  cytoplasm  is  disposed  closely  around 
the  nucleus.  Such  cells  are  shown  in  the  plate  opposite  page  1050. 

All  this  explains  why  supposed  "glandular  cells"  are  so 
promiscuously  distributed  in  the  organ.  Thus,  Launois  states 
that  the  distribution  of  these  cells  is  very  irregular,  some 
"cords"  being  composed  of  eosinophiles,  others  of  basophiles 
only,  but  that  in  general  the  different  types  are  met  with  "in 
the  one  cord."  At  times  the  cells  are  distributed  equally  in 
all  regions  of  the  gland ;  at  others,  certain  territories  are  richer 
in  basophiles,  others  in  acidophiles.  There  is  as  to  this,  he 
remarks,  no  fixed  rule. 


s^Scaffidi:  Arch.  f.  mikros.  Anat.,  Bd.  Ixiv,  S.  235,  1904. 
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Briefly,  besides  the  great  mononuclears,  which  are  probably 
evolved  in  situ,  since  small  mononuclears  are  also  present  in 
great  numbers,  and  giant-cells,  all  of  which  are  described  by 
Launois  under  the  belief  that  they  are  true  epithelial  cells,  the 
organ  contains  the  more  familiar  blood  leucocytes,  i.e.,  neutro- 
philes,  basophiles  and  acidophiles. 

Before  the  details  of  the  functional  mechanism  of  the 
anterior  pituitary,  as  interpreted  from  my  standpoint,  can  be 
submitted,  a  few  anatomical  facts  must  be  reviewed. 

The  leucocytes,  as  we  have  seen,  are  present  not  only  in 
the  tubules  of  the  organ,  but  also  in  its  capillaries,  which  are, 
according  to  all  classics,  very  abundant.  These  are,  as  shown 
by  Obersteiner,^^  the  continuation  of  a  number  of  vessels  which 
pass  from  the  base  of  the  brain  to  the  anterior  lobe  along  the 
anterior  surface  of  the  infundibulum.  Launois  traced  them  to 
the  internal  carotid  and  refers  to  them  as  the  "intrinsic"  vessels 
of  the  organ,  in  contradistinction  to  its  "extrinsic"  supply,  i.e., 
two  sets  of  thin  vessels,  also  derived  from  internal  carotid  but 
which  are  distributed  to  the  surface.  The  intrinsic  veins  of  the 
organ  also  pass  upwards  along  the  infundibulum  and  meeting 
those  derived  from  the  extrinsic  veins  probably  empty,  accord- 
ing to  Launois,  in  the  deep  sylvian  vein.  Both  the  intrinsic 
arteries  and  veins,  according  to  Berkley,^*  "directly  pass"  into 
the  anterior  lobe  "from  the  substance  of  the  infundibulum." 
He  speaks  of  a  "large  number  of  vessels"  in  this  connection,  a 
fact  which  accounts  for  the  very  rich  supply  of  capillaries 
throughout  the  organ  and  between  the  tubules,  which,  as  stated 
by  Gray,^^  are  united  together  by  a  very  vascular  connective  tis- 
sue." It  is  apparent  that  leucocytes  can  readily  enter  the  an- 
terior pituitary  with  its  arterial  blood,  and  penetrate  to  every 
part  of  this  organ. 

That  it  is  possible  for  the  leucocytes  to  circulate  freely  in 
these  parenchymatous  capillaries  and  also  to  migrate  through 
their  walls,  is  shown  by  the  fact  that  Obersteiner^"  found  the 
vessels  which  pass  between  the  cellular  tubes  "numerous  and 
large"  and  their  walls  "remarkably  thin" — so  much  so,  indeed, 

^  Obersteiner:   Soury,  "Syst&me  nerveux  central,"  vol.  ii,  p.  794,  1899. 
"Berkley:    Brain,  Winter,  p.  517,  1894. 
^Gray:    "Anatomy,"  p.  656,  1901. 
"  Obersteiner:   Loc.  cit. 
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that  Launois  observed  actual  tears  in  the  capillary  walls  of 
overactive  organs  which  afforded  a  free  communication  with  the 
tubules.  The  annexed  microphotograph,  in  which  leucocytes 
are  present  among  many  red  corpuscles,  clearly  suggests,  in 
fact,  that  the  connective  tissue  walls  of  the  tubules  and  capil- 
lary walls  are  one,  and  that,  as  elsewhere  in  the  body,  leucocytes 
laden  with  food-products,  drugs,  poisons,  etc.,  can  readily  enter  the 
tubules.  Such  leucocytes  are  plainly  shown  in  the  tubules  in  the 
same  illustration.  Here  they  evidently  secrete  their  contents, 
for,  as  Comte  has  suggested,  and  as  Launois  was  able  to  show  by 
staining  methods  (although  of  course  unaware  that  he  was  deal- 
ing with  leucocytes),  "two  secretory  products,  one  hasophile  and 
the  other  acidophile,"  are  secreted,  while  the  "intermixture  of 
the  cells  which  elaborate  them  indicates  that  these  two  products 
are  themselves  mixed  before  being  eliminated  from  the  paren- 
chyma.^'' 


^^^^'^^  ;  Para-nervous  Cavity 

Pebpendicular  Antero-posterior  Section  op  the  Pituitary  Body 


Interpreted  from  my  standpoint  these  are  all  very  import- 
ant features  of  the  question  in  point.  The  leucocytes,  contain- 
ing as  they  do  whatever  they  may  have  absorbed  in  the  intes- 
tinal canal  or  in  the  blood,  are  distributed,  we  have  seen, 
throughout  the  entire  organism.  What  proportion  of  these 
cells  happens  to  penetrate  into  the  pituitary  to  form  the  sup- 
posed secretion  is,  as  it  were,  a  sample  of  the  food-elements  and 
any  noxious  substance  that  they  may  contain,  which  are  being 
distributed  broadcast.  The  blood  as  the  bearer  of  leucocytes  thus 
laden,  fulfills  the  role  that  sea-water  does  in  lower  forms. 

In  these  lower  organisms,  however,  we  have  seen  that  the 
"respiratory  fluid"  and  the  food  materials  it  contains  are 
brought  into  contact  with  the  center  of  their  auto-protective 
mechanism,  their  "test-organ"  or  "osphradium."  How  is  the 
corresponding  process  carried  on  in  the  anterior  pituitary  of 
the  higher  animals,  including  man? 


Segment  of 
Tuber  Cinereum 


Posterior  Lob^--- 


Infundibulum 


•  * "  'Anterior  Lobe 


OF  A  Human  Embryo  of  Four  Months.  (Edinger.) 


PRDMISCUnUS  niSTRIHUTIDN  DF  CELLS  IN  THE 
ANTERIOR  PITUITARY,  [SaJous.J 

a.  Large  Epithelioid  phagocytEs.    b,  NeutrDphile-nutTltlDnal-lEUCDcytES. 
C|  Basnphile  leucDcytE.    d.  Capillaries, 
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Between  the  anterior  lobe  and  the  partition  separating  it 
from  the  posterior  lobe  is  a  transverse  space,  the  "para-nervous 
slit"  or  pocket,  which  Haller,  Parameschko,  Cadiat  and  others 
regarded  as  an  excretory  canal,  but  which  in  reality  is  closed 
on  all  sides.  It  varies  greatly  in  shape :  it  may  be  broken  up 
by  projections  that  unite  the  two  surfaces,  or  form  a  relatively 
spacious  vesicle ;  it  may  also  appear  closed,  the  two  walls  being 
almost  in  contact  even  though  their  cellular  elements  are  differ- 
ent in  nature.  Thus  while  the  surface  forming  part  of  the  an- 
terior lobe  is  lined  with  ciliated  epithelium,  that  of  the  par- 
tition proper  is  composed  of  the  sensory  epithelimn  which,  as 
shown  below,  forms  the  test-organ.  Now,  this  cavity  doubtless 
fulfills  some  important  function:  "The  cavity  proper  of  the 
para-nervous  slit,  the  capacity  of  which  varies,"  writes  Launois, 
"contains  a  peculiar  substance,  the  quantity  of  which  is  itself 
subject  to  the  greatest  fluctuations.  This  substance,  which  is 
apparently  elaborated  by  the  epithelial  elements  of  the  walls, 
is  a  mixture  of  acidophile,  amphophile  and  mucoid  secretion. 
While  it  recalls  the  materials  we  found  in  the  parenchyma  of 
the  pituitary,  it  differs  from  it  in  being  more  granular,  less 
homogeneous,  and  less  compact.  Staining  methods  show, 
moreover,  that  this  substance  is  subject  to  currents,  whirlpools 
and  localized  accumulations".  .  .  .  "and  afford  a  new  proof  of 
the  diversity  of  secretions  of  which  the  pituitary  may  be  the 
source." 

In  the  light  of  my  views,  these  substances  are  not  glandular 
secretions,  which,  as  we  will  see,  do  not  exist,  but  waves  of  a 
colloid  compound  of  dissolved  granules  derived  from  food-pro- 
ducts, normal  or  toxic  physiological  wastes,  drugs,  poisons,  tox- 
ins, etc.,  that  the  leucocytes  have  brought  to  the  sponge-like 
parenchyma  of  the  organ  and  which  the  latter — probably  owing 
to  rhythmic  contractions  of  its  capsules — projects  towards  the 
"para-nervous"  cavity. 

That  the  anterior  lobe  is  a  contractile  organ  is  suggested  by 
the  structure  of  its  capsule,  the  currents  and  whirlpools,  and  by 
the  fact  that  delicate  nerve-fibers  are  distributed  throughout 
its  parenchyma — doubtless  the  terminals  which  Eamon  y  Cajal 
traced  to  the  great  nucleus  in  the  third  ventricle.  Berkley*^ 

"  Berkley:  Loc.  cit.,  p.  517. 
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describes  these  fibers  as  "ljundles  of  small  nerves  following 
the  course  of  the  arteries"  and  from  which  "come  oif,  at  irreg- 
ular intervals,  single  fibers,  or  branches  from  the  main  stems, 
which  pursue  a  very  irregular  course  through  the  glandular  sub- 
stance, crossing  over  or  accompanying  the  large  venous  chan- 
nels in  the  septa,  and  finally  being  distributed  upon  the  coils  of 
the  epithelial  cells  forming  the  follicles."  His  drawing  of  a 
set  of  these  fibers,  including  their  ball-shaped  terminals,  is  re- 
produced below.  These  ball-shaped  endings  recall  strikingly 
the  sensitive  terminals  found  elsewhere  in  the  oesophagus, 
larynx,  bladder,  etc.  If  they  are  sensory,  their  purpose  sug- 
gests itself:  to  provoke  reflex  dilatation  of  the  blood-vessels 
through  which  the  organ  relieves  itself  of  the  blood  which  has 


Section  of  Anterior  Pituitary,  Showing  Ball-Shaped  Nerve 


Terminals  Among  Cellular  Elements.  (Berkley.) 

caused  it  to  dilate.  The  capsule  of  the  anterior  pituitary,  con- 
taining as  it  does  "a  fine  network  of  elastic  fibrils"  (Launois), 
dilates  when  the  organ  is  hyperasmic — as  shown  by  the  enlarged 
appearance  often  witnessed  during  hyperactivity  such  as  that 
observed  in  eclampsia  (Launois  and  Mulon),  the  early  stages  of 
acromegaly,  etc.,  and  contracts  again  when  the  venous  and 
lymphatic  channels  are  widely  opened.  The  "currents  and 
whirlpools,"  etc.,  observed  by  Launois  in  the  para-nervous  cav- 
ity clearly  suggest  that  some  such  propulsive  mechanism  must 
exist  in  the  organ,  the  semi-fluid  substance  being  no  longer 
within  the  capillaries  and,  therefore,  under  the  influence  of 
the  vis  a  tergo  motion  of  the  blood.  The  colloid  substance  be- 
ing derived  from  the  tubules,  the  compression  necessary  to 
drive  it  out  through  the  meshes  of  their  connective  tissue  (see 
the  homologue  of  such  a  network  in  the  plate  opposite  page 
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1068)  must  begin  in  the  periphery  of  the  organ — a  function 
for  which  the  elastic  capsule  is  eminently  fitted.  On  the  other 
hand,  the  pillow  of  venous  blood  which  separates  the  pituitary 
from  its  pedestal,  the  sella  turcica,  affords  ample  leeway  for  its 
preliminary  dilatation. 

The  para-nervous  cavity  is  probably  itself  distensible,  a 
fact  which  would  account  for  the  variations  in  shape,  the  ap- 
proximation of  its  walls  or  "the  widened  and  somewhat  globu- 
lar" outline  observed  by  Launois.  Dilatation  owing  to  the  ac- 
cumulation of  leucocytic  products  swept  into  it  when  the  an- 
terior pituitary  contracts,  at  one  time,  and  contraction  when 
it  is  emptied  at  another,  affords  a  logical  explanation  of  the 
post-mortem  appearances  witnessed. 

The  manner  in  which  the  blood  deprived  of  the  leucocytes 
that  have  migrated  into  the  tubules  passes  out  of  the  anterior 
lobe  is  made  clear  by  the  fact  that  it  remains  in  the  sinusoidal 
capillaries.  It  is  therefore  returned  to  the  circulation  by  the 
venules  which  terminate  in  the  large  veins  in  the  infundibulum. 

As  to  the  detritus,  scavenger  cells,  etc.,  they  have  a  path  of 
their  own — one  common,  as  regards  the  corresponding  process, 
to  all  lymphatic  structures.  Miiller,^*  in  the  course  of  a  com- 
prehensive study  of  the  pituitary  body  from  Myxine  to  man, 
found  that  the  partition  between  the  two  lobes  was  supplied  with 
a  rich  network  of  lymphatics  through  which  glandular  products 
found  their  way  to  the  general  lymphatic  system.  Lymphatic 
vessels  seem  to  be  absent  elsewhere  in  the  anterior  pituitary. 
The  process  of  elimination  during  life  must  be  a  very  active 
one.  The  microphotograph  facing  the  next  page  shows  a  large 
number  of  cells  in  the  act  of  being  ejected  from  the  organ  (the 
effect  of  periodical  contractions  such  as  those  of  the  spleen)  in 
a  current  of  "colloid" — an  aggregate  of  lymph,  adrenoxidase, 
dissolved  granules,  etc.,  as  previously  stated.  Here  as  in  several 
slides  studied,  the  mass  occurred  in  what  corresponds  with 
the  external  orifice  of  the  lymphatic  spaces,  while  in  other  slides 
the  cells  had  not  as  yet  reached  the  outlet  when  death  of  the 
organism  of  which  it  formed  part  took  place,  arresting  the  pro- 
gress of  the  cells  to  the  external  lymphatic  vessels. 

Summarizing  all  these  facts,  it  seems  evident  (1)  that  the 

^  Miiller:  Jenaische  Zeitsch.,  Bd.  vi,  1873;  cited  by  Gugpin:  Tribune  mfidi- 
cale,  Dec.  10,  1891. 
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anterior  pituitary  is,  like  all  lymphoid  glands,  intimately  con- 
nected with  the  defensive  functions  of  the  body,  through  the 
presence  in  it  of  large  mononuclear  macrophages;  (2)  that  these 
large  mononuclears  are  epithelioid  cells  in  the  sense  that  they 
form  in  the  organ  an  irregular  epithelium;  (3)  that  after  the 
smaller  phagocytic  leucocytes,  especially  the  neutrophiles,  secrete 
{as  they  do  elsewhere  in  the  body)  their  granulations  and  other 
products  of  food-materials,  waste-products,  drugs,  poisons, 
toxins,  etc.,  ingested  by  them  anywhere  in  the  body,  those  leuco- 
cytes which  have  been  hilled  by  microbes,  poisons,  etc.,  are 
removed  as  detritus  from  the  anterior  pituitary  by  its  mono- 
nuclear macrophages;  and  (4)  that  this  process  of  elimination 
is  assisted  by  periodical  contractions  of  the  organ  such  as  those 
of  the  spleen,  which  project  all  living  leucocytes  and  a  current  of 
colloid — an  aggregate  of  lymph,  adrenoxidase,  dissolved  granu- 
lations, drugs,  wastes,  poisons,  etc., — into  the  lymphatic  spaces 
of  the  organ  and  then  into  the  lymphatic  system,  whence  they 
pass  into  the  blood  to  be  destroyed. 

The  cardinal  feature  of  all  this  evideBce,  however,  is  that 
the  contents  of  the  leucocytes  which  penetrate  into  the  tubules, 
i.e.,  their  nutrient  granules — more  or  less  dissolved — and  any 
noxious  substance  that  may  be  harmful  to  the  organism  at  large, 
are  brought — more  or  less  modified  probably  by  the  ciliated 
epithelium  of  the  anterior  wall  of  the  para-nervous  cavity — into 
contact  with  the  sensitive  epithelium,  i.e.,  the  test-organ. 

The  identity  of  this  organ  as  a  sensitive  structure  asserts 
itself  from  varioiis  directions.  Gentes,  who  described  this 
structure  in  the  higher  animals,  does  not  refer  to  the  possibil- 
ity of  its  being  the  homologue  of  the  test-organ  of  ancestral 
forms.  This  adds  value  to  his  description  of  the  developed  or- 
gan— to  which  I  attribute  such  important  functions.  Thus, 
while  he  describes  its  superficial  layer  in  the  higher  mammals 
as  composed  of  "stratified  cylindrical  epitheliuiri  which  re- 
sembles certain  sensory  epithelia,"  Eay  Lankester  defines  the 
corresponding  organ  in  ancestral  animals — as  to  location  and 
anatomical  relations — as  "a  patch  of  epithelium  ....  pecu- 
liarly modified  and  supplied  with  a  nerve  and  ganglion."  Still 
more  to  the  point  is  the  remark  of  Huxley  and  Martin^*  con- 
so  Huxiey  and  Martin:   "Practical  Biology,"  p.  312,  1892. 
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cerning  the  mussel,  that  "as  the  parieto-splanchnic  ganglia  are 
immediately  connected  with  a  patch  of  sensiferous  epithelium 
in  the  roof  of  the  inhalent  siphon,  they  are  sometimes  regarded 
as  olfactory." 

In  its  fully  developed  condition,  however,  i.e.,  in  the  adult 
dog,  cat,  rabbit,  rat,  guinea-pig,  sheep,  porcupine,  etc.,  in  which 
Gentes  studied  the  organ,  it  is  no  longer  limited  to  a  mere 
patch  of  epithelium,  but  has  become  a  structure  occupying  a 
considerable  portion  of  the  partition  between  the  two  lobes. 
On  the  side  exposed  to  the  "para-neural"  cavity  are  five  or 
six  layers  of  cylindrical  epithelial  cells  which  give  the  surface 
a  bosselated  appearance,  and  "recall  exactly,"  says  Gentes,  "the 
sustentacular  element  of  the  olfactory  mucous  membrane." 
These  cells  were  found  to  send  numerous  fibers  to  the  deeper 
elements  and  to  connect  with  "foot-shaped"  cells  which,  in 
turn,  were  the  source  of  many  fibers  distributed  very  freely 
throughout  the  structure.  Underlying  the  cell  bodies  of  the 
epithelial  cells,  were  two  or  three  rows  of  bipolar  cells  which 
sent  fibers  towards  the  surface  and  also  to  the  deepest  layers. 
A  third  set  of  fibers  was  found  to  arise  in  the  midst  of  all  these 
elements  and  to  pass  posteriorly  through  the  partition  and 
thence  into  the  maze  of  cells  and  fibers  which  form  the  neural 
lobe.  These  fibers,  we  have  seen,  were  finally  traced  by  Gentes 
some  distance  in  the  organ  and  thence  by  way  of  the  infundi- 
bulum  to  the  tuber  cinereum. 

May  not  these  fibers  have  come  into  contact  in  the  neural 
lobe  with  other  cellular  elements?  In  that  case,  there  would 
be  complete  correspondence  between  the  olfactory  organ  of  the 
pituitary  with  that  of  the  nasal  cavities,  including  its  cerebral 
segment  of  the  olfactory  bulb.  Indeed,  while  Gentes  empha- 
sizes the  striking  resemblance  of  the  sensitive  epithelium  of 
the  structure  described  by  him  to  the  sustentacular  cells  of  the 
olfactory  region — which  are  superficial  sensory  elements — Berk- 
ley,*** ten  years  before,  alluding  to  certain  cells  in  the  posterior 
lobe,  wrote :  "Very  much  more  strongly  do  they  resemble  the 
endings  of  the  mitral  cells  of  the  olfactory  bulbs."  The  fibers 
traced  by  Gentes  would,  under  these  conditions,  be  the  func- 
tional homologues  of  the  olfactory  nerves. 


*<•  Berkley :   Loc.  cit. 
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Whether  this  connection  exists  or  not,  the  fact  remains  that 
the  sensitive  organ — the  test-organ — sends  nerves  to  the  tuber 
einereum,  where  they  connect,  as  I  have  shown  in  the  previous 
section,  with  a  nerve-chain  which  terminates  in  the  adrenals, 
the  secretion  of  which,  as  will  be  shown  presently,  is  the  funda- 
mental factor  of  the  body's  auto-protective  or  immunizing 
functions. 

The  main  function  now  attributed  to  the  anterior  pituitary 
body  by  all  authors — that  of  a  secreting  organ — finds  no  place 
in  my  interpretation  of  its  role  in  the  organism.  That  it  has 
ceased  to  secrete  when  fully  developed,  i.e.,  in  the  higher  ani- 
mals, is  shown  by  various  facts: — 

The  thyroid  gland  and  the  adrenals,  which  are  positively 
known  to  be  the  source  of  a  secretion,  produce  extracts  which 
are  very  active.  Such  is  not  the  case,  however,  with  extracts 
obtained  from  the  anterior  pituitary.  Howell*^  found  that 
such  extracts  "when  injected  intravenously  have  little  or  no 
physiological  effect."  Garnier  and  Thaon*^  recently  confirmed 
Howell's  observation  with  extracts  prepared  from  the  anterior 
pituitary  of  oxen.  This  is  accounted  for  by  the  fact  that,  as  I 
interpret  the  phylogenetic  history  of  the  organ,  it  ceases  to 
secrete  when  the  adrenals  appear. 

In  the  diagram  of  a  sea-squirt  shown  herewith — a  longi- 
tudinal section  of  the  animal — the  pituitary  body  (hyp)  may 
be  seen  to  send  a  projection  to  the  respiratory  apparatus  (stig) 
i.e,  the  duct  of  the  pituitary.  The  purpose  of  this  relationship 
is  not  known.  In  my  opinion  this  secretion  penetrates  into  the 
cellular  elements  composing  the  respiratory  organ,  and  endows 
its  blood  with  the  property  of  absorbing  oxygen,  while  the  water  is 
driven  through  the  stigmata  by  the  active  movements  of  their 
ciliated  epithelium.  Indeed,  we  have  seen  that  in  the  experi- 
ments of  Fieri  and  Portier  and  others,  including  my  own,  in  the 
clam,  oyster,  and  sea-mussel,  the  (colorless)  blood  of  the  gills 
gave  the  guaiac-test  most  actively,  thus  showing  that  it  was 
rich  in  oxidase — the  substance  which  in  animals  supplied  with 
adrenals  I  have  termed  "adrenoxidase."  As  shown  by  Abelous 
and  Biarnes,  this  same  active  reaction  was  obtained  from  the 

"Howell:    "Text-book  of  Physiology,"  p.  778,  1905. 

Garnier  and  Thaon:   Jour,  de  physiol.  et  path.  gen§r..  Mar.,  1906. 
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corresponding  blood  in  crayfish,  by  Phisalix  in  batrachians,  and 
SO  on  until  the  highest  mammals  were  reached — always  with 
blood  derived  from  the  respiratory  organs. 

This  interpretation  is  further  sustained  by  the  evident  con- 
nection between  the  "subneural  gland" — the  primitive  anterior 
pituitary — and  the  respiratory  organs  of  another  ascidian  in 
which  the  duct  is  very  long,  Phallusia  nientula.  Willey,**  re- 
ferring to  the  structure  in  which  the  duct  terminates,  describes 
it  as  the  "dorsal  tubercle,  the  opening  of  the  hypophysis  into 
the  hranchial  sac."    Briefly,  in  the  light  of  my  work,  in  these 


Diagram  op  the  Upper  Segment  of  a  Sea-squirt,  Illustrating  the 
Connection  Between  the  Pituitary  Body  Oiyp)  and  the 
Animal's  Respiratory  Apparatus  (stigm). 

ne.  gn.,  nerve-ganglion  or  general  nerve-center;  or.  siph.,  oral  siphon;  atr.  siph., 
atrial  siphon;  tent.,  tentacles;  test,  bag;  mant.,  mantle;  tr.  v.,  transi- 
verse  vessel;  dors,  v.,  dorsal  vessel;  atr.  cav.,  atrial  cavity. 
{Parker  and  Haswell.) 

invertebrates  the  ancestral  anterior  pituitary  fulfills  the  func- 
tions which  in  the  higher  animals  are  carried  on  by  the  adrenals. 

When  does  the  transition  take  place?  This  question  can- 
not be  answered  with  anj^  degree  of  accuracy  in  the  light  of 
available  knowledge.  The  adrenals  are  now  thought  to  occur 
in  the  vertebrates  only.  A  study  of  the  question  has  led  me 
to  believe,  however,  that  they  appear  much  earlier,  and  that  in 
many  invertebrates  organs  which  are  now  regarded  as  neph- 
ridia — and  which  as  such  occupy  anomalous  positions  in  their 
relations  to  the  heart  and  other  organs — are  naught  else,  func- 
tionally, than  adrenals.  This  question  cannot  of  course  be 
treated  in  the  present  work. 

Remaining  in  this  connection  within  the  precincts  of  ac- 

"Willey:   "Amphloxus  and  the  Ancestry  of  Vertebrates,"  p.  190,  1894. 
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cepted  views  based  on  the  embryology,  phylogeny  and  compara- 
tive morphology  of  the  subject,  we  may  conclude  with  Launois 
that  "from  Tunicata  to  man,  there  occurs,  in  all  species  of 
animals,  towards  the  base  of  the  encephalon  an  organ  formed 
by  the  intimate  contact  of  a  nervous  projection  with  a  projec- 
tion of  the  stomodseum.  In  all  except  Myxine,  doomed  to  retro- 
gression owing  to  its  parasitic  life,  the  stomodseal  projection 
becomes  glandular.    The  gland  thus  formed  is  tubular  and 


Fig.  1. 

Vertical  Section  Through  Thalamus  of  a  Young  Alligator,  Showing 

THE  GRBAT-CELL  (NUCL.  MAGNO-CELL.  STRAT.  GKIS.)  NUCLEUS 

OF  Gray  Matter.  (Edinger.) 

rich  in  blood-vessels.  While  it  opens  externally  in  Tunicata 
and  Amphioxus,  it  becomes  a  closed  gland  from  the  earliest  of 
vertebrates."  Hence  the  prevailing  belief  that  it  supplies  the 
blood  an  internal  secretion.  Not  only,  however,  has  the  role 
of  this  supposed  secretion  in  the  organism  never  been  found, 
but,  as  we  have  seen,  the  organ  contains  no  active  substance, 
while  the  promiscuous  distribution  of  its  cells,  the  character 
of  the  latter,  and  other  facts,  indicate  that  the  anterior  pituitary 
is  not  a  secreting  gland.  . 
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With  the  evident  connection  between  the  anterior  pituitary 
and  the  respiratory  organs  of  ancestral  animals  I  have  indicated, 
the  obliteration  of  the  external  opening  in  the  early  vertebrates 
assumes  a  normal  aspect  in  that  it  coincides  with  the  appearance 
of  the  classical  adrenals.  Indeed,  these  organs  are  not  only 
present  in  the  higher  mammals,  but  also  in  amphibians  and 
fishes,  including  those  classed  among  the  lowest  Chordata,  the 
Elasmobranchii  (shark,  dog-fish  and  ray).  In  these  animals, 
moreover,  a  suggestive  feature  asserts  itself,  viz.,  the  presence 
in  the  floor  of  the  third  ventricle  of  the  nervous  structure 


Fig.  2. 

Horizontal.  Section  Through  Base  of  Brain  of  a  Shark, 
Showing  Fibers  from  Great-cell  Nucleus.  (Edinger.) 

through  which,  as  I  have  shown,  the  pituitary  body  is  united 
with  the  upper  portion  of  the  spinal  system.  "One  finds  in 
birds  and  reptiles,  probably  also  in  fishes,  in  the  midst  of  the 
gray  matter  that  surrounds  the  median  ventricle,"  writes  Edin- 
ger,''* "an  elongated  nucleus  of  large  cells:  Nuc.  magno-cellu- 
laris  strati  grisei.  It  is  probably  fibers  from  it  that  pass  ven- 
trally  to  cross  just  over  the  infundibulum  as  the  Decussatio 
supra-infundibularis.  Besides  this,  it  probably  sends  bundles 
off  posteriorly."  In  the  annexed  illustrations.  Fig.  1  indicates 
the  great-cell  nucleus,  divided  vertically,  while  Tig.  2  shows 


"Edinger:    "Anat.  of  the  Central  Nervous  System,"  p.  132,  1899. 
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fibers  derived  from  it  proceeding  posteriorly — the  path  which, 
as  shown  in  the  preceding  section,  leads  to  the  adrenals. 

The  evidence  submitted  in  this  section  appears  to  me  to 
warrant  the  following  conclusions:  (1)  The  anterior  lobe  of  the 
pituitary  is  not,  as  now  believed,  a  secreting  gland,  nor  the 
source  of  an  internal  secretion;  (2)  it  fulfills  in  all  higher  ani- 
mals, the  same  function  that  the  osphradium  or  test-organ  does 
in  various  invertebrates  and  lower  vertebrates,  viz.,  it  tests  the 
purity  of  the  respiratory  and  nutritional  fluids,  i.e.,  the  blood  in 
the  higher  vertebrates,  including  man;  (3)  inasmuch  as,  in 
these  higher  vertebrates,  the  food-products,  normal  and  toxic 
wastes,  drugs,  and  poisons  are  taken  up  by  leucocytes  in  the  ali- 
mentary canal  and  the  blood,  and  distributed  by  them  to  all 
parts  of  the  body,  the  anterior  pituitary,  a  highly  vascular  organ, 
receives  its  share;  (4)  while  the  plasma  and  red  corpuscles  re- 
main within  the  vessels  of  the  anterior  pituitary,  the  leucocytes 
migrate  through  the  walls  of  its  capillaries  and  accumulate  pro- 
miscuously in  the  anastomosing  tubules  of  which  the  paren- 
chyma of  the  organ  is  composed;  (5)  once  in  these  tubules,  the 
leucocytes  secrete  their  granulations,  acidophile,  basophile  and 
amphophile,  and  any  other  substance,  benign  or  toxic,  they  m,ay 
contain;  (6)  all  these  substances  dissolve  in  the  tubules,  in 
fluids  derived  from  the  leucocytes  themselves,  and  (as  will  be 
shown)  adrenoxidase  derived  from  the  red  corpuscles  in  the  cap- 
illaries; (7)  a  colloid  substance  is  thus  formed  which  contains 
a  given  proportion  of  all  the  benign  and  toxic  substances  that 
are  being  distributed  to  the  body  at  large;  (8)  this  colloid  sub- 
stance represents,  therefore,  a  specimen  of  the  nutritive  materials 
which  the  tissue  cells  are  assimilating;  (9)  this  specimen  en- 
ables the  test-organ  of  the  anterior  pituitary  to  take  cognizance 
of  any  noxious  substance  or  drug  that  may  be  contaminating 
these  nutritive  materials.  (10)  The  test-organ  of  the  higher 
vertebrates,  including  man,  is  located  in  the  superficial  tissues  of 
the  partition  separating  the  anterior  from  the  posterior  pituitary, 
and  faces  the  parenchyma  of  the  former;  (11)  the  elastic  cap- 
sule of  the  anterior  pituitary  contracts  periodically,  each  con- 
traction causing  compression  of  its  sponge-like  parenchyma  and 
propulsion  of  its  colloid  substance  posteriorly,  i.e.,  towards  the 
test-organ;  (12)  the  colloid  substance  is  thus  projected  into  a 
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cavity  between  the  parenchyma  and  the  test-organ  and  brought 
into  contact  with  the  latter  on  its  way  out  of  the  pituitary 
through  lymphatics;  (13)  the  test-organ  is  a  sensitive  struc- 
ture the  surface  of  which — that  exposed  to  the  colloid  substance 
— is  similar  to  that  of  the  olfactory  membrane;  (1-1)  it  sends 
fibers  into  the  posterior  lobe  of  the  pituitary,  which  fibers*  ulti- 
mately pass  upward  to  the  tuber  cinereum,  where  they  merge 
with  the  nerve-chain  that  terminates  in  the  adrenals — the  organs 
which,  when  stimulated  by  the  test-organ,  awaken  a  protective 
reaction  in  the  body  at  large. 

LEUCOCYTES  AS  THE  PURVEYORS  OF  THE  THYROID  AND 
PARATHYROIDS,  AND  AS  THE  SECRETING  CELLS 
OF  THESE  ORGANS. 

A  Swedish  anatomist,  Sandstrom,*^  discovered  in  1880,  in 
man  and  various  other  mammals,  small  epithelial  organs  near 
to,  or  forming  part  of,  the  thyroid  gland,  i.e.,  the  parathyroids. 
Thanks  mainly  to  the  investigations  of  Gley,*"  who  first  showed 
their  great  physiological  importance,  Moussu,*^  and  Vassale  and 
Generali,**  whose  observations  have  been  confirmed  by  many 
other  investigators,  these  small  organs  have  been  shown  to  in- 
fluence greatly  the  vital  functions.  The  difference  between 
them  and  the  thyroid  in  this  respect  is  quite  evident,  however : 
as  stated  by  Jeandelize,**  "to  the  thyroid  belongs  a  trophic 
function  of  the  first  order,  its  removal  being  followed  by  disor- 
ders of  nutrition,  while,  conversely,  extirpation  of  the  para- 
thyroids is  followed  by  convulsive  phenomena." 

Notwithstanding  the  considerable  labor  bestowed  upon  the 
thyroid  and  parathyroids,  the  nature  of  the  relationship  be- 
tween them  has  remained  obscure.  Thus  Howell,^"  in  his  re- 
cently published  text-book  (1905),  states  that  "the  functional 
connection  between  these  two  organs  is  as  yet  quite  unex- 

*  Further  histological  researches  will  doubtless  show  that  the  fibers  of  the 
test-organ  do  not  themselves  ascend  to  the  tuber  cinereum,  and  that  they 
terminate  in  the  posterior  pituitary,  but  in  functional  contact  with  the  cell- 
bodies  of  motor  neurons,  whose  neuraxons  would  then  become  the  inital  fibers 
of  the  pituitero-adrenal  nerve-chain. — S. 

*^Sandstr6m:  Upsala  Lakareforenings  Forhandlingar,  Bd.  xv,  S.  441,  1879- 
1880. 

"Gley:    C.  r.  de  la  Soc.  de  biol.,  p.  843,  1891. 

Moussu:    Thdse  de  Paris,  1896-97. 
48  Vassale  and  Generali:    Arch.  ital.  de  Biol.,  vol.  xxxiii,  p.  33,  1900. 
"Jeandelize:    "Insuffisance  thyroidienne  et  parathyroidienne,"  p.  3,  1903. 
"Howell:   Loc.  ext.,  p.  774. 
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plained."  This  applies  as  well  to  the  physiological  purpose  of 
the  parathyroids.  H.  Eichardson,^^  for  instance,  in  another 
work  published  recently  (1905),  writes:  "Of  the  function  of 
the  parathyroids  little  is  known  at  present;  they  appear  to  be 
connected  with  the  thyroid  and  perhaps  to  have  some  special 
relation  to  the  nervous  system."  The  facts  submitted  in  the 
two  preceding  sections  appear  to  me  to  elucidate  several  feat- 
ures of  the  problem. 

D.  A.  Welsh, after  an  elaborate  anatomical  and  experi- 
mental research  upon  the  parathyroid  glands,  concludes :  "The 
anterior  lobe  of  the  pituitary  body  bears  a  close  resemblance 
in  some  of  its  structural  features  to  the  parathyroid  glands: 
(1)  In  both  there  occur  two  kinds  of  cells,  the  one  characterized 
by  a  homogeneous  diffusely  staining  protoplasm  and  a  relatively 
large  pale  nucleus,  the  other  by  a  relatively  small  dark  nucleus 
and  an  oxyphile  granulation  of  its  protoplasm.  (2)  In  both 
there  may  occur  acini  whose  lumina  may  be  occupied  by  small 
lobules  of  colloid  substance,  or,  more  sparsely,  larger  spaces 
containing  larger  masses  of  colloid." 

The  resemblance  to  the  anterior  pituitary  asserts  itself 
even  more  strongly  when  various  facts  recorded  by  Welsh  are 
compared  with  some  quoted  from  Launois's  work — that  re- 
viewed in  the  preceding  section.  Thus,  we  have  seen  that  the 
parenchj'ma  of  the  anterior  pituitary  was  composed  of  leuco- 
cytes distributed  promiscuously,  and  of  anastomosing  tubules 
separated  by  connective  tissue  partitions  in  which  coursed  the 
capillaries,  arterial  and  venous.  Welsh,  in  describing  the  paren- 
chyma of  the  parathyroids,  refers  to  a  type  in  which  "the  cells 
tend  to  be  arranged  in  continuous  anastomosing  columns,  be- 
tween which  connective  tissue  septa  and  capillary  channels  are 
found."  Of  another  type  he  says:  "The  irregular  cells  occur 
irregularly  scattered  among  the  principal  cells,  either  singly  or 
in  groups  of  three  or  four,  without  definite  arrangement." 
These  cells,  as  he  also  states,  have  "a  very  characteristic  and 
constant  structure"  while  their  protoplasm  "shows  a  dis- 
tinct fine  granulation.  The  granules  are  highly  oxyphile  and 
readily  take  up  eosin  and  other  dyes."    He  says,  moreover,  that 


"Richardson:  "The  Thyroid  and  Parathyroid  Glands,"  p.  72,  1905. 
52  D.  A.  W^elsh:   Jour,  of  Anat.  and  Physiol.,  Apr.,  1898. 
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"they  show  a  striking  resemblance  to  the  granules  of  the  ery- 
throphile  cells  of  the  pituitary  body,  which  are  also  eosino- 
philic." 

Occurring  in  greater  number  than  the  oxyphiles  is  that 
type  of  cell  which  Welsh  designates  as  the  "principal"  cells. 
These  also  "may  show  considerable  variation  both  in  the  details 
of  their  striicture  and,  more  particularly,  in  their  arrangement 
within  the  gland."  He  also  found  that  their  protoplasm 
"stains  very  variously,  being  sometimes  exceedingly  clear  and 
faint,  at  other  times  darker,  with  very  fine  basophile  granula- 
tions. Differences  of  staining  may  occur  in  cells  lying  side  by 
side  in  the  same  acinus."  These  facts  suggest  pointedly  that, 
as  is  the  case  with  the  anterior  pituitary,  the  cellular  elements 
of  the  parathyroids  include  leucocytes. 

Such  a  conclusion  is  further  sustained  by  the  fact  that  the 
proportion  of  cells  is  a  fluctuating  one.  Indeed,  as  stated  by 
Welsh,  "the  granular  oxyphile  cell  may  not  be  present  at  all." 
If  we  were  dealing  with  organized  epithelial  tissues,  the  ele- 
ments themselves  would  not  disappear.  Again,  as  stated  by 
Eogers  and  Ferguson,^*  referring  to  human  parathyroids,  "they 
are  small  and  they  rapidly  decompose  or  rather  undergo  auto- 
lysis; hence  the  ordinary  dissecting-room  cadaver  cannot  be 
utilized  for  their  study."  This  is  readily  accounted  for  when 
its  cells  are  regarded  as  leucocytes,  for  we  have  seen  that  leuco- 
cytes contain  ferments,  adrenoxidase,  etc.,  i.e.,  various  digestive 
triads.  Again,  such  a  structure — a  delicate  spongy  framework 
in  which  the  parenchyma  of  a  true  secreting  organ  is  replaced 
by  blood-fluids,  colloid  material  and  flowing,  amoeboid  cells — 
should  be  readily  compressible  and  easily  influenced  by  blood 
tides.  In  describing  the  parathyroids,  MacCallum^*  writes: 
"In  color  they  are  of  a  clear  light  brown,  which  may  be  ren- 
dered pale  by  anaemia  and  the  accumulation  of  fat,  or  converted 
into  a  brownish-red  by  congestion.  It  is  particularly  this  light 
brown  color,  together  with  their  flabby  softness,  which  makes 
them  easily  recognizable." 

This  evidence  only  permits  of  one  conclusion,  however,  viz., 
that  leucocytes  penetrate  into  the  parathyroids,  and  secrete  their 
granulations  therein. 


"Rogers  and  Ferguson:  Amer.  Jour.  Med.  Sci.,  May,  1906. 
"  MacCallum:   Brit.  Med.  Jour.,  Nov.  10,  1906. 
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What  is  the  identity  of  these  leucocytes?  The  cells  to 
which  Welsh  refers  as  varying  greatly  in  number,  and  even  as 
absent  at  times — thus  emphasizing  their  migratory  nature — are 
granular  oxyphiles  which  "readily  take  up  eosin."  This  hap- 
pens to  coincide  with  the  leucocytes,  which  take  up  iodine  phy- 
siologically. 

Iodine  is  now  generally  recognized  as  the  main  active 
principle  of  the  parathyroid  secretion.  Gley  found^°  that  the 
relative  proportion  of  iodine  was  six  times  greater  in  the  para- 
thyroids than  in  the  thyroid  in  dogs,  and  twenty-five  times 
greater  in  the  parathyroids  than  in  the  thyroid  in  rabbits. 
PageP®  also  found  iodine  in  the  parathyroids.  Now  iodine  is 
not  only  taken  by  eosinophile  leucocytes,  but  these  particular 
cells  are  found  in  the  alimentary  canal  and  tend  to  accumulate 
in  certain  organs — thus  accounting  for  their  accumulation  in 
the  parathyroids. 

That  leucocytes  absorb  iodine  under  normal  conditions 
was  recently  demonstrated  by  M.  Labbe  and  Lortat-Jacob.^^ 
Labbe,^*  alluding  to  this  paper,  writes:  "Immediately  after  in- 
jecting either  Gram's  solution  or  iodine  dissolved  in  vaseline 
into  the  peritoneum  [of  various  animals],  certain  leucocytes 
may  be  seen  to  have  taken  it  up,  the  drug  forming  a  yellow 
crescent  in  the  periphery  of  their  protoplasm.  Soon,  this  col- 
oration disappears  and  the  yellow  crescent  is  replaced  by  a 
'rocky'  (sic)  formation  indicating  the  modification  undergone 
by  the  iodine  in  the  interior  of  the  leucocyte.  Its  presence 
may  be  discerned  by  chemical  reagents:  a  saturated  solution 
of  sublimate  gives  a  brown  precipitate  if  the  cell  contains  iodine 
only,  and  a  mixture  of  brilliant  red  and  reddish-brown  pre- 
cipitate if  an  iodo-iodine  solution  has  been  absorbed  by  it. 
These  reactions  are  no  longer  obtainable  after  a  certain  time, 
a  fact  which  appears  to  me  to  indicate  a  more  complete 
transformation  and  assimilation  of  the  iodine  by  the  protoplasm 
of  the  cell.  With  starch  the  reaction  is  still  more  temporary 
and  disappears  much  more  rapidly."  The  author  states,  more- 
over, that  when  iodine  is  assimilated  and  incorporated  into  the 

^^Gley:  See  also  Archives  de  physiol.,  vol.  xxiv,  p.  146,  1892;  0.  r.  de  la 
Soc.  de  biol.,  p.  843,  1891. 

™  Pagel:  Cited  by  Jeandelize:  Loe.  cit. 
"  M.  Labbe  and  Lortat- Jacob:  Loc.  cit. 
^  Labbe:   Presse  medicale,  Aug.  10,  1904. 
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organic  molecule,  it  is  no  longer  possible  to  detect  it,  at  least 
by  ordinary  methods,  and  that  "it  is  thus  found  combined  as 
thyroidine  in  the  thyroid."  This  applies  as  well  to  the  para- 
thyroids, since  we  have  seen  that  they  also  contain  iodine. 

The  fact  that  eosinophiles,  Welsh's  "oxyphiles,"  are  not 
phagocytes  suggests  that  these  cells  do  not  take  up  iodine.  Not 
only  do  they  absorb  it  in  eosinophilia — though  less  actively  than 
neutrophiles — but  the  fact  that,  in  normal  animals,  the  absorp- 
tion occurs  through  the  surface  or  periphery  of  this  cell — a  pro- 
cess which  differs  from  the  "englobing"  peculiar  to  phagocytes 
— suggests  that  the  eosinophiles  must  carry  on  the  physiolog- 
ical role  of  taking  up  this  halogen — owing,  I  may  add,  to  its 
identity  as  a  specific  tissue  constituent.  Drawn  chemotactically 
to  any  region  in  which  iodine  appears,  the  alimentary  canal,  the 
subcutaneous  tissues,  the  blood,  etc.,  the  cells  then  travel  to 
the  organ  in  which  it  is  either  stored  or  used  physiologically. 
Indeed,  while  Opie,^"  in  a  recent  comprehensive  study  of  this 
leucocyte,  states  that  "large  accumulations"  of  them  "are  not 
infrequently  noted  in  various  organs"  ....  "notably  in  the 
mucosa  of  the  g astro-intestinal  tract,  in  the  mucosa  of  the  air 
passages,  in  the  lymphatic  tissues  and  in  the  spleen,"  Levaditi"" 
quotes  the  observations  of  Seifert  and  Leredde  that  the  use  oi 
potassium  iodide  is  accompanied  by  an  increase  of  eosinophiles 
in  the  blood.  The  "digestion  leucocytosis"  affords  a  clear  ex- 
ample of  the  process,  though  in  the  present  connection  the 
oxyphile-eosinophiles  play  the  active  role  when  iodine  or  the 
iodides  are  ingested  or  injected  subcutaneously,  and  transfer 
them  to  special  tissues,  including  the  parathyroids. 

What  is  the  relationship  of  these  cells  to  the  elaboration  of 
the  iodine-laden  secretion  of  the  parathyroids  ? 

This  is  met,  to  a  certain  extent,  by  the  observation  of 
Labbe  that  the  iodine  is  transformed  chemically  in  the  leuco- 
cytes— to  such  a  degree,  in  fact,  that  after  a  given  time,  it 
forms  part  of  a  new  molecule  and  can  no  longer  be  detected 
by  tests  which  do  not  break  down  the  latter.  "These  transfor- 
mations," says  this  investigator,  "occur  under  the  influence  of 
the  active  ferments  contained  in  the  body  of  the  leucocytes ;  the 

^»  Opie:   Amer.  Jour.  Med.  Sci.,  Feb.,  1904. 

8"  Levaditi:    "Le  leucocyte  et  ses  granulations,"  p.  116,  1902. 
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oxidases,  the  presence  of  which  was  demonstrated  by  Portier, 
doubtless  play  an  important  role  in  these  chemical  reactions.'^ 
This  recalls  a  salient  feature  emphasized  in  a  preceding  chap- 
ter: that  leucocytes  are  minute  laboratories  in  which  com- 
pound substances  required  by  tissue-elements  are  built  up  ready 
for  use.  •  That  we  are  dealing  in  the  present  connection  with 
a  physiological  function  carried  on  by  certain  leucocytes  as  else- 
where is  evident;  the  specific  function  here  being  to  elaborate 
a  secretory  product  now  supposed  to  be  formed  by  glandular 
elements. 

This  conclusion  would  appear  to  be  weakened  by  the  fact 
that  iodine  in  relatively  large  quantities  may  be  obtained  readily 
from  the  parathyroids  and,  therefore,  before  it  is  bound  up  in 
the  organic  molecule.  This  does  not  hold,  however,  in  view  of 
the  fact  that  the  leucocytes  studied  by  Labbe  and  Lortat- Jacob 
were  observed  in  vitro.  The  intracellular  transformations 
noted,  therefore,  exemplified  those  which  occur  after  the 
specific  leucocytes  enter  the  parathyroids,  even  though  on 
reaching  the  organ  the  iodine  is  still  in  a  sufficiently  free  state 
to  be  isolated. 

It  now  becomes  a  question  as  to  the  manner  in  which  the 
eosinophiles  dispose  of  their  secretion  in  the  parathyroid. 

The  anatomical  characteristics  of  a  parathyroid  correspond 
very  closely  with  those  of  the  anterior  pituitary.  It  is  also  di- 
vided into  tubules  by  a  reticulum.  Welsh,  for  instance,  states 
that  "from  the  deep  surface  of  the  capsule  fibrous  septa  may  bo 
given  off  which  penetrate  the  gland  and  produce  an  irregular 
lobule  formation."  The  "lobules"  are  evidently  tubular  and 
contain  leucocytes,  for  Carnot  and  Delion'''  refer  to  the  presence 
in  tuberculous  parathyroids  studied  by  them  of  a  leucocytosis 
"in  their  epithelial  gut-like  tubes" — a  fitting  description  of  the 
anastomosing  tubules.  Their  mode  of  penetration  into  these 
cavities — by  migrating  therein— is  evidently  the  same  as  in  the 
anterior  pituitary,  for,  according  to  Minot,"^  "the  capillaries 
between  the  cell  masses  ....  may  be  regarded  as  sinusoids" 
— the  typical  arterial  channels  found  in  the  anterior  pituitary. 

The  blood  (and  its  leucocytes)  penetrates  into  the  organ 


«i  Carnot  and  Delion:    C.  r.  de  la  Soc.  de  biol.,  Oct.  21,  p.  321,  1905. 

«2  Minot:   Bohm,  Davidoff  and  Huber:  "Text-book  of  Histology,"  p.  321,  1905. 
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also  by  way  of  its  pedicle  and  is  distributed  by  a  fan-like  system 
of  irrigating  channels,  as  is  the  case  in  the  anterior  pituitary. 
MacCallum  describes  its  supply  as  made  up  of  a  "stalk  of 
minute  blood-vessels  which  spring,  in  the  case  of  the  upper 
gland  (unless  it  is  greatly  displaced),  from  the  superior  thyroid, 
while  those  supplying  the  lower  gland  arise  from  a  branch  of 
the  inferior  thyroid  artery."  Welsh"^  states,  however,  that 
"only  one  artery,  as  a  rule,  enters  each  parathyroid,  usually  at 
its  more  tapering  extremity.  It  then  runs  parallel  to  the  long 
axis  of  the  gland,  and,  on  transverse  section,  is  found  to  occupy 
a  more  or  less  central  position.  From  the  central  artery  lateral 
branches  are  given  off  at  frequent  intervals  along  its  course. 
They  do  not  pass  off  at  right  angles  to  it,  but  radiate  obliquely, 
being  directed  towards  the  broader  extremity  of  the  gland." 

A  parathyroid  differs  from  the  anterior  pituitary,  however, 
in  that  its  blood  is  returned,  at  least  in  great  part,  after  per- 
meating the  organ,  by  venous  sinuses  underlying  the  capsule. 
Thus  Welsh  writes:  "The  venous  return  is  effected  in  two 
ways:  (1)  By  venous  branches  accompanying  the  arteries  and 
opening  into  a  central  channel  which  runs  alongside  the  central 
artery  and  emerges  with  it.  The  veins  into  which  these  vessels 
discharge  vary  according  to  the  position  of  the  parathyroid. 
Thus  they  may  join  the  venous  branches  on  the  surface  of  the 
thyroid.  (2)  Numerous  venous  channels  lie  immediately  under- 
neath the  capsule  of  the  parathyroid,  and  form  the  delicate 
reticulum,  which  is  a  character  of  the  naked  eye  appearance 
of  the  gland.  Microscopically,  they  may  appear  as  dilated, 
thin-walled  sinuses.  They  do  not  seem  to  have  any  constant 
course,  but  empty  into  oesophageal,  tracheal,  or  thyroidal  veins 
indifferently." 

Interpreted  from  my  standpoint,  Welsh's  description 
indicates  the  itinerary  of  the  eosinophiles  in  a  parathyroid :  they 
enter  with  the  blood  of  the  central  artery  and  are  distributed 
through  the  intermediary  of  its  radiating  branches.  They 
migrate  through  the  walls  of  these  capillaries  and  into  the 
tubules  where  we  found  them. 

The  nature  of  the  functions  of  these  endogenous  cells 
may  be  surmised  from  their  behavior  in  the  anterior  pituitary : 

«3  Welsh:  Loc.  cit. 
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they  secrete  granulations  in  the  tubules  and  these,  dissolved 
in  the  plasma  (including  adrenoxidase,  as  will  be  shown)  derived 
from  the  capillaries,  form  the  secretion  of  the  organ.  We  will 
see  presently  that  "a  homogeneous  granular  substance"  which 
gives  the  reactions  of  the  colloid  is  present  around  the  vessels. 

What  is  the  nature  of  the  second  type  of  cells,  those  to 
which  Welsh  refers  as  the  "principal"  cells? 

The  fact  that  this  author  states  that  "no  matter  how  deeply 
the  cell  protoplasm  may  stain,  there  is  almost  never  any  distinct 
granularity,  and  that  in  the  exceptional  instances  in  which  it  is 
present,  the  granules  are  exceedingly  fine  and  take  on  only  basic 
dyes,"  suggests,  in  accord  with  the  prevailing  interpretation, 
that  they  are  simply  epithelial  cells.  Several  features  lead  me, 
however,  to  consider  them  as  basophile  leucocytes. 

The  absence  of  granulations  does  not  militate  against  this 
view,  since,  as  we  have  seen,  in  the  fifteenth  chapter,  these  cells 
readily  secrete  these  products.  The  "principal"  cells,  consid- 
ered in  this  light,  are  merely  basophiles  which  have  shed  their 
granulations.  Levaditi  states,  in  fact,  that  "basophile  granula- 
tions resist  but  slightly  dissolving  agents."'  Like  these  leuco- 
cytes, the  "principal"  cells,  as  stated  by  Welsh,  and  also  by 
Kolliker,®*  are  supplied  with  a  chromatic  network.  They  vary 
in  size,  thus  showing  transitional  phases  of  development,  which 
does  not  apply  to  true  epithelium.  In  the  pituitary,  "basophile 
cells"  which  presented  all  the  stain  affinities  peculiar  to  baso- 
phile leucocytes,  were  found  by  Launois  to  occur  in  groups  and 
form  a  lining  for  the  tubules.  Welsh  refers  to  a  similar  dis- 
posal of  his  principal  cells.  Another  feature  which  militates 
against  the  presence  of  a  true  epithelium  is  that  "the  granular 
cells  [eosinophiles,  which  vary  greatly  in  number  and  may  even 
be  absent]  occur  irregularly  scattered  among  the  principal  cells, 
either  singly  or  in  groups  of  three  or  four  without  definite 
arrangement." 

In  the  parathyroids,  basophiles  likewise  penetrate  into  the 
tubules,  for,  as  stated  by  Welsh,  they  form  in  certain 
areas  "isolated  masses"  surrounded  by  a  fine  "fibrillar  stroma" 
in  which  course  "delicate  capillaries"  or  "processes  of  dense 
fibrous  tissues  carrying  large  vessels."   They  are  evidently  the 


8*K611iker:    "Handb.  d.  Gewebelehre  d.  Mensch.,"  Bd.  iii,  H.  i,  S.  325.  1899. 


LEUCOCYTES  AS  THYROIDAL  SECRETING  CELLS.  1065 

source  of  a  secretion,  for  here  and  there  they  are  clearly 
"grouped  in  a  single  layer  around  a  small  circular  lumen"  con- 
taining a  "colloid  substance."  The  eosinophile  cells  are  also 
stated  by  Welsh  to  form  "definite  acini,  the  lumen  being 
occupied  by  a  mass  of  colloid  material."  These  are  not  true 
acini,  however.  As  Petersen*^^  says,  the  colloid  "presses  the 
cells  into  duct-shaped  structures." 

On  the  whole,  it  becomes  apparent  that,  judging  even  from 
the  meager  histological  work  available,  the  parathyroids  owe 
their  secretory  activity  to  the  presence  of  two  varieties  of  leuco- 
cytes which  are  known  to  secrete  their  products.  That  iodine- 
laden  eosinophilic  granulations  should  combine,  when  dissolved 
in  the  plasma,  with  the  phosphorus-laden  nucleo-proteid  granu- 
lations secreted  by  the  phosphorus-laden  basophiles,  and  with 
the  adrenoxidase  of  the  plasma  found  in  the  parathyroidal 
tubules,  is  not  only  suggested  by  the  facts  submitted,  but  also, 
as  I  will  show  in  another  section,  by  the  actual  presence  of  these 
substances  in  the  parathyroid  secretion. 

How  is  this  secretion  eliminated? 

The  oxyphiles  and  basophiles  are  mixed  in  certain  parts 
of  the  organ,  but  on  the  whole  those  of  the  one  variety  tend 
to  form  closely  packed  groups,  large  areas  appearing  to  be 
composed  of  only  one  kind  of  cell.  This  is  apt  to  be  the  case 
near  the  capsule,  i.e.,  in  close  proximity  to  the  sinuses  the  latter 
contains.  As  these  sinuses  are  channels  for  venous  blood,  they 
can  hardly  serve  for  the  elimination  of  the  secretion.  It 
appears  more  likely  that  the  colloid  substance  passes  into  peri- 
vascular lymphatics  and  through  these  to  what  Benjamins  has 
termed  the  "parathyroid  ducts."  In  the  ox,  Welsh  found  "a 
duct-like  structure"  containing  apparently  several  channels. 
Benjamins,"®  as  had  Kohn  in  1885,  also  found  passages  to  which 
he  gave  the  above  name.  "The  only  histological  indication  of  a 
duct  in  man"  observed  by  Welsh  "was  met  in  sections  of  a  large 
parathyroid,  in  which  a  few  large  spaces  were  found  lying  just 
outside  the  gland  tissue.  These  spaces  were  lined  by  cubical 
epithelium,  and  were  filled  with  colloid  matter  of  different 
degrees  of  density."   As  this  refers  to  the  pedicle  of  the  organ. 


"5  Petersen :  Virchow's  Archiv,  Bd.  174,  Nu.  3,  S.  413,  1903. 

Benjamins:    Ziegler's  Beitrage  z.  path.  Anat.,  Bd.  xxxi,  S.  143,  1902. 
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the  duct  or  ducts  accompanied  the  vessels.  Welsh's  observation 
harmonizes  with  that  of  Capobianco  and  Mazziotto/^  who  found 
that  the  blood-vessels  were  surrounded  by  spaces  that  contained 
a  homogeneous  granular  substance  which  gave  the  reactions  of 
the  colloid  substance — the  secretion  of  the  organs.  This 
suggests  the  identity  of  the  channels  which  the  secretions  ulti- 
mately reach,  for  the  description  of  the  Italian  investigators 
corresponds  with  that  of  perivascular  lymphatics. 

The  close  functional  relationship  between  the  parathyroids 
and  the  thyroid,  and  the  fact  that  the  former  or  their  pedicle 
are  sometimes  erribedded  in  the  parenchyma  of  the  latter — as  I 
have  observed  in  the  ox,  and  as  is  often  the  case  in  the  rat 
(Christiani)  and  common  enough  in  the  dog  (MacCallum) — 
suggest  that  the  secretion  of  the  smaller  organs  is  voided  into 
the  larger.  In  truth,  as  stated  by  MacCallum,®^  "it  is  rare  to 
find  them  [the  parathyroids]  very  intimately  connected  with 
the  thyroid."  As  shown  in  the  annexed  diagrams,  they  are  con- 
nected with  vessels  posterior  to  the  latter.  "Various  irregular 
combinations  of  these  relations  occur,"  says  MacCallum,  "and 
sometimes  one  or  other  of  the  glands  is  found  quite  widely 
separated  from  the  thyroid."  In  the  illustrations  annexed  to 
Welsh's  paper,  some  instances  are  shown  in  which  they  lie  on 
the  trachea  considerably  below  the  thyroid.  Rogers  and 
Fergnson'*''  refer  to  an  instance  in  which  "a  parathyroid  gland 
was  found  on  the  middle  of  the  posterior  surface  of  the  pharynx 
at  the  level  of  the  lower  border  of  the  cricoid  cartilage,  being 
far  distant  from  the  nearest  margin  of  the  thyroid  gland."  In 
Fig.  6  of  the  annexed  illustration,  although  complete  atrophy 
of  one  lobe  of  the  thyroid  had  occurred,  the  parathyroid  of  the 
corresponding  side  is  nevertheless  present.  The  perivascular 
lymphatic  networks  afford  a  ready  means  for  the  transfer  of 
the  parathyroid  secretion  to  larger  lymphatics  of  the  neck  and 
through  these  to  the  subclavian  veins,  and  finally  by  the  superior 
vena  cava  to  the  heart,  where  it  becomes  mixed  with  the  venous 
blood  from  the  entire  organism. 

The  thyroid  is  in  many  respects  a  counterpart  of  the  para- 
thyroids, as  may  be  shown  by  a  few  salient  facts.    The  struc- 

0'  Capobianco  and  Mazziotto:    Giorn.  Int.  de  Scienze,  Nos.  8,  9,  10,  1899. 
88  MacCallum:    Brit.  Med.  Jour.,  Nov.  10,  1906. 
•"Rogers  and  Ferguson:   Loc.  cit. 
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Fig.  1. — Organs  of  neck  from  be- 
hind. Four  parathyroids  in  their 
most  usual  position. 


Pig.  3.— The  left  upper  and  right 
lower  glands  are  in  their  most  typical 
position.  The  right  upper  gland  lies 
in  the  region  of  the  inferior  thyroid 
artery,  the  left  lower  gland,  supplied 
by  a  long  arterial  branch,  is  em- 
bedded in  the  posterior  surface  of  the 
thyroid  near  its  outer  margin. 


Pig.  5. — Two  parathyroids  exist  on 
the  left  side.  On  the  right  only  one 
large  gland  is  to  be  found. 


Fig.  2. — The  two  upper  parathyroid 
glands  lie  close  to  the  lower  pair, 
which  are  in  their  usual  position. 


Fig.  4. — The  two  upper  parathyroids 
are  in  the  common  position.  The  two 
lower  glands  lie  on  the  anterior  sur- 
face of  the  trachea. 


Fig.  6. — On  the  right  side  the  condi- 
tion is  practically  normal;  on  the  left 
the  thyroid  lobe  is  almost  completely 
atrophied,  but  the  parathyroids  are 
found  in  about  the  usual  situation. 


Anatomical.  Relations  of  the  Parathyroids.  (MacCallum.) 
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ture  of  its  framework  has  recently  been  carefully  studied  by 
J.  Marshall  Plint.'^''  "Almost  the  entire  organ,"  says  this 
anatomist,  "is  made  up  of  follicles,  the  form  and  relations  of 
which  are  retained  by  the  connective  tissue  which  embraces 
them"'  ....  "small  arterioles,  venules  and  capillaries  can  be 
made  out  in  the  interfollicular  framework  or  on  the  membranes 
which  embrace  the  follicles"  ....  "at  times  fine  bundles  run 
across  the  basement  membranes.  These,  in  some  places,  form 
the  walls  of  the  capillaries."  That  such  a  structure  is  well 
adapted  for  the  transmigration  of  leucocytes,  as  I  have  sug- 
gested, is  well  shown  in  Fig.  1  of  the  annexed  plate,  which  rep- 
resents the  framework  after  its  contents  have  been  eliminated 
by  Flint's  digestive  method.  He  also  writes :  "By  many  it  has 
been  supposed  that  the  follicles  enlarge  until  they  rupture  like 
the  Graafian  follicles  of  the  ovary,  and  that  their  contents  are 
then  carried  to  the  systemic  circulation  through  the  lymphatics. 
Others  have  held  that  the  products  of  glandular  activity  passed 
into  the  circulation  through  the  membranes  by  osmosis.  At 
any  rate  in  the  specimens  of  human,  dog's  and  monkey's  thyroid 
where  the  membranes  are  distinctly  visible,  no  evidence  of 
rupture  is  seen  in  any  of  them.  The  meshes  are  unquestion- 
ably large  enough  for  the  nourishment  and  end-products  of 
glandular  activity  to  pass  to  and  from  the  cells  through  the 
reticulated  membranes." 

The  shape  of  the  follicles  is  likewise  that  of  the  tubules 
in  the  parathyroids  and  anterior  pituitary.  Streilf^  described 
them  as  "ovoid  saccules  or  short-branched  tubules  with  frequent 
diverticula."  He  concluded,  however,  that  they  did  not  com- 
municate, and  that  they  were  separated  by  their  connective  tissue 
walls.  Interpreted  from  my  standpoint,  such  a  structure  an- 
swers perfectly  for  the  free  immigration  and  emigration  of  leu- 
cocytes. Flint  says  in  this  connection:  "While  the  shape  of 
the  follicles  is,  in  general,  ovoid  or  spheroid,  they  are  so  closely 
packed  together  that  it  is  possible  to  find  examples  of  almost 
any  conceivable  form;  some  are  occasionally  elongated,  some 
polygonal,  others  prismatic,  and  still  others  almost  cylindrical, 
but  the  predominating  type  is  distinctly  ovoidal  or  spheroidal." 

■">  J.  Marshall  Flint:   Johns  Hopkins  Hosp.  Bull.,  Feb.,  1903. 
'1  Streiff:    Cited  by  Ferguson:  "Normal  Histology  and  Microscopical  Anat- 
omy," p.  451,  1905. 
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This  is  well  shown  in  the  annexed  plate,  also  from  Flint's 
paper,  the  walls  being  those  upon  which — according  to  my 
views — the  leucocytes  adjust  themselves  in  more  or  less  orderly 
fashion,  to  form  the  so-called  "glandular  epithelium." 

That  leucocytes — and  other  blood  constituents — traverse 
the  meshes  of  the  framework  is  illustrated  by  the  fact  that 
Baber'^  found  that  the  viscid  fluid  in  the  follicles — the  colloid 
— often  contains  blood  (and  therefore  adrenoxidase) ;  and  fur- 
thermore, that  large  round  cells  "migrate  into  the  interior  of 
the  gland-vesicles."  There  are  no  round  cells  other  than  leuco- 
cytes in  the  blood  that  "migrate;"  hence,  in  accord  with  what 
I  have  shown  in  the  case  of  the  anterior  pituitary  and  the  para- 
thyroids, leucocytes  evidently  enter  the  follicles.  Again,  I 
have  pointed  out  that  the  walls  of  the  follicles  in  the  organs 
were  formed  of  rows  of  leucocytes.  Baber  terms  the  migrating 
cells  referred  to  "parenchymatous  cells,"  owing  to  their  ten- 
dency to  form  part  of  the  glandular  parenchyma. 

That  leucocytes,  derived  from  intestinal  canal  or  the  blood, 
can  reach  the  thyroid  as  they  do  the  parathyroids,  i.e.,  with  the 
circulating  blood,  is  solf-evident.  Now,  the  characteristic  stains 
of  eosinophile  and  basophile  granulations  are  also  reproduced 
in  the  thyroid:  "All  follicles  which  possess  any  considerable 
lumen  contain  a  peculiar  acidophile  substance,  known  as 
colloid,"  writes  Ferguson,"  "which  is  apparently  formed  by  the 
secretory  activity  of  the  glandular  epithelium  lining  the  fol- 
licles. Colloid  is  a  homogeneous  or  very  finely  granular  sub- 
stance which  stains  readily  with  eosin."  Again :  "Occasionally 
a  single  large  vacuole,  often  containing  hasopliile  granules  or 
crystalloid  particles,  occupies  the  centre  of  the  colloid  mass  in 
the  large  follicles." 

In  the  microphotograph  from  Ferguson's  "Histology"^* 
reproduced  opposite  page  1070  (Fig.  2),  the  leucocytes — the 
supposed  granular  epithelium — are  not  arranged  in  the  beauti- 
ful, orderly  manner  usually  depicted  by  artists  in  the  text- 
books :  they  merely  spread  out  in  close  proximity  to  each  other 
promiscuously  around  the  follicles  (a)  and  may  even  accumulate 
indiscriminately  (b).  This  difEers  widely  from  the  true  secreting 


Baber:    Philosoph.  Transactions,  Pt.  iii,  1881. 
Ferguson:   Loc.  cit.,  p.  452. 
"  Ferguson:  Ibid. 
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epithelium,  that  of  the  salivary  glands,  the  minute  epithelium 
of  the  renal  convoluted  tubules,  the  intestinal  epithelium,  etc. 

The  granules  evidently  originate  from  the  cells,  for 
Ferguson  states  that  "the  cytoplasm  of  the  epithelium  is  finely 
granular  and  decidedly  acidophile"  and  that  "minute  spheroidal 
granules  which  give  the  color  reactions  of  the  colloid  are  also 
found  in  the  cytoplasm  of  the  epithelial  cells."  Finally,  he 
refers  to  the  fact  that  Hiirthle,  "by  staining  with  the  Biondi- 
Ehrlich  mixture,  succeeded  in  differentiating  two  types  of  cells, 
one  lightly  staining,  the  'chief  cells,'  the  other,  a  darker  colloid- 
containing  type  which  he  designated  as  'colloid  cells.'"  The 
correspondence  with  Welsh's  parathyroid  "principal  cells"  and 
the  eosinophiles  which  form  acini  "occupied  by  a  mass  of  colloid 
material"  is  obvious. 

The  manner  in  which  the  secretion  reaches  the  circulation 
coincides  also  with  the  corresponding  process  in  the  pituitary 
and  parath3^roids.  King  long  ago  traced  it  to  the  lymph-ves- 
sels. Biondi"  found  that  the  special  secretion  of  the  thyroid 
in  reptiles,  apes  and  other  mammalia  was  produced  by  the  cells 
lining  the  follicles  and  is  poured  out  into  the  neighboring 
lymph-spaces.  Zielinska'^'^  showed  that  although  the  colloid 
varied  in  amount  in  the  thyroids  of  dogs,  the  lymph-spaces  un- 
der the  capsule  and  the  parenchymatous  lymphatics  always  con- 
tained some.  Yassale  and  de  Brazza^^  discovered,  around  the 
follicles  of  the  thyroid,  a  rich  network  of  Ijrmphatics  filled  with 
colloid  substance  from  the  follicles;  and  also  a  similar  network 
in  the  capsule  of  the  gland.  Finally,  Zielinska^*  found  a  colloid 
substance  identical  with  that  in  the  lymphatics  of  the  gland,  in 
the  lymphatic  vessels  in  the  neighborhood  of  the  organ.  It  is 
evident,  therefore,  that,  as  is  the  case  with  the  parathyroid 
secretion,  it  passes  to  the  larger  cervical  lymphatics;  through 
these  to  the  subclavian  veins,  and  finally  by  way  of  the  superior 
vena  cava  to  the  heart. 

The  nerves  of  the  thyroid  have  alone  been  carefully 
studied.  Parameschko  found  that  both  the  arterioles  and  the 
parenchyma  were  supplied  with  fibers,  while  Crisafelli  showed 

■^^Biondi:    Berl.  klin.  Woch.,  Bd.  xxv,  S.  954,  1888. 

'"Zielinska:    Virchow's  Archiv,  Bd.  cxxxvi,  S.  170,  1894. 

"  Vassale  and  de  Brazza:   Arch,  ital.  de  Biologie,  T.  xxiii,  p.  292,  1895. 

T'Zielinska:   Loc.  cit. 
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that  the  vessels  were  surrounded  by  plexuses  which  also  in- 
volved the  parenchyma.  Using  the  Golgi  method,  Andersson'^* 
had  also  noted  that  they  followed  the  vessels  to  the  latter,  but 
Berkley*"  was  first  to  show  their  true  distribution  by  the  Golgi 
method,  viz.,  "a  meshwork  of  fibers  situated  almost  immediately 
upon  the  basal  surfaces  of  the  epithelial  cells  of  the  follicles." 
Interpreted  from  my  standpoint,  the  meaning  of  this  is  obvious : 
the  basal  membrane  facing  the  interior  of  the  tubules  is  lined 
with  a  meshwork  of  fibers  and  it  is  upon  these  that  the  leuco- 
cytes lie. 

That  the  thyroid  and  the  parathyroids  are  morphologically 
very  similar  as  to  the  nature  of  their  cellular  elements  is  evi- 
dent. Another  feature  asserts  itself  in  the  light  of  the  evidence 
submitted  above:  the  secretions  of  both  sets  of  organs — the 
thyroid  apparatus  as  Gley  calls  them — ^meet  in  the  superior 
cava  and  passing  to  the  heart,  must  inevitably  become  thor- 
oughly mixed  therein  ;  and  then  proceed  with  the  venous  blood 
from  the  organism  at  large  to  the  pulmonary  alveoli,  where,  as 
I  will  show  in  another  section,  they  are  taken  up  by  the  red 
corpuscles  to  be  distributed  to  the  body  at  large — including  the 
anterior  pituitary  body. 

This  evidence  has  served  mainly  to  suggest  that  both  the 
thyroid  and  the  parathyroids,  as  well  as  the  anterior  pituitary, 
owe  their  functional  activity  to  leucocytes  and  that  these  cells 
are  their  only  secretory  elements.  This  means  much  when 
the  functional  relationship  between  the  parathyroids  and  the 
thyroid  is  taken  into  account,  since,  as  will  be  shown  in  the  next 
section,  these  organs  jointly  influence  the  functional  activity 
of  the  test-organ  and  through  it  the  secretory  activity  of  the 
adrenals.  The  secretion  of  the  latter  becoming,  when  converted 
into  adrenoxidase,  the  active  agent  in  the  vital  process,  the 
thyroid  and  parathyroids  supply  a  link  with  the  vital  mechan- 
ism on  the  one  hand,  and  on  the  other,  through  the  leucocytes, 
another  link  with  external  agencies  whether  these  be  intro- 
duced through  the  alimentary  canal,  the  subcutaneous  tissues 
or  the  veins.  From  the  standpoint  of  therapeutics  and  im- 
munity, this  fact  is  of  commanding  importance,  since  it  places 


"Andersson:    Biol.  Forening  Forhand.,  Bd.  iv,  Hft.  5-6,  1891. 

8"  Berkley:   Johns  Hopkins  Hosp.  Reports,  Nos.  4  and  5,  p.  118,  1894, 
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in  our  hands  a  lever  by  means  of  which  we  can  control  the 
vital  activities  through  the  thyroid  apparatus  and  enhance,  as 
we  will  see  presently,  the  functional  efficiency  of  the  processes 
through  which  the  body  protects  itself  against  disease. 

On  the  whole,  the  following  conclusions  appear  warranted: 
(1)  the  thyroid  and  parathyroids  are  not,  as  now  believed,  true 
glandular  organs;  (2)  they  are  composed  of  a  capsule  contain- 
ing a  sponge-like  connective-tissue  reticulum,  the  meshes  of 
which  form  closed  tubular  cavities  lined  with  a  basement  mem- 
brane, the  follicles;  (3)  the  follicles  are  not  supplied,  as  now 
believed,  with  a  secreting  epithelium;  (4)  their  secreting  cells 
are  leucocytes  derived  from  the  alimentary  canal  or  the  circu- 
lation, which  enter  the  organ  with  its  blood,  migrate  through  the 
walls  of  the  capillanes  in  the  inter  follicular  septa  and  the  septa 
proper,  and  fix  themselves  to  the  follicular  basement  membrane 
more  or  less  evenly  side  by  side;  (5)  the  granules  of  these  leuco- 
cytes are  secreted  in  the  follicular  fluids  and  represent  the  active 
constituents  of  the  colloidal  secretion;  (6)  the  secretions  of  both 
organs  (thyroid  and  parathyroids)  leave  them  through  their 
lymphatics  and  ultimately  reach  the  superior  vena  cava,  the 
heart,  and  the  pulmonary  alveoli. 

What  is  the  role  of  the  secretion  formed  by  the  joint  action 
of  the  thyroid  and  parathyroids? 

THE  ADRENAL  SYSTEM  (THE  THYROID  APPARATUS,  ANTERIOR 
PITUITARY  AND  ADRENALS  COMBINED)   AS  THE 
AUTO-IMMUNIZING     MECHANISM  OF 
THE  ORGANISM. 

In  the  first  volume,  which  appeared  in  January,  1903,*^  I 
pointed  out  that  the  physiological  function  of  the  thyroid  gland 
was  "to  sustain  the  functional  efficiency  of  the  anterior  pitui- 
tary body  up  to  a  certain  standard,  by  means  of  its  secretion." 
Considerable  evidence  was  also  submitted,  showing  that  the 
thyroid  secretion,  by  stimulating  the  anterior  pituitary,  sus- 
tained the  secretory  activity  of  the  adrenals,  and  therefore 
the  activity  of  the  metabolic  processes  in  all  tissues;  and 
furthermore,  that  the  three  organs  thus  functionally  related — 


81  Cf.  also  Monthly  Cyclo.  of  Pract.  Med.,  Jan.,  1903;  Philadelphia  Med, 
Jour.,  Mar.  7,  1903. 
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the  thyroid,  the  anterior  pituitary  and  the  adrenals — consti- 
tuted what  I  termed  the  "adrenal  system." 

Although  four  years  have  elapsed  since  I  advanced  these 
views,  and  the  organs  involved  have  received  greater  attention 
than  ever  before,  my  position  has  not  been  weakened,  while 
conversely,  all  solidly  established  experimental  or  clinical  facts 
that  have  come  to  my  notice  have  only  served  to  demonstrate 
the  strength  of  the  doctrines  I  have  urged. 

In  the  present  volume,  I  have  submitted  so  far  considerable 
additional  evidence  to  the  effect :  (1)  that  the  adrenal  substance 
on  being  converted  into  adrenoxidase,  is  the  oxygenizing  agent 
of  the  entire  organism,  and  (2)  that  the  anterior  pituitary  body 
— its  test-organ — governs  the  functional  activity  of  the  ad- 
renals and,  therefore,  general  oxygenation.  The  third  organ 
of  the  adrenal  system,  the  thyroid  (including  the  parathyroids, 
the  secretion  of  which  is  included  in  that  distributed  to  the 
pituitary,  and  also  in  the  thyroid  extracts  we  use),  will  now  be 
shown  to  fulfill  the  role  I  had  originally  ascribed  to  it. 

The  cardinal  role  of  the  anterior  pituitary  body,  as  the 
governing  center  of  the  adrenals,  being  to  regulate  oxygen- 
ation, diminution  of  its  functional  activity  must  entail  a  corre- 
sponding reduction  of  the  oxygen  supplied  to  the  body  at  large 
and,  thel-efore,  a  reduction  of  the  general  temperature.  We 
have  seen  that  removal  of  the  pituitary  body  or  of  the  adrenals 
is  attended  by  a  steady  decline  of  the  temperature,  and  that 
this  is  a  characteristic  symptom  of  Addison's  disease.  On  the 
other  hand,  I  have  shown  that  the  anterior  pituitary  body  was 
the  general  heat  center  and  that  it  raised  the  general  tempera- 
ture by  stimulating  the  adrenals  and,  therefore,  the  oxygenation 
of  the  body  at  large.  Under  these  conditions,  if,  as  I  hold,  the 
functional  activity  of  the  anterior  pituitary  body  is  sustained 
by  the  secretion  of  the  thyroid  gland,  overactivity  of  this  organ, 
or  thyroid  extract,  should  cause  a  rise  of  temperature,  while 
conversely,  removal  of  the  gland  or  disorders  capable  of  re- 
ducing its  efficiency  as  a  secreting  organ  should  cause  a  fall  of 
the  temperature.  Ample  physiological  and  clinical  testimony 
is  available  to  demonstrate  that  these  conditions  are  satisfied. 

From  the  standpoint  of  physiology,  Geo.  K.  Murray,*^ 

M  G.  R.  Murray:   Brit.  Med.  Jour.,  Jan.  25,  1896. 
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after  describing  the  morbid  phenomena  that  occurred  in  a  rab- 
bit after  incomplete  removal  of  the  thyroid,  refers  to  the  "simi- 
larity between  the  condition  developed  and  that  which  develops 
in  man  and  in  monkeys  after  thyroidectomy,  as  shown  by 
the  hebetude,  swelling,  loss  of  hair,  dryness  of  skin  and  low 
temperature."  J.  Lorrain  Smith*^  observed  "a  steady  fall  of 
body  temperature"  in  every  animal  (cats)  in  which  he  had  per- 
formed thyroidectomy.  Edmunds^*  states  that  after  removal 
of  goiters  the  temperature  is  "generally  subnormal."  In  the 
cat,  Jeandelize^^  noted  a  fall  of  nearly  3°  C.  (5.4°  P.)  though 
the  animal  was  not  then  moribund,  three  days  after  "para- 
thyroidectomy," meaning  thereby  the  careful  removal  of  the 
thyroid  and  parathyroids.  In  a  kitten  in  which  he  had  left 
two  parathyroids,  he  also  observed  "lowering  of  the  tempera- 
ture," though  the  post-operative  life  was  prolonged.  Eeferring 
to  experiments  by  Gley,  Eouxeau  and  Hofmeister  in  rabbits,  in 
which  removal  of  the  thyroid  was  followed  somewhat  later  by 
that  of  the  parathyroids,  Jeandelize  states  that  "paralysis,  hy- 
pothermia and  chronic  phenomena  seemed  to  dominate  the 
scene."  Eouxeau^"  in  fact  states  that  in  his  animals  "hypother- 
mia was  practically  constant  and  often  rather  accentuated  from 
the  start."   This  applies  to  all  animals,  including  man. 

Conversely,  the  effects  of  thyroid  extract  on  the  tem- 
perature are  well  known.  Thus  Chantemesse  and  Marie,  and 
Ballet  and  Enriquez  (Popoff")  obser\'ed  a  rise  of  temperature  in 
animals  after  the  administration  of  thyroid  extract.  Similar 
observations  have  been  recorded  by  Gueorguiievsky,®^  Bourne- 
ville*^  and  others.  Lewis  C.  Bruce,^'*  having  used  it  in  60  cases, 
found  that  it  caused  fever.  In  an  experimental  study  Otf^ 
was  also  led  to  conclude  that  thyroid  produced  a  rise  of  tem- 
perature, i.e.,  that  it  was  "a  pyrogenic  agent."  "That  thyroid 
overdosage  does  quicken  the  pulse,  raise  the  temperature  and 
cause  loss  of  weight,"  says  P.  C.  Shattuck,''^  "admits  of  no 

83  J.  Lorrain  Smith:    Jour,  of  Physiol.,  vol.  xvi,  p.  378,  1894. 

Edmunds:    Practitioner,  April,  1901. 

Jeandelize:    Loc.  cit.,  p.  45. 
8^  Rouxeau:   Archives  de  physiologie,  T.  xxix,  p.  136,  1897. 
8'  Popoff:    Arch.  gen.  de  med.,  Oct.,  1899. 
88  Gueorguiievsky :    These  de  St.  Petersburg,  1896. 
8°  Bourneville:    Arch,  de  neurol.,  Sept.,  1896. 

Lewis  C.  Bruce;    Jour.  Mental  Science,  Oct.,  1895. 
»i  Ott:    Medical  Bulletin,  Oct.,  1897. 

»2  F.  C.  Shattuck:   Boston  Med.  and  Surg.  Jour.,  June  30,  1904. 
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doubt."  He  refers  to  a  case  in  which,  under  the  influence  of 
excessive  doses,  the  temperature  from  subnormal  rose  to 
103°  F. 

Additional  evidence  from  the  standpoint  of  clinical  medi- 
cine is  afforded  by  the  fact  that  the  two  diseases  now  generally 
ascribed  to  inadequate  activity  of  the  thyroid,  myxoedema  and 
cretinism,  both  present  hypothemiia  as  a  prominent  s3Tnptom. 
Thus  while  Osier  and  Norton"*  state  that  the  temperature  of 
cretins  is  "invariably  subnormal"  and  that  "they  suffer  from 
cold,"  Tyson"*  says  that  in  myxoedema  "subnormal  temperature 
is  characteristic,  though  in  the  early  stages  the  temperature 
may  be  normal  or  slightly  above.  In  winter  the  patient  always 
feels  cold  and  hugs  the  stove."  Levi  and  de  Eothschild"'^  have 
shown  recently,  moreover,  that  aside  from  these  diseases,  a 
large  number  of  disturbances  attended  with  hypothermia,  ob- 
jective and  subjective,  and  often  accompanied  by  vasomotor 
disorders,  cyanosis,  neuralgia,  chilliness,  etc.,  are  in  reality  due 
to  hypothyroidia  and  yield  to  thyroidal  treatment.  Hertoghe"*^ 
refers  to  a  case  in  which  recurrent  chills  had  suggested  the  use 
of  quinine  in  large  quantities ;  then,  on  the  plea  that  hysteria 
was  present,  to  the  equally  fruitless  use  of  the  bromides.  The 
chills  yielded  promptly  to  thyroid  extract,  but  returned  as  soon 
as  its  use  was  discontinued. 

Suggested  in  this  connection  is  the  fact  that  the  process 
through  which  the  temperature  is  raised  or  depressed  by  the 
thyroid  apparatus  or  its  extracts  has  remained  obscure,  though 
many  tentative  theories  unsupported  by  evidence  have  been 
vouchsafed.  This  is  a  normal  result  of  the  fact  that,  as  re- 
cently stated  by  Laulanie  (1905),"''  physiologists  ("we")  "are 
absolutely  ignorant  of  the  mechanism  of  organic  oxidation." 
AVith  the  adrenal  secretion  as  the  basis  of  oxygenation,  the  test- 
organ  of  the  anterior  pituitary  body  as  the  adrenal  center,  and 
the  secretion  of  the  thyroid  apparatus  as  the  physiological  stim- 
ulus of  the  test-organ,  we  have  an  explanation  sustained  not 
only  by  physiological  and  clinical  evidence,  but  also,  we  have 

''Osier  and  Norton:   Sajous's  "Cyclo.  of  Pract.  Med.,"  vol.  iii,  p.  485,  1905. 

"Tyson:    "Practice  of  Medicine,"  third  edition,  p.  678,  1903. 

"^Lfivi  and  de  Rothschild:    C.  r.  de  la  Soc.  de  biol.,  Oct.  26,  1906. 

^  Hertoghe:    La  med.  pratique,  Nov.,  1906. 

"  Laulanig:    "Elements  de  physiologic,"  Paris,  1905. 
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seen,  by  the  teachings  of  comparative  zoology  and  physiological 
botany. 

Again,  I  have  pointed  out  that,  owing  to  its  role  as  the 
governing  center  of  the  adrenals,  and,  therefore,  of  general 
oxygenation,  the  test-organ  of  the  pituitary  governed  tissue 
metabolism.  If  the  thyroid  gland  sustains,  by  its  secretion, 
the  functional  efficiency  of  this  organ,  and,  through  it,  oxygen- 
ation, it  should  also  influence  metabolism.  Here  again,  phy- 
siology and  clinical  medicine  harmonize  in  showing  that  this 
influence  is  very  marked. 

Kemoval  of  the  thj^roid,  we  have  seen,  causes  a  steady  fall 
of  the  temperature.  This  should,  if  my  view  that  this  organ 
influences  oxygenation  through  the  adrenals  is  sound,  reduce 
the  proportion  of  secretion  in  the  blood  and  cause  a  corre- 
sponding reduction  of  its  power  to  take  up  oxygen.  Albertoni 
and  Tizzoni"**  observed  that  after  thyroidectomy  "the  blood 
showed  less  power  to  fix  oxygen."  Again,  as  I  have  shown 
that  the  adrenal  secretion  formed  part  of  the  haemoglobin 
molecule,  the  latter  should  show  diminution:  Masoin*"  found 
that  "the  relative  qiiantity  of  oxyhgemogiobin  in  the  blood  was 
diminished  in  proportion  as  the  morbid  results  of  thyroid- 
ectomy progressed."  That  the  thyroid  should  be  able  to  in- 
fluence metabolism  imder  these  conditions  is  evident;  that  it 
does  so  is  made  apparent  by  the  following  testimony: — 

Swale  Vincent^""  published  recently  (1906)  such  a  succinct 
and  withall  comprehensive  review  of  the  subject  that  excerpts 
from  his  text  will  be  submitted  as  evidence: — 

"The  discovery  of  iodine  in  the  thyroid  gland  by  Bau- 
mann^"^  and  the  isolation  of  thyroiodin  as  the  probable  active 
principle  led  observers  to  test  the  action  of  this  last  upon 
metabolism.  Treupel,'"-  Grawitz,"^  David,^°*  and  Dinkler,^"^' 
by  observations  on  the  human  subject,  and  Eoos,^"®  who  used 
a  small  dog,  came  to  the  conclusion  that  thyroiodin  influenced 

18  Albertoni  and  Tizzoni:  Cited  by  Maragliano:  Gaz.  degli  Osped.,  Oct.  20, 
1894. 

«»Masoin:    Bull,  de  I'Acad.  de  med.  de  Belgique,  No.  1,  p.  88,  1895. 
™  Swale  Vincent:    Lancet,  Aug.  18,  1906. 

"iBaumann:    Zeit.  f.  physiol.  Chemie,  Bd.  xxi,  S.  319,  1895. 
io2Treupel:    Miinch.  med.  Woch.,  Bd.  xliii,  Nu.  6,  S.  117,  1896,  and  Nu.  38, 
S.  884. 

lo^Grawitz:    Ibid.,  Bd.  xlili,  Nu.  14,  S.  312,  1896. 
i»*  David:    Zeit.  f.  Heilkunde,  Bd.  xvii,  S.  439,  1896. 

Dinkier-    Munch,  med.  Woch.,  Bd.  xliii,  Nu.  32,  S.  513,  1896. 
i"'  Rods:    Zeit.  f.  physiol.  Chemie,  Bd.  xxi,  S.  19,  1895. 
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metabolism  in  the  same  way  as  the  thyroid  gland  substance 
itself,  in  that  the  body  weight  diminished  and  the  nitrogen 
secretion  increased. 

"Some  experiments  of  short  duration  are  recorded,  di- 
rected to  the  estimation  of  the  oxygen  taken  in  and  the  carbon 
dioxide  given  out  during  thyroid  administration.  These  res- 
piration experiments  were  carried  out  after  the  Zuntz-Gep- 
pert  method.  Magnus-Levy^*"  found  in  a  normal  man  during 
the  exhibition  of  thyroid  glands  a  not  very  distinct  increase  of 
the  oxygen  intake  and  the  carbonic  acid  output.  Later  ex- 
periments by  the  same  author^"*  on  a  myxcedematous  patient 
gave,  on  the  other  hand,  an  increase  of  80  per  cent,  in  the 
oxygen  intake  under  the  influence  of  thyroid,  and  43  per  cent, 
under  the  influence  of  iodothyrin. 

"The  experiments  of  Stiive^"^  on  a  healthy  man  showed 
an  increase  of  oxygen  intake  of  20-23  per  cent.,  and  a  some- 
what smaller  increase  of  carbon  dioxide  excretion.  Thiele  and 
Nehring^^"  also  found  an  increase  of  oxygen  intake  amounting 
to  20  per  cent.;  the  carbon  dioxide  output  was  smaller  and 

irregular  SchondorfE"^  has  performed  a  series  of  very 

careful  experiments  of  long  duration  upon  dogs,  and  has 
reached  the  conclusion  that  metabolic  processes  are  distinctly 
increased  by  the  administration  of  thyroid  substance.  There 
is  at  first  no  influence  on  proteid  metabolism,  but  an  increase 
in  nitrogenous  excretion  from  increased  elimination  of  nitro- 
gen-holding extractives  already  present  in  the  body.  The  body 
fat  is  first  used  up.  After  a  certain  period,  however,  the  pro- 
teid is  also  attacked.  On  stopping  the  thyroid  administration, 
the  metabolism  returns  to  normal,  while  renewed  administra- 
tion leads  to  increased  nitrogenous  excretion." 

This  occurs  likewise  when  the  thyroid  gland  is  overactive, 
as  in  exophthalmic  goiter.  Hirschlaff"^  found  the  "metabolic 
processes  most  surprisingly  active."  In  one  case  the  gaseous 
interchange  was  found  77  per  cent,  greater  than  that  of  a  nor- 

1"  Magnus-Levy:    Berl.  klin.  Woch.,  Bd.  xxxii,  S.  650,  1895. 

"8  Magnus-Levy:    Deut.  med.  Woch.,  Bd.  xxii,  Nu.  31,  S.  491,  1896. 

Stiive:  Festschrift  des  Stadtischen  Krankenhauses  in  Frankfurt  am 
Main,  Sept.,  1896. 

""Thiele  and  Nehring:    Zeit.  f.  klin.  Med.,  Bd.  xxx,  S.  41,  1896. 

"1  Schondorff:    Pfluger's  Arch.,  Bd.  Ixvii,  S.  395,  1897. 

i^Hirschlaff:   Zeit.  f.  klin.  Med.,  Bd.  xxxvi,  Hft.  3-4,  S.  200,  1898-99. 
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mal  girl  of  about  the  same  weight.  Salomon^^''  also  found  the 
0  intake  decidedly  increased.  Scholz^^*  found  that  when  thy- 
roid extract  was  administered  to  such  a  case  the  excretion  of 
phosphoric  acid  was  increased  tenfold,  while  in  a  normal  sub- 
ject the  increase  was  only  25  per  cent.  The  great  increase  of 
0  intake  is  often  such  as  to  cause  considerable  discomfort, 
which  the  patient  describes  as  "flushings,"  "hot  waves,"  etc. 
The  emaciation,  rapid  breathing,  duskiness,  muscular  cramps, 
etc.,  also  point  to  excessive  oxygenation. 

Easterbrook,^^^  after  a  careful  study  of  the  influence  of 
thyroid  extract  in  a  large  number  of  cases  of  various  kinds, 
concluded  that  "thyroid  is  a  profound  catabolic  stimulant,"  and 
that  "it  greatly  accelerates  the  splitting  up  and  oxidation  of 
the  tissues."  Administered  in  exophthalmic  goiter  (before  the 
cachectic  or  breaking-down  period)  thyroid  extract  should 
prove  harmful.  Tyson,^^®  referring  to  Greenfield,  states  that 
"thyroid  in  excess  produces  tachycardia,  tremor,  headache, 
sweating,  and  prostration,  symptoms  of  Graves's  disease,"  and 
that  "when  administered  during  the  disease,  it  aggravates  the 
symptoms."  This  applies  also  to  parathyroid  extracts.  James 
J.  Walsh^^'^  concludes,  after  using  the  latter,  "I  do  not  think 
that  parathyroid  extract  produces  any  benefit  in  cases  of 
Graves's  disease,  and  that  if  employed  in  large  doses,  even  for 
a  few  days,  or  in  small  doses  for  many  days,  it  will  produce  an 
exacerbation  of  symptoms  not  unlike  those  which  are  produced 
by  the  ingestion  of  a  certain  amount  of  thyroid  substance." 

All  this  shows  clearly  the  marked  influence  of  the  thyro- 
parathyroid  apparatus  upon  the  intake  of  oxygen,  the  output 
of  carbon  dioxide,  phosphoric  acid,  nitrogen,  etc.,  i.e.,  upon 
metabolism — precisely  the  function  carried  on  by  the  adrenals 
through  the  intermediary  of  the  anterior  pituitary. 

That  overactivity  of  the  anterior  pituitary  is  capable  of 
causing  excessive  metabolism  and  overnutrition,  is  emphasized 
by  the  osseous  and  muscular  overgrowth  that  occurs  in  the 
erethic  stage  of  acromegaly.  Marie  termed  this  disease  a  "sys- 
temic dystrophy"  of  pituitary  origin,  while  Tamburini,  Harlow 

"3  Salomon:    Berl.  klin.  Woch.,  Bd.  xli,  S.  635,  1904. 
"*Scholz:    Centralbl.  f.  inn.  Med.,  Bd.  xvi,  S.  1041,  1069,  1895. 
Easterbrook:    Lancet,  August  27,  1898. 

Tyson:    "Practice  of  Medicine,"  third  edition,  p.  672,  1903. 
James  J.  Walsh:   Amer.  Med.,  May  20,  1905. 


THE  ADRENAL  SYSTEM  AS  IMMUNIZING  MECHANISM. 


1079 


Brooks,  and  Mitchell  and  Le  Count,  as  stated  in  the  first  vol- 
ume, and  more  recently  by  D.  D.  Lewis"*  have  shown,  not  only 
that  the  anterior  lobe  was  the  seat  of  the  lesion,  but  that  the 
latter  was  due  to  "hyperplasia  of  the  chromophile  cells" — a 
suggestive  condition  in  view  of  my  interpretation  of  the  func- 
tions of  this  organ.  Benda's"**  conclusion  (1891)  that  this 
probably  indicates  "an  excessive  activity  of  the  gland,"  Woods 
Hutchinson's^-"  belief  that  the  pituitary  "is  the  growth  center 
or  at  any  rate  the  proportion  regulator  of  the  skeleton,"  indi- 
cate that,  although  unaware  of  the  nature  of  the  process,  in- 
vestigators have  connected  the  pituitary  with  nutrition.  This 
applies  as  well  to  the  question  in  point:  Fuchs^*^  remarks  in 
a  study  of  the  tumors  of  the  pituitary:  "Very  important  in 
this  connection  is  the  influence  exerted  by  the  pituitary  upon 
the  bodily  metabolism." 

It  is  plain,  therefore,  that  the  thyroid  secretion  can, 
through  the  anterior  pituitary,  sustain  metabolism  through  the 
body  at  large.  Here  again,  the  prevailing  obscurity  as  to  the 
manner  in  which  thyroid  extract  influences  metabolism  affords 
in  itself  cogent  testimony  in  favor  of  an  interpretation  which 
accounts  so  readily  for  recorded  experimental  and  clinical 
facts.  This  becomes  all  the  more  evident  when  we  realize  that 
physiologists  have  failed  to  explain  metabolism,  as  shown  by 
Foster^s  previously  quoted  conclusion  that,  after  all,  it  "con- 
sists of  guesses  and  gaps."  With  the  thyroid  apparatus  as  the 
source  of  a  secretion  which  sustains  the  functional  activity  of 
the  anterior  pituitary,  i.e.,  of  the  sensory  test-organ  which  gov- 
erns the  adrenals,  and  with  the  adrenal  secretion  as  the  active 
factor  in  metabolism,  we  have  a  chain  composed  of  solidly 
forged  links. 

The  fimctional  relationship  between  the  thyroid,  the  an- 
terior pituitary  body,  and  the  adrenals  is  further  shown  by  the 
fact  that  each  of  these  organs,  when  overactive,  can  provoke 
glycosuria.  I  pointed  out  this  fact  in  the  first  volume^'^^  and 
submitted  additional  evidence  in  the  present  volume^^*  as  to 

"8  D.  D.  Lewis:    Johns  Hopkins  Hosp.  Bull.,  May,  1905. 
HI  Benda:   Cited  by  Lewis:  IMd. 

120  Woods  Hutchinson:    Osier's  "Practice  of  Medicine,"  p.  1143,  1898. 
i^iFuchs:   Wien.  klin.  Woch.,  Bd.  xvi,  S.  m,  1903. 
^  Cf.  vol.  i,  pp.  362  to  420. 
Cf.  this  vol.,  p.  1021. 
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the  role  of  the  pituitary  and  adrenals.  The  supplementary 
evidence  concerning  that  of  the  thyroid  need  alone,  therefore, 
be  adduced. 

That  overactivity  of  the  thyroid  can  cause  glycosuria  is 
shown  by  the  fact  that  it  is  commonly  observed  in  exophthalmic 
goiter,  a  disease  in  which  the  thyroid  is  admittedly  overactive. 
In  some  cases,  in  fact,  glycosuria  occurs  prior  to  the  develop- 
ment of  the  more  typical  symptoms  of  the  disease,  exophthal- 
mos, enlargement  of  the  thyroid,  etc.  Cases  in  which  the 
sugar  occurs  as  a  symptom  of  the  general  disease — those  which 
interest  us  in  the  present  connection — have  been  reported  by 
Lauder  Brunton,^^*  Barnes,''^  Launois,^-®  who  refers  to  twenty- 
six  cases  reported  by  others,  including  two  by  Lepine,  Souques 
and  Marinesco,^^^  Kleinwachter,^**  Pitres,^^*  and  many  other 
clinicians. 

That  irrespective  of  such  diseases,  overactivity  of  the  thy- 
roid can  provoke  glycosuria  has  moreover  been  pointed  out  by 
Arnold  Lorand,""  who  found  that  thyroid  extract  exceeded 
adrenal  extract  in  activity  in  this  particular,  and  that  it  could 
bring  on  glycosuria,  "and  even  its  higher  degree,  true  diabetes." 
Bosanquet^^^  observed  a  case  of  combined  "diabetes  and  myxoe- 
dema."  Many  such  have  been  reported;  but  this  is  not  true 
diabetes:  it  is  the  form  in  which,  as  I  have  previously  shown,^^^ 
the  ingested  sugar  is  absorbed  and  eliminated  without  first  be- 
coming converted  into  glycogen.  It  may  also  occur,  in  fact,  in 
the  terminal  or  cachectic  stage  of  acromegaly.^^^  But  this  does 
not,  in  the  least,  invalidate  the  fact  that  overactivity  of  the 
thyroid  also  evokes  glycosuria  by  causing  indirectly  a  too  ac- 
tive conversion  of  glycogen  into  sugar.  Lorand  found  that 
"by  giving  thyroid  extract  all  the  symptoms  of  true  diabetes 
could  be  produced,"  and  refers  to  cases  recorded  by  Ewald^^* 

i=*  Lauder  Brunton:   St.  Bartholomew's  Hosp.  Reports,  vol.  x,  p.  253,  1874. 

i-i^  Barnes:    Brit.  Med.  Jour.,  June  1,  1889. 

i-«  Launois:    Lyon  rued.,  vol.  xxix,  p.  46,  1897. 

1^  Souques  and  Marinesco:  Bull,  med.,  June  16,  1897. 

^  Kleinwachter:    Centralbl.  f.  Gynacol.,  Bd.  xvi,  S.  181,  1892. 

i2»Pitres:    Le  bull,  med.,  Aug.  18,  1897. 

""Arnold  Lorand:  Ann.  de  la  Soo.  roy.  d.  sc.  med.  et  nat.  de  Bruxelles, 
T.  xii,  fasc.  4,  1903;  Trans.  Pathol.  Soe.  of  London,  vol.  Ivii,  Pt.  1,  1906;  Monthly 
Cyclo.  of  Pract.  Med.,  Aug.,  1906. 

"1  Bosanquet:    Lancet,  June  10,  1905. 
Cf.  vol.  i,  p.  418. 
OA  also  vol.  i,  pp.  154,  197,  365. 
i"Ewald:    Berliner  klin.  M^och.,  Bd.  xxxil,  li,  S.  25,  55,  1895. 
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and  Beclere/^^  in  which  diabetes  was  brought  on  by  "treat- 
ment with  large  doses  of  thyroid  extract." 

That  a  functional  link  exists  between  the  thyroid  and  the 
anterior  pituitary  body  in  this  connection  is  well  shown  by  the 
fact  that  in  cases  of  acromegaly  (the  true  form  of  which  is 
due  to  hypertrophy  of  the  anterior  pituitary  only,  as  shown  by 
Tamburini,"®  Harlow  Brooks/"  Lewis  and  others)  in  which 
diabetes  is  present,  the  thyroid  is  also  found  "hypertrophied, 
with  much  colloid,"  as  illustrated  by  cases  reported  by 
Pineles,^'''  Hansemann,"^  Ferrand,""  Harlow  Brooks,^"  Dalle- 
magne,^*^  and  others."*  Indeed,  Lancereaux^**  and  others  have 
reported  cases  in  which  acromegaly,  exophthalmic  goiter  and 
glycosuria  were  present  simultaneously. 

Once  more  are  we  confronted  with  a  condition,  the  patho- 
logy of  which  has  remained  obscure.  Tyson,"^  for  example, 
states,  referring  to  diabetes,  that  "there  is  no  disease  concern- 
ing which  so  much  accurate  knowledge  has  been  arrived  at, 
and  of  the  true  pathology  of  which  we  are  so  thoroughly  in 
the  dark."  An  overactive  thyroid,  by  exciting  the  anterior 
pituitary  and  through  its  test-organ,  the  adrenals,  accounts 
clearly  for  at  least  one  way  in  which  it  can  be  produced.  (We 
will  see  elsewhere  that  many  drugs  and  poisons  can  cause  it  by 
exciting  directly  the  test-organ.)  As  previously  shown,  the 
investigations  of  Blum,  Croftan,  Herter  and  others  have  dem- 
onstrated that  adrenal  extractives  produce  glycosuria. 

Now  that  the  relationship  between  the  thyroid  and  tissue 
metabolism,  i.e.,  the  vital  process — through  the  intermediary 
of  the  anterior  pituitary  and  the  adrenals — has  been  shown, 
many  clinical  facts  find  a  logical  explanation  which  so  far 
have  only  been  accounted  for  by  tentative  hypotheses  devoid  of 
foundation. 

Osier  and  Norton"^  state  that  "thyroid  extract  has  revo- 
lts Beci^re:   Gazette  med.  de  Paris,  1899;  cited  by  Lorand:  Loc.  cit. 
"«Tamburini:    Riv.  Sperm,  de  Fren.,  p.  559,  1894;  p.  414,  1895. 

Harlow  Brooks:    Arch,  of  Neurol,  and  Psych.,  vol.  i,  p.  485,  1898. 
I'spineles:    Jahrbuch  der  Wiener  Krankenanstalten,  pp.  256,  268,  1897;  cited 
by  Lorand:   Monthly  Cyclo.  of  Pract.  Med.,  Sept.,  1906. 

Hansemann:    Berl.  klin.  Vi^och.,  Bd.  xxxiv,  S.  417,  1897. 
140  Ferrand:    Revue  neurologique,  T.  Ix,  p.  271,  1901. 
'"Harlow  Brooks:   Loc.  cit. 

"2  Dallemagne:    Archives  de  med.  exp§rimentale,  etc.,  T.  vli,  p.  589,  1895. 
Cited  by  Lorand:    Loc.  cit. 

Lancereaux :   La  semaine  mSdicale,  Feb.  3,  1895. 
"'Tyson:    Loc.  cit.,  p.  797. 
"'Osier  and  Norton:   Loc.  cit.,  p.  496. 
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lutionized  the  treatment  of  cretinism,"  and  that  such  "children 
show  a  most  astonishing  rapidity  of  growth  during  the  first 
months  or  a  year  of  treatment/'  after  which  "growth  proceeds 
gradually  as  in  healthy  children,"  along  with  development  of 
the  intelligence,  the  adjustment  of  functions  to  the  normal, 
etc.  Now,  in  this  disease,  as  in  myxcedema,  its  kindred  dis- 
order in  adults,  the  vital  processes  are  not  carried  on  with  suffi- 
cient activity,  and — in  the  light  of  my  views — thyroid  extract, 
by  stimulating  the  adrenal  center,  raises  all  vital  functions  to 
their  normal  standard  by  promoting  general  nutrition.  Hence 
also,  the  value  of  thyroid  extract:  in  arrested  growth,  irre- 
spective of  cretinism,  as  shown  by  Hertoghe,^*^  Schmidt,^**  and 
others;  for  delayed  union  in  fractures  by  Gauthier,"®  Bayon,^^" 
and  others;  chronic  osteomyelitis  by  W.  J.  Taylor,^^^  etc.,  and 
other  conditions  in  which  the  vital  and  reparative  processes  are 
sluggish. 

All  this  is  further  emphasized  by  the  influence  of  thyroid 
extract  upon  accumulated  wastes,  fats,  etc.  In  enhancing  meta- 
bolism, it  naturally  promotes  destruction  of  these  substances; 
in  other  words,  as  stated  by  Easterbrook,  thyroid  extract  is 
"a  profound  catabolic  stimulant";  hence  its  marked  action  in 
obesity  as  shown  by  Charrin,^^^  Magnus-Levy,^"^  and  many 
other  clinicians,  and  its  special  efficacy  as  observed  by  French 
physicians  in  subjects  that  are  also  "pale,  soft  and  flabby."  By 
stimulating  metabolism,  the  fats  are  caused  to  break  down — 
the  first  manifestation  of  adequate  oxygenation. 

This  applies  as  well  to  toxic  wastes  which  accumulate  when 
metabolism  is  inadequate — a  fact  which  accounts  for  the  relief 
afl'orded  by  thyroid  extract  in  the  tetany  that  follows  removal 
of  the  thyroid  gland.  The  absence  of  thyroid  secretion  which 
this  operation  entails,  by  depriving  the  test-organ  of  its  normal 
stimulus,  reduces  the  secretory  activity  of  the  adrenals  in  pro- 
portion; the  oxygenation  of  the  entire  organism  being  corres- 
pondingly impaired,  the  food  and  tissue  wastes  are  inadequately 

"'Hertoghe:    Bull,  de  I'Acad.  roy.  de  med.  de  Belgique,  p.  897,  1895. 

"8  Schmidt:    Therap.  Woch.,  Nov.  15,  1896. 

"0  Gauthier:    Lyon  med.,  vol.  Ixxxv,  pp.  296,  359,  1897. 

iK>  Bayon:  Verhandlungen  des  phys.  med.  Gesellsch.  zu  Wurzburg,  Bd.  xxxv, 
S  249  1903 

1"  w.  j.  Taylor:    Monthly  Cyclo.  of  Pract.  Med.,  July,  1905. 
i^^chamn:   Semaine  med.,  Jan.  2,  1895. 

1"  Magnus-Levy:   Zeit.  f.  klin.  Med.,  Bd.  xxxili,  Hft.  3-4,  S.  269,  1897. 
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catabolized  and  accumulate  in  the  blood,  finally  causing  convul- 
sions. Herbivora,  rabbits,  sheep,  oxen,  horses,  etc.,  whose  food 
contains  much  less  nuclein  and  other  substances  capable  of 
forming  toxic  wastes,  suffer  less  from  tetany  than  carnivorous 
animals,  cats,  dogs,  foxes,  men,  etc.,  whose  food  contains  con- 
siderable of  these  noxious  and  spasmogenic  bodies.  Even  in 
the  latter  animals,  however,  thyroid  extract  arrests  the  con- 
vulsions. 

The  thyroid  gland  has  long  been  known  to  neutralize  or 
destroy  toxic  wastes,  its  secretion  being  thought  to  do  so  while 
circulating  in  the  blood  by  some  authorities,  while  others  hold 
that  this  process  is  carried  on  in  the  organ  itself.  These  views, 
however,  have  not  been  satisfactorily  sustained.  On  the  other 
hand,  excitation  of  the  adrenal  center  in  the  anterior  pi- 
tuitary— the  test-organ — and  the  resulting  increase  of  the 
blood's  oxygenizing  (and  therefore,  catabolic)  activity,  accounts 
clearly  for  the  beneficial  effects  observed  as  long  as  the  extract 
is  administered. 

This  explains  also  the  beneficial  and  sometimes  curative 
effects  of  thyroid  extract  in  the  tetany  of  gastroenteritis,  espe- 
cially in  children,  and  idiopathic  tetany  as  shown  by  Gott- 
stein,"*  Maestro,^^^  Levy-Dorn,^^"  and  other  observers.  While 
the  spasmogenic  toxics  here  are  derived  directly  from  imper- 
fectly digested  food-stuffs,  the  fact  that  toxic  waste  products 
are  likewise  destroyed  under  the  influence  of  thyroid  extract 
is  shown  by  its  marked  action  in  puerperal  eclampsia.  This 
was  first  shown  by  Nicholson,"'^  whose  aim  was  to  antagonize 
"auto-intoxication,"  thyroid  proving  curative  when  given  in 
large  doses.  Nicholson's  results  have  been  corroborated  by 
other  observers. 

Here  again  we  have  evidence  of  concomitant  overactivity 
of  the  anterior  pituitary.  Lange^^**  found  in  a  study  of  133 
cases,  that  the  thyroid  gland  begins  to  enlarge  during  the  fifth 
or  sixth  month  of  pregnancy  and  that  eclampsia  and  albumin- 
uria occurred  most  frequently  among  cases  (22)  which  did  not 

i"Gottstein:   Deut.  Zeit.  f.  Nervenheilk.,  Bd.  vi,  S.  177,  1895. 
1^  Maestro:    Riforma  Medica,  vol.  xii,  ii,  p.  468,  1896. 
i^Levy-Dorn:    Berl.  klin.  VPoch.,  Bd.  xxxiii,  S.  88,  1896. 
1"  Nicholson:   Scottish  Med.  and  Surg.  Jour.,  vol.  viii,  p.  503,  1901;  vol.  xii, 
p.  204,  1903. 

ii^Lange:   Zeit.  f.  Geburts.  u.  Gynak.,  Bd.  xl,  S.  34,  1899. 
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show  this  enlargemeiit.  This  indicates — in  the  light  of  my 
views — overactivity  of  the  organ  at  a  time  when  the  wastes  of 
the  foetus  are  such  as  to  increase  materially  those  of  the  mother, 
the  object  being  to  enhance  the  catabolic  activity  of  the  blood 
correspondingly.  Hence  the  beneficial  influence  of  thyroid  ex- 
tract observed  by  Nicholson  and  others.  That  the  anterior 
pituitary  is  the  seat  of  a  corresponding  overactivity  during 
pregnancy  is  shown  by  Comte/'^''  who  specified  that  "the  hyper- 
trophy afl^ected  the  glandular  lobe  alone."  Launois  and  Mulon^"" 
confirmed  these  observations  and  emphasize  "the  disproportion 
between  the  two  lobes  of  the  gland,  the  epithelial  lobe  being 
much  larger,  in  comparison  with  the  neural  lobe,  than  under 
normal  conditions."  Histological  examination  of  the  organs 
showed,  moreover,  that  they  were  "in  a  manifest  state  of  hyper- 
activity." 

As  will  be  shown  under  their  respective  headings,  thyroid 
extract  has  also  proven  beneficial  in  such  disorders  as  epilepsy, 
tetanus,  rheumatoid  arthritis,  etc.,  in  which,  as  in  eclampsia, 
toxic  wastes  are  the  pathogenic  elements — all  through  its  stim- 
ulating action  upon  the  test-organ,  i.e.,  the  adrenal  center. 

Adrenal  extract,  adrenalin,  etc.,  have  also  proven  effective 
— due  allowance  being  made  for  its  ephemeral  action — in  dis- 
orders characterized  by  deficient  oxygenation,  hypocatabolism, 
etc. 

We  have  seen  that  adrenal  extract  and  adrenalin  provoked 
glycosuria:  the  increase  of  metabolic  activity  in  the  pancreas, 
and  the  resulting  overproduction  of  amylopsin — the  ferment 
which  acts  on  glycogen — account  for  the  phenomenon.  The 
familiar  action  of  adrenal  on  the  tissues  is  also  explained  by  the 
intense  metabolic  activity  which  it  excites  in  the  cellular  ele- 
ments, owing  mainly  to  its  identity  as  a  catalytic — a  fact  which 
explains  also  the  observation  of  Herter  that  glycosuria  could 
be  produced  by  applying  a  solution  of  adrenal  into  the  pancreas. 
The  vascular  contraction  it  produces — thus  insuring  a  bloodless 
field  for  operation — is  also  a  normal  outcome  of  the  excessive 
metabolism  it  induces  in  the  muscular  elements  of  the  vessels. 
This  acounts  for  the  production  of  arteriosclerosis  by  adrenal 


1™  Comte:   Th&ee  de  Lausanne,  1898. 

100  Launois  and  Mulon:   Ann.  de  gynfic.  et.  d'Obstfit.,  Jan.,  1904. 
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extractives,  as  shown  by  Josue/®^  Erb,"^  von  Rzentkowski/'* 
and  others,  since  excessive  constriction  of  the  vasa  vasorum 
must  normally  produce  denutrition  of  the  vascular  coats,  with 
degeneration  and  fibrosis  as  results.  Thus  Councilman,^^*  in  a 
study  of  forty-one  autopsies,  found  that  in  the  nodular  form 
the  primary  alteration  consisted  "in  a  degeneration  or  a  local 
infiltration  in  the  media  and  adventitia,  chiefly  about  the  vasa 
vasorum." 

The  usefulness  of  adrenal  extract  and  adrenalin  in  condi- 
tions due  to  depression  of  vital  activity,  hypocatabolism,  etc., 
likewise  finds  a  logical  explanation.  In  shock,  a  condition  in 
which,  as  stated  by  Kinnaman,^*^  "the  most  uniform  and  pro- 
gressive factor"  is  "the  fall  in  temperature,"  adrenalin,  as 
shown  by  Crile,^°*  is  of  great  value  when  judiciously  em- 
ployed. This  investigator  resuscitated  animals  by  its  use — 
with  simultaneous  artificial  respiration— fifteen  minutes  after 
life  had  ceased — a  normal  result  in  the  light  of  my  opinion, 
since  the  adrenal  secretion  sustains  the  vital  process  in  the 
tissue  cells.  In  cases  of  asthma  with  lowered  vasomotor  tone 
S.  Solis-Cohen^^^  and  BuUawa  and  Kaplan^®*  found  it  effective : 
so  did  Mankovsky,^*^"  Floersheim,""  and  others,  in  cardiac 
weakness  and  threatening  collapse — especially,  according  to 
Boy-Teissier,^''^  when  there  is  dilatation  and  cyanosis.  These 
are  but  few  of  the  conditions  in  which  adrenal  extractives  have 
been  tried  successfully.  Here,  however,  as  in  other  disorders, 
they  have  proven  effective  only  where  the  life-processes  were 
more  or  less  in  abeyance. 

On  the  whole,  we  have  now  seen  that  the  thyroid  gland,  the 
anterior  pituitary  and  the  adrenals  influence  temperature  and 
metabolism  in  the  same  way,  and  that  they  awaken  homolog- 
ous phenomena  in  many  directions.  That  each  of  these  struc- 
tures is  capable  of  provoking  individually  such  parallel  effects 
would  be  illogical ;  indeed,  no  experimentally-sustained  explana- 

"ijosue:    C.  r.  de  la  Soc.  de  biol.,  vol.  Iv,  p.  1374,  1903. 

'«2Erb:    Wien.  med.  Presse,  Bd.  xlv,  Nu.  18,  S.  884,  1904. 

"3  von  Rzentkowski :    Berl.  klin.  Woch.,  Bd.  xli,  S.  830,  1904. 

i«*  Councilman :    Osier's  "Practice  of  Medicine,"  p.  771,  third  edition,  1898. 

"^Kinnaman:    Annals  of  Surg.,  Dec,  1903. 

"«Crile:    Boston  Med.  and  Surg.  Jour.,  Mar.  5,  1903. 

S.  Solis-Cohen:    Jour.  Amer.  Med.  Assoc.,  May  12,  1900. 

Bullawa  and  Kaplan:    Med.  News,  Oct.  24,  1903. 

Mankovsky:    Russian  Archives  of  Path.,  Clin.  Med.  and  Bact.,  Mar.,  1898. 
Floersheim :    N.  Y.  Med.  Jour.,  Oct.  6,  1900. 
1"  Boy-Teissier:   Arch.  gen.  de  med.,  Aug.  23,  1904. 


1086      LEUCOCYTES  AND  ADRENAL  SYSTEM  IN  THERAPEUTICS,  ETC. 

tion  would  be  available  to  account  for  them.  On  the  other 
hand,  when  the  three  sets  of  organs  are  considered  as  related 
functionally,  i.e.,  as  the  adrenal  system,  the  phenomena 
awakened  by  each  organ  occur  as  normal  results  of  its  action 
upon  the  organ  with  which  it  is  linked.  Thus,  the  thyro-para- 
thyroid  secretion  enhances  metabolism  by  exciting  the  anterior 
pituitary  body,  owing  to  the  presence  in  the  latter  of  its  sensi- 
tive test-organ ;  the  anterior  pituitary  in  turn  produces  the  same 
effect  by  stimulating  the  adrenals  through  the  nerve-path  which 
unites  it  with  these  glands;  finally,  the  adrenals  also  sustain 
metabolic  activity  through  their  secretion,  the  precursor  of 
adrenoxidase.  Of  the  latter  substance  I  have  had  occasion  to 
say:^'^  "It  is  able  not  only  to  endow  nonliving  though  viable 
proteids  with  vitality  by  bringing  into  play  and  governing  the 
activity  of  various  other  physico-chemical  bodies,  but  it  can 
also  sustain  the  vital  process  it  has  initiated  in  all  the  cells  of  an 
organism."  Eecalling  now  that  it  is  through  the  intermediary 
of  leucocytes  laden  with  exogenous  products  that  the  secretions 
elaborated  in  the  thyroid  and  the  parathyroids  can  produce 
such  effects,  and  that  toxic  wastes  are  destroyed  when  excess  of 
adrenoxidase  appears  in  the  blood,  we  obtain  an  insight  into 
the  means  through  which  the  body  protects  itself  against  dis- 
ease, i.e.,  of  the  vis  medicatrix  naturce. 

On  the  whole,  the  evidence  submitted  in  the  first  volume 
and  in  the  present  section  warrants  the  following  conclusions: 
(1)  the  thyroid  apparatus  ( the  thyroid  and  parathyroids) ,  the  an- 
terior pituitary  body  and  the  adrenals  are  functionally  interde- 
pendent and  thus  constitute  the  adrenal  system;  (3)  the  function 
of  the  thyroid  apparatus  is  to  supply  a  secretion  to  the  blood 
which  enables  the  latter,  while  circulating  through  the  anterior 
pituitary  body,  to  excite  its  test-organ;  (3)  the  function  of  the 
test-organ  is  to  react  sufficiently  under  the  influence  of  the  fhyro- 
parathyroid  secretion,  to  stimulate  the  adrenals  and  thus  to  sus- 
tain their  secretory  efficiency;  (4)  the  function  of  the  adrenals 
is  to  sustain  oxygenation  and  therefore  general  metabolism — the 
vital  process — by  means  of  its  oxygen-laden  secretion,  adrenoxi- 
dase; (5)  if  from  any  cause  the  functional  activity  of  either 
one  of  the  organs  composing  the  adrenal  system  becomes  inade- 


"2  Cf.  this  vol.,  p.  93S  et  seq. 
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quate  or  excessive,  general  metabolism,  and  therefore  the  vital 
process,  is  influenced  accordingly.  Hence,  (6)  the  functions  of 
the  adrenal  system  are  (a)  to  sustain  general  metabolism  and 
the  vital  process,  (b )  to  perfect  the  organism,  when  toxic  wastes 
accumulate  in  the  blood,  by  augmenting  the  proportion  of  adren- 
oxidase  supplied  to  the  blood  and  therefore  the  antitoxic  activity 
of  the  latter;  (7)  the  adrenal  system,  therefore,  is  the  body's 
auto-protective  or  auto-immunizing  mechanism. 

THE  THYRO-PARATHYROID  SECRETION  AS  THE  SENSITIZING 
SUBSTANCE  OF  ALL  CELLS  AND  AS  THE  PHYSIOLOGICAL 
EXCITANT  OF  THE  TEST-ORGAN. 

As  stated  in  the  preceding  section,  the  experiments  of  Gley, 
Moussu,  and  Vassale  and  Generali  showed  that  the  thyroid 
fulfilled  trophic  functions,  while  extirpation  of  the  parathy- 
roids was  followed  by  convulsive  phenomena.  This  is  sus- 
tained by  a  large  number  of  experiments  in  animals  and  many 
clinical  observations.  In  young  dogs,  for  instance,  extirpation 
of  the  thyroid  alone  provokes  all  the  phenomena  of  cretinism; 
as  stated  by  Jeandelize^^^  "the  animals  remain  small,  become 
apathetic;  the  face  becomes  wrinkled,  the  trunk  broad,  the 
belly  rounded,  the  skin  thickened  and  lobulated  owing  to 
myxcedematous  infiltration,  and  the  fur  rough."  Briefly,  thy- 
roidectomy pure  and  simple  provokes  trophic  disorders. 
Although  Kishi^"*  found  recently  that  dogs  and  cats  may  die 
after  this  procedure  even  though  the  parathyroids  are  left 
intact,  the  fact  remains  that  even  in  carnivorous  animals, 
including  man,  extirpation  of  the  thyroid  proper  is  not  usually 
followed  by  death,  but  by  the  cachexia  strumipriva  of  Eever- 
din  and  Kocher,  i.e.,  myxcedema. 

Kemoval  of  both  the  thyroid  and  parathyroids,  on  the  other 
hand,  is  generally  fatal.  Jeandelize  collected  427  experiments 
of  this  kind  on  record,  all  in  dogs.  The  mortality  was  91.6 
per  cent.  Edmunds"®  states  that  this  procedure  causes  "almost 
invariably  the  following  symptoms:  tremors,  convulsive  at- 
tacks with  rapidity  of  breathing  and  rigidity  of  limbs  passing 
into  paralysis.    Death  comes  on  within  a  few  days,  usually  in 

"'Jeandelize:   Loc.  cit.,  p.  41. 

"*Kishi:    Virchow's  Archiv,  Bd.  clxxvi,  S.  260,  1904. 
"^Edmunds:   Practitioner,  Apr.,  1901. 
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less  than  a  week."  The  same  writer  says  also,  however:  "The 
excision  of  the  four  parathyroids  only,  leaving  the  thyroid 
proper,  generally  causes  the  same  symptoms  with  the  same 
termination.  Indeed,  Vassale  and  Generali^^"  lost  all  their 
nine  dogs  in  eight  days;  Moussu,^''^  all  of  his  eighteen  dogs 
in  from  two  to  forty-six  days;  Lusena,^''*  all  of  his  nineteen 
dogs  in  three  days.  Edmunds,^^"  however,  lost  only  four  out 
of  nine.  Vincent  and  Jolly^*"  found  also  that  parathyroidec- 
tomy was  not  necessarily  fatal.  Be  this  as  it  may,  the  serious- 
ness of  the  procedure  is  self-evident;  the  mortality  approxi- 
mates at  least  that  which  follows  removal  of  the  thyroid  and 
parathyroids. 

This  confirms  the  opinion  first  advanced  by  Gley"^  over 
fifteen  years  ago  that  the  parathyroids  are  decidedly  the  most 
active  organs  of  what  he  has  termed  the  "thyroid  apparatus." 
The  reason  for  this  became  apparent  when  he  found,  as  we 
have  seen,  that  the  secretion  of  the  parathyroids  differed  from 
that  of  the  thyroid  in  that  it  contained  six  times  more  iodine 
in  the  dog,  and  twenty-five  times  more  in  the  rabbit.  Although 
these  relative  proportions  are  doubtless  subject  to  great  vari- 
ations, they  nevertheless  suggest  that  the  parathyroids  are  the 
source  of  the  principle  which  endows  the  secretion  of  the 
thyroid  with  the  greater  part  of  its  activating  or  rather  ener- 
gizing property — probably,  owing  to  the  comparatively  large 
proportion  of  iodine  it  contains. 

A  striking  feature  concerning  iodine  is  its  uniform  pres- 
ence in  organic  matter  in  combination  with  sodium,  potassium, 
calcium,  and  magnesium.  In  the  seas  it  is  found  in  abundance 
in  marine  plants,  especially  the  algae.  Spring  water  was  also 
found  by  Chatin"^  to  contain  iodine,  but  not  at  the  spring 
itself,  and  only  in  water  that  had  followed  a  course  strewn  with 
fragments  of  organic  matter,  animal  and  vegetable.  It  is  also 
present  in  the  soil.    Daubree"^  found  it  in  the  thermal  waters 

Vassale  and  General!:    Arch.  ital.  de  Biol.,  T.  xxv,  p.  459,  1896. 
"'Moussu:    C.  r.  de  la  Soc.  de  biol.,  Jan.  16,  1897. 

"8Lusena:    "Flsio-patologia  dell  'apparecchio  tiro-parateroideo,  Florence, 

1899 

"»  Edmunds:    Jour,  of  Pathol,  and  Bact.,  May,  1899. 

Vincent  and  Jolly:    Jour,  of  Physiol.,  vol.  xxxii,  p.  65,  1904. 
181  Gley:    C.  r.  de  la  Soc.  de  biol.,  p.  843.  1891. 

i82Chatin:  Cited  by  Trousseau  and  Pidoux:  "Traits  de  Therap,  vol.  1, 
_    327  18T5 

iss'Daubree:  Cited  by  Dana:  "Manual  of  Geology,"  pp.  331  and  335,  fourth 
edition,  1895. 
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of  Bourboule-les-Bains,  and  many  mineral  waters  are  known 
to  contain  it.  While  all  waters  in  which  iodine  is  present  tend 
to  eliminate  it  (hence  the  greater  quantity  of  iodine  at  the 
sea-shore  than  elsewhere,  and  in  rain-water)  all  living  cells, 
animal  or  vegetable,  have  a  marked  affinity  for  it.  That  it  is 
an  important  constituent  of  the  living  organism  is  shown  by 
the  fact  that  all  marine  animals  contain  more  or  less  of  it, 
the  European  oyster  and  the  cod  probably  the  largest  propor- 
tion. Fresh-water  fishes,  crustaceans  and  batrachians  also  show 
distinct  evidence  of  its  presence.  We  have  seen  that  our  blood 
is  after  all  but  a  bit  of  the  ocean  circulating  in  our  vessels 
and  that,  as  stated  by  Claude  Bernard,  our  cells  live  therein  as 
fishes  do  in  water. 

Chittenden,^**  however,  justly  urges  that  "the  iodine  in 
iodothyrin  is  certainly  not  active  as  iodine;  the  amount  is  too 
small."    How  then  does  it  act? 

Suggestive  in  this  connection  is  the  fact  that  the  thyro- 
parathyroid  secretion  embodies  not  only  the  compounds  that 
we  found  in  the  digestive  leucocytes,  but  also  nucleo-proteid 
and  adrenoxidase. 

Ten  years  ago,  Halliburton^®^  in  the  course  of  a  paper  on 
the  internal  secretions,  remarked :  "Among  the  earliest  to 
investigate  the  proteids  of  the  thyroid  was  Bubnow,^*®  and  to 
one  of  these,  thyreo-proteid,  Notkin^*^  attributes  the  activity 
of  the  organ.  He  considers  that  its  action  resembles  that  of  an 
enz}Tne  or  unorganized  ferment."  In  a  foot-note  the  author 
states  that  "the  ferment-theory  is  also  urged  by  White  and 
Davies."  Again:  "An  investigation  of  the  thyroid-proteids 
was  later  made  by  Gourlay^®*  under  my  supervision,  and  his 
conclusions  are  as  follows :  The  only  proteid  that  can  be 
obtained  in  any  quantity  from  the  thyroid  is  a  nucleo-proteid ; 
this  is  derived,  at  any  rate  in  part,  from  the  colloid  material  in 
the  acini."  Halliburton  says  in  this  connection,  that  nucleo- 
proteid  "is  proteid  in  combination  with  nuelein,  the  phos- 
phorus-rich constituent  of  nuclei,  but  which  is  also  found  in 


Chittenden:   Trans.  Congr.  of  Amer.  Phys.  and  Surgs.,  vol.  Iv,  p.  101, 

1897. 

Halliburton:    Practitioner,  Jan.,  1897. 
i««Bubnow:    Zeit.  f.  physiol.  Chemie,  Bd.  viii,  S.  1,  1894. 
"'Notkin:    Wien.  med.  Woch.,  Bd.  xlv.  S.  824  u.  872,  1895. 
issGourlay:   Jour,  of  Physiol.,  vol.  xvi,  p.  23,  1894. 
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the  protoplasm  of  cells" — thus  proving  that  we  are  dealing 
with  the  compound  we  found  elsewhere.  Finally,  he  states 
that  "Hutchison^*®  confirms  Baumann's  theory  that  the  activity 
of  the  organ  is  accounted  for  by  its  proteid  iodine-containing 
constituents;  after  removal  of  the  proteids,  thyroid  extracts 
are  of  no  use." 

The  last  sentence  shows  clearly  that  iodine  is  not  the  only 
factor  in  the  action  of  the  secretion  and  that  its  influence 
partly  depends  upon  the  presence  of  the  proteid — with  which, 
as  we  have  seen  in  the  fourteenth  chapter,  all  ferments  are 
intimately  combined.  Notkin's  observation  that  the  action  of 
the  secretion  resembled  that  of  a  ferment,  and  the  fact,  shown 
by  myself,  that  all  the  ferments  of  the  organism  owe  their 
activity  to  the  "ferment  of  ferments,"  the  active  principle  of  the 
adrenal  secretion — that  embodied  in  adrenoxidase — all  point  to 
the  presence  of  the  latter  in  the  thyro-parathyroid  secretion. 
Indeed,  we  have  seen  that  adrenoxidase,  corpuscular  and  plas- 
matic, is  a  globulin.  Now,  R.  Hutchison""  states  that  the  col- 
loid consists  of  two  proteids :  "One  of  these,  which  makes  up 
hy  far  the  larger  part  of  the  secretion,  resembles  closely  in  its 
behavior  the  class  of  proteids  spoken  of  as  globulins;  the  other 
is  a  nucleo-proteid."  He  also^"^  found  that  besides  containing 
phosphorus  and  being  rich  in  iodine,  the  colloid  contained 
sulphur,  an  element  which,  as  stated  by  Gamgee^^*  in  reference 
to  hsemoglobin,  "belongs  to  the  albuminous  part  of  the  mole- 
cule," i.e.,  to  adrenoxidase.  The  iodine  is  evidently  bound  up 
with  the  latter,  for  Baumann^®*  found  his  iodothyrin  in  the 
albumins  of  the  gland  as  "thjTO-iodoglobulin  or  thyro-iodoalbu- 
min."  Oswald^^*  also  isolated  a  body  he  termed  thyreoglobulin, 
which  constituted  about  10  per  cent,  of  the  gland  and  contained 
14.3  per  cent,  of  iodine  and  which  was  found  to  increase  meta- 
bolism, and  nitrogen  excretion,  etc. 

Briefly,  the  thyro-parathyroid  secretion  differs  only  from 
the  proteolytic  triad  distributed  by  leucocytes  to  all  the  cells  in 
the  organism,  in  that  it  contains  iodine — 9.3  per  cent,  in  Bau- 

Hutchison :  Brit.  Med.  Jour.,  Mar.  21,  1896;  Jour,  of  Physiol.,  vol.  xx, 
p.  474,  1896. 

i»»  R.  Hutchison:    Practitioner,  April,  1901. 

"1  Hutchison:    Jour,  of  Physiol.,  vol.  xx.  p.  474,  1896. 

"2  Gamgee:    Scbafer's  "T.  B.  of  Physiol."  vol.  i,  p.  202,  1898. 

Baumann :   Loc.  cit. 
1"  Oswald:   MUnch.  med.  Woch.,  Bd.  xlvi,  S.  1073,  1899. 
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mann's  thyroidin,  14.3  in  Oswald's  thyreoglobulin — closely 
bound  up  with  adrenoxidase.  As  Chittenden  says,  iodine  is 
certainly  not  active  as  such.  In  fact,  Toepfer"^  has  shown  that 
one  ounce  of  sheep's  thyroid  contains  but  0.009  (^/^  grain)  of 
this  halogen.  The  foregoing  facts  point  to  its  mode  of  action, 
viz.,  that  of  a  "ferment"  as  stated  by  Notkin — a  triad,  from 
my  point  of  view,  in  which  iodine  plays  the  part  of  proferment. 

What  is  the  physiological  action  of  this  iodine  triad  or 
"ferment"  ? 

Levene,^®"  Justus,^*^  and  others  found  iodine  in  practi- 
cally all  tissues.  Gley^®*  held  that  the  iodine  found  in  the  thy- 
roid is  derived  from  the  blood,  his  researches  having  sho\m 
that  the  red  corpuscles  stored  it.  We  have  seen,  however,  that 
iodine  is  not  taken  up  by  these  cells,  but,  as  observed  by 
Labbe  and  Lortat-Jacob,  by  leucocytes.  The  phenomena  of 
iodophilia  also  show  that  these  cells  are  prone  to  absorb  this 
halogen.  Its  presence  in  the  red  corpuscles,  however,  when  con- 
sidered in  the  light  of  my  views,  is  subject  to  an  interpretation 
other  than  that  advanced  by  Gley: — 

In  the  preceding  chapter,  we  followed  the  secretions  of 
the  thyroid  and  parathyroids  to  the  heart,  where  they  entered 
the  general  venous  circulation  jointly,  and  thence  to  the  pulmon- 
ary alveoli.  In  the  first  volume^®®  I  submitted  evidence  which 
had  led  me  to  suggest  that  the  eosinophile  leucocytes  (which  are 
often  found  in  the  sputum  in  asthma,  tuberculosis,  etc.,  and  are 
thought  by  various  authors  to  take  part  in  the  formation  of 
the  alveolar  epithelium^*'**)  built  up  haemoglobin — its  iron-con- 
taining portion,  hasmatin — with  iron  derived  from  the  intes- 
tine, and  carried  it  to  the  pulmonary  alveoli.  Here,  I  held, 
the  cells  secreted  their  product  into  the  adjacent  plasma,  where 
it  was  "absorbed  by  the  underlying  red  corpuscles  along  with  the 
oxygenized  secretion"  of  the  adrenals,  i.e.,  adrenoxidase.  I 
was  not  aware  at  the  time  that  the  eosinophiles  had  already  been 
associated  with  this  function  by  Hayem,  who  described  them  as 
the  'Tisemoglobinic  cells."^"^    Under  these  conditions,  the  pro- 

"=Toepfer:   Lancet,  Mar.  7,  1896. 

1"  Levene:   Arch,  of  Neurol,  and  Psychopath.,  vol.  ii,  p.  571,  1899. 
I*'  Justus:   Virchow's  Archiv,  Bd.  clxxvi,  S.  1,  1904. 
I'^Gley:   Semalne  med..  May  25,  1898. 
'"OA  vol.  1,  p.  716. 

=™Lenhartz:    "Clinical  Micros,  and  Chem.,"  transl.  by  Brooks,  1904. 
""i  Hayem:    Cited  by  Levaditi:  Loc.  cit.,  p.  36. 
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cess  through  which  the  thyro-parathyroid  secretion  enters  the 
red  corpuscles  is  self-evident:  being  likewise  present  in  the 
plasma  underlying  the  aveoli,  it  is  absorbed  with  the  haemo- 
globin and  its  albuminous  moiety,  adrenoxidase,  and  dis- 
tributed with  the  latter  throughout  the  body.  Hence  the  secre- 
tion is  distributed  by  the  red  corpuscles  to  all  cells  and  to  the 
plasma  itself. 

The  marked  influence  of  the  thyro-parathyroid  secretion 
on  metabolism  suggests  that  it  is  more  potent  in  the  vital  pro- 
cess than  adrenoxidase  itself.  That  such  is  not  the  case,  how- 
ever, is  shown  by  the  fact  that  removal  of  the  thyroid  and  para- 
thyroids does  not  always  cause  death.  We  have  seen  that 
Edmunds  lost  but  four  out  of  his  nine  dogs.  Vincent  and 
Jolly202  -were  also  led  experimentally  to  conclude  that  "it  can- 
not be  truly  said  that  either  thyroids  or  parathyroids  are  essen- 
tial for  life,  since  it  is  frequently  possible  to  remove  either 
or  both  without  causing  death,"  although  they  fully  recognize 
"as  others  have  done,  that  fatal  results,  when  they  occur,  are 
not  due  to  injuries  to  surrounding  structures  accompanying 
the  surgical  interference,  but  must  be  referred  to  absence  of  the 
glands  in  question."  Again,  if  the  thyro-parathyroid  secretion 
were  the  chief  factor  in  sustaining  the  cellular  interchanges, 
removal  of  the  pituitary  body  or  of  the  adrenals  would  only 
give  rise  to  trophic  disorders  and  seldom  if  ever  prove  fatal; 
whereas,  in  the  great  majority  of  instances,  death  occurs  within 
a  few  days.  This  fact  in  itself,  however,  affords  a  clue  to  the 
role  of  the  secretion.  As  a  large  number  of  experiments  have 
shown,  carnivorous  animals  are  readily  killed  by  thyro-para- 
thyroidectomy  while  many  herbivorous  animals  survive.  More- 
over, if  carnivorous  animals  are  fed  on  milk  only,  after  the 
operation,  the  post-operative  life  is  greatly  prolonged.  It  is 
plain,  therefore,  that  the  influence  of  the  thyro-parathyroid 
secretion  is  connected  in  some  way  with  toxic  wastes  (which 
are  proportionally  much  greater  under  a  meat  diet  than  under 
a  vegetable  di^t)  and  that  this  influence  is  exercised  not  only, 
as  we  have  seen,  upon  the  cellular  elements  of  the  anterior 
pituitary,  but  upon  all  cells. 

The  close  association  of  the  thyro-parathyroid  secretion 

Vincent  and  Jolly:   Jour,  of  Physiol.,  vol.  xxxil,  p.  65,  1904. 
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with  adrenoxidase,  which  led  Oswald  to  term  the  thyroid  secre- 
tion "thyroglobulin,"  corresponds  with  a  constituent  of  the 
blood  to  which  I  have  not  as  yet  referred,  viz.,  Sir  A.  E. 
Wright's  "opsonin^,"  a  substance  which  renders  microorganisms 
vulnerable  to  phagocytes. 

Denys  and  Leclef,-°^  in  1895,  showed  experimentally  that 
leucocytes  were  able  to  ingest  bacteria  only  after  the  latter  had 
been  prepared,  so  to  say,  by  the  action  of  some  substance  in  the 
blood-plasma.  Thus,  while  the  blood  of  a  normal  rabbit  failed 
to  destroy  the  streptococcus  pyogenes,  that  of  a  vaccinated  rab- 
bit delayed  the  multiplication  of  these  germs  and  sometimes 
destroyed  them.  Such  a  rabbit  could  stand  with  impunity  a 
dose  of  streptococcus  sufficient  to  cause  erysipelas  in  a  normal 
animal.  Now,  leucocytes  from  the  latter,  though  unable  to 
destroy  streptococci,  destroyed  actively  these  germs  in  the  blood 
of  the  vaccinated  animal,  while  blood  from  the  latter,  when 
added  to  that  of  a  normal  animal,  also  caused  the  leucocytes  of 
this  animal  to  become  energetically  bactericidal.  This  shows 
plainly  that  the  plasma  of  a  vaccinated  animal  contains  a  sub- 
stance which  either  increases  the  vulnerability  of  the  germs 
to  phagocytosis  or  the  activity  of  the  phagocytes.  Two  years 
later,  Mennes^"*  noted  that  the  immunity  conferred  on  guinea- 
pigs  with  toxins  or  pneumococcus  cultures  was  due  to  a  change 
in  their  serum  which  increased  markedly  the  activity  of  phago- 
cytosis, though  the  phagocytes  themselves  were  not  directly 
influenced.  Wright  and  Douglas^"*  termed  this  substance 
"opsonin"  and  showed  that  it  was  a  constituent  of  the  serum 
or  plasma.  They  likewise  concluded  that  it  prepared  the  bac- 
teria for  phagocytosis  without  acting  on  the  leucocytes.  Neu- 
feld  and  Eimpau-"^  also  found  in  the  plasma  a  substance  which 
"sensitized"  bacteria  without  influencing  the  leucocytes.  Viru- 
lent streptococci  and  pneumococci  which  failed  to  be  ingested 
by  the  latter  when  they  had  been  previously  treated  to  anti- 
streptococcic serum,  were  immediately  taken  up  by  these  cells 
when  the  germs  had  themselves  been  treated  to  this  serum, 
though  the  leucocjrtes  had  not.    Many  other  experimenters  have 

Denys  and  Leclef:    "La  Cellule,"  T.  xi,  p.  198,  1895. 
»>*Mennes:    Zelt.  f.  Hyg.,  Bd.  xxv,  S.  413,  1897. 

206  -Wright  and  Douglas:    Proc.  Royal  Society,  vol.  Ixxii,  p.  357,  1903. 
^  Neufeld  and  Rimpau:   Deutsche  med.  Woch.,  Bd.  xxx,  S.  1458,  1904. 
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confirmed  these  observations  without,  however,  throwing  light 
upon  the  nature  of  the  process.  Moreover,  as  recently  stated 
by  Potter,  Ditman  and  Bradley  t^"^  "Up  to  the  present  time 
very  little  has  been  determined  concerning  the  source  of  the 
opsonins,"  and,  referring  to  the  above-named  investigators, 
they  state  that  they  have  all  shown  that  "the  opsonins  exist 
in  the  blood  serum  and  not  in  the  leucocytes." 

This  affords  a  first  point  in  which  opsonin  corresponds  with 
the  thyro-parathyroid  secretion:  being  stored  in  the  red  cor- 
puscles it  is  secreted  with  the  adrenoxidase  to  which  it  is  linked, 
and  thus  becomes  a  constituent  of  the  plasma. 

Again,  Bordet,  as  is  well  known,  termed  substance  sensi- 
iilisatrice  or  "sensitizing  substance"  and  Gruber  preparator  or 
"preparing  substance"  (Ehrlich's  amboceptor)  a  body  which 
rendered  bacteria,  red  corpuscles,  or  any  kind  of  cell  in  fact, 
vulnerable  to  the  destructive  action  of  Buchner's  alexins 
(Ehrlich's  complement).  Now,  in  the  first  volume  I  empha- 
sized repeatedly  the  fact  that  Ehrlich's  complement — the  iden- 
tity and  source  of  which  he  has  so  far  failed  to  show — was  the 
intra-leucocytic  trypsin,  i.e.,  the  proteolytic  triad. 

This  affords  three  more  facts  which  harmonize  with  my 
interpretation,  and  with  experimentally  established  data  con- 
cerning opsonins,  since  the  "sensitizing"  substance  is  shown 
to  affect  the  bacteria;  to  do  so  without  influencing  the  leuco- 
cytes; and  finally,  to  prepare  the  bacteria  for  the  phagocytic 
leucocytes. 

A  fifth  confirmatory  point  is  available  in  that,  precisely 
as  is  the  case  with  the  substance  sensibilisatrice,  which,  as  I  state 
on  page  735  of  the  first  volume,  "stands,  without  undergoing 
alteration,  heating  up  to  60°  to  65°  C,"  Kinghorn  and 
Twichell,^***  referring  to  the  observations  of  Wright  and  Doug- 
las, state  that  opsonins  "lose  their  power  when  heated  up  to 
60°  to  65°  C.  for  ten  to  fifteen  minutes." 

Again,  Bordet,  Buchner  and  Gruber  do  not  refer  to  the 
fact  that  the  "sensitizing  substance"  is  a  compound  body;  in 
my  ovra  allusions  to  its  homologue,  the  oxidizing  substance  (now 
adrenoxidase)  in  the  first  volume,  its  heat  limit  is  always  given 


Potter,  Ditman  and  Bradley:  Jour.  Ainer.  Med.  Assoc.,  Nov.  24,  1906. 
Kinghorn  and  Twichell:   Amer.  Jour.  Med.  Sci.,  Aug.,  1906. 
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as  65°  C.  Now,  opsonins  have  led  to  the  same  error:  Potter, 
Ditman  and  Bradley''"*  state  that  "Savtchenko^^"  and  Dean^^ 
regard  certain  opsonins  and  amboceptors  as  identical" — a 
seventh  point  in  support  of  my  interpretation. 

The  same  authors  also  write,  however,  "Hektoen^^^  regards 
opsonins  as  distinct  from  amboceptors,  and  in  proof  of  his 
opinion  states  that  under  certain  circumstances  normal  serum 
may  possess  lytic,  but  not  opsonic  powers,  and  vice  versa;  again, 
that  immunization  may  give  rise  to  opsonic,  but  not  to  lytic 
substances;  and  further  that  heat  may  destroy  the  opsonic 
power  without  affecting  the  lytic  amboceptors,  and  vice  versa. 
Thus,  while  opsonin  for  anthrax  bacilli,  present  in  the  serum  of 
normal  dogs,  is  destroyed  by  heating  at  60°  C.  for  thirty  min- 
utes, the  amboceptor  for  anthrax  bacilli  present  in  the  serum  of 
normal  dogs  is  not  affected  by  heating  at  65°  for  thirty  min- 
utes. Moreover,  while  the  serum  of  white  rats  is  normally  an- 
thracidal  owing  to  the  presence  of  a  thermostabile  substance 
that  is  inactivated  by  neutralization  of  the  serum  with  oxalic 
acid,  the  same  serum  contains  a  thermostabile  opsonin  for  an- 
thrax bacilli  which,  however,  is  not  inactivated  by  oxalic  acid." 
The  presence  of  two  distinct  substances  is  clearly  shown  in  this 
quotation:  (1)  the  substance  destroyed  at  60°  and  (2)  the 
thermostabile  substance.  Now,  as  stated  by  Lazarus  Barlow,^^' 
Metchnikoff  holds  that  while  the  thermolabile  body  is  confined 
in  the  phagocytes  (his  trypsic  cytase),  the  plasma  contains 
another,  which  is  "thermostable,  resisting  a  temperature  of  100° 
C."  We  have  seen  repeatedly  that  the  only  substance  in  the 
plasma  which  is  able  to  stand  this  temperature  is  adrenoxidase. 
On  the  whole,  opsonin  is  not  the  amboceptor  any  more  than  it 
is  adrenoxidase;  it  is  a  sensitizing  ferment,  destroyed  at  60-65° 
C,  combined  with  adrenoxidase,  which  is  only  destroyed  at  100° 
or  may  even  resist  that  temperature. 

Under  these  conditions,  however,  adrenoxidase  should  con- 
tain the  various  components  of  the  thyro-parathyroid  secretion: 
we  have  seen  that  Gley  found  iodine  in  the  red  corpuscles ;  and 
the  fact  that  this  halogen  is  also  found  in  practically  all  tissues 

™  Potter,  Ditman  and  Bradley:   Loc.  cit. 

Savtchenko :    Ann.  de  I'Inst.  Pasteur,  T.  xvi,  p.  106,  1902. 
2"  Dean:    Proc.  Royal  Society,  vol.  Ixxvi,  p.  506,  1905. 
^i^Hektoen:    Jour.  Amer.  Med.  Assoc.,  May  12,  1906. 

Lazarus  Barlow:    "Manual  of  Gen.  Pathol.,"  p.  369,  second  edition,  1904. 
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shows  that  it  must  leave  these  cells  with  their  adrenoxidase. 
The  blood-platelets,  as  I  have  pointed  out,  are  droplets  of  adren- 
oxidase: Schafer^^*  states  that  according  to  Lowit^^^  they  con- 
sist chiefly  of  a  "globulin,"  and  that  "as  the  result  of  micro- 
chemical  work,  Lilienfeld^^"  considers  that  they  consist  of 
nucleo-proteid."  The  two  bodies  being  combined,  the  conclu- 
sions of  both  observers  are  justified.  As  we  have  seen  that  the 
main  constituents  of  the  thyroid  secretion  are  iodine,  nucleo- 
proteid  and  a  globulin  (the  others,  xanthin,  paraxanthin,  etc., 
being  wastes),  the  correspondence  between  the  secreted  products 
of  the  red  corpuscles  and  the  thyroid  secretion  are  not  only  evi- 
dent, but  in  the  light  of  the  facts  submitted  above,  these  sup- 
posedly different  bodies  and  opsonin  are  one  and  the  same  sub- 
stance. 

Finally,  Wright  showed  that  in  appropriate  cases,  the  thera- 
peutic use  of  vaccines,  i.e.,  attenuated  living  cultures  of  the 
invading  organism,  sterilized  cultures  and  derivatives  of  such 
cultures,  the  proportion  of  opsonin  in  the  blood  could  be  in- 
creased. Metchnikoff,^^'^  alluding  to  the  experiment  of  Bordet 
in  animals  injected  at  various  times  with  the  blood  of  foreign 
species,  remarks :  "It  is  the  sensitizing  substance  which  appears 
in  very  great  quantity  as  a  result  of  these  injections,  von  Dun- 
ggj,j^2i8  Yias  confirmed  this  observation,  and  has  added  the  inter- 
esting fact  that  the  sensitizing  substance  is  found  in  great  ex- 
cess in  the  serum  of  the  injected  animals." 

The  influence  of  the  thyro-parathyroid  secretion  or  ferment 
on  the  anterior  pituitary  body  now  suggests  itself :  it  is  that 
produced  on  all  cells.  Eeferring  to  the  pituitary,  Bohm, 
Davidoff  and  Huber^^"  state  that  "now  and  then  alveoli  contain- 
ing a  colloid  substance,  similar  to  that  found  in  the  alveoli  of 
the  thyroid  gland,  may  be  observed."  Indeed,  Schnitzler  and 
Ewald^^"  found  in  the  pituitary  body,  "evidence  of  considerable 
iodine."  This  means,  in  the  light  of  the  evidence  submitted, 
that  the  colloid  substance  is  a  combination  of  the  secretory  pro- 
ducts of  leucocytes  (including  any  noxious  substance  they  may 

2"Schafer:    "T.  B.  of  Physiol.,  vol.  i,  p.  156,  1898. 

Lowlt:    Arch.  t.  exper.  Pathol,  u.  Pharmak.,  Bd.  xxiv,  S.  188,  1888. 
2"  Lilienfeld:    Arch.  f.  Physiol..  S.  115,  1892. 

2"  Metchnikoff :    "L'Immunite  dans  les  Maladies  Infectieuses,"  1903. 

von  Dungern:    MUnch.  med.  Vi^och.,  Bd.  xlvii,  S.  677,  1900. 

Bohm,  Davidoff  and  Huber:    Lor.  cit.,  p.  423. 
^^i*  Schnitzler  and  Ewald:    Wiener  klin.  Woch.,  July  16,  1896. 
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contain)  and  the  secretion  of  the  red  corpuscles,  i.e.,  adrenoxi- 
dase,  including  the  thyro-parathyroid  ferment  with  which  it  is 
combined.  The  surface  of  the  test-organ  is  thus  not  only 
swept  by  the  current  of  colloid  which  contains  any  noxi- 
ous substance  of  which  it  must  take  cognizance,  but  it 
is  simultaneously  sensitized  by  the  thyro-parathyroid  secretion 
the  colloid  contains.  Moreover,  it  is  kept  sensitive  from 
another  direction,  viz.,  through  the  blood  circulating  in  its  sen- 
sory elements  proper,  since,  as  I  have  shown,  adrenoxidase  cir- 
culates in  all  nervous  elements  as  well  as  in  the  perineural  capil- 
laries. As  the  thyro-parathyroid  secretion  is  bound  up  with 
adrenoxidase,  all  nervous  structures  are  kept  sensitized  by  it, 
including  the  test-organ.  The  latter,  unlike  any  other  organ, 
is  thus  sensitized  from  two  directions  by  a  substance  provided 
by  the  thyroid  apparatus.  Hence  the  morbid  results  observed 
when  the  latter's  functions  are  impaired  or  annuled. 

This  involves  the  conclusion  that  the  tissue  and  other  liv- 
ing elements  are  also  sensitized.  Bordet's  "substance  sensi- 
bilisatrice"  was  found  by  him  to  sensitize  all  cells  besides  bac- 
teria, even  the  red  corpuscles  themselves — as  is  shown  indeed 
by  their  proneness  to  haemolysis. 

The  test-organ  destined  by  Nature  to  protect  the  whole 
organism  against  disease,  is  thus  kept  attuned  to  the  highest 
pitch  to  carry  on  its  all-important  mission.  As  the  morpho- 
logical homologue  of  the  olfactory  organ,  it  would,  in  keeping 
with  the  latter,  fail  to  transmit  impressions  to  the  posterior 
pituitary  and  to  awaken  therein  the  secretory-motor  stimuli  to 
the  adrenals  through  which  cellular  metabolism  is  sustained, 
were  it  not  constantly  stimulated.  Cretinism  and  myxedema 
occur  when  the  test-organ  is  inadequately  activated  by  the  thyro- 
parathyroid  secretion ;  the  organism  lives,  but  much  as  does  the 
plant;  hence  the  name  "I'liomme-plante"  which  has  been  be- 
stowed upon  the  cretin. 

Yet,  we  have  seen  that  even  plants  and  ancestral  animals 
utilize  iodine.  Here  again,  however,  the  accumulation  of  cell- 
colonies  gradually  as  the  higher  forms  were  evolved,  imposed 
the  need  of  a  greater  supply  of  the  iodine — or  iodine-ferment, 
the  compound  of  which  the  haloid  is  a  component  in  all  living 
structures:  the  delicate  endostyle  of  the  Tunicata  and  lower 
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Chordata  (see  end  in  the  illustration  on  page  963)  gradually 
developed  therefore  into  the  thyro-parathyroid  apparatus, 
remaining  throughout  the  entire  phylogenetic  scale  closely  re- 
lated with  the  respiratory  apparatus — the  gill-bars  in  ancestral 
vertebrates— the  lungs,  as  I  have  shown,  in  the  higher  verte- 
brates, including  man. 

Sensitiveness  of  the  cellular  elements  thus  assumes  a  car- 
dinal role  in  the  vital  functions  of  all  organisms.  The  reason 
for  this  imposes  itself  when  the  part  that  irritability  plays  in 
Nature  is  recalled :  "Every  process  of  stimulation  requires 
two  factors,"  writes  Verworn,^^^  "a  stimulus  and  a  body  that  is 
irritable.  If  the  two  factors  come  into  correlation  there  results 
a  phenomenon  of  stimulation,  a  reaction."  The  muscular  con- 
tractility which  will  cause  detached  fragments  of  the  heart 
muscle  to  continue  beating  is  but  a  manifestation  of  this  kind. 
This  applies  as  well  to  the  skeletal  muscles  in  function.  Here, 
"the  irritability  depends  upon  the  fact  that  great  quantities 
of  potential  energy  are  accumulated  in  the  living  substance  of 
the  muscle  so  that  the  introduction  of  only  a  small  quantity 
is  needed  to  transform  it  into  actual  energy."  The  poten- 
tial energy  is  the  true  source  of  contraction  in  the  muscular 
mass;  but  the  relatively  diminutive  proportion  of  energy  that 
the  nerve  impulse  adds  thereto  suffices  to  provoke  contraction. 
Nourished  by  leucocytic  granules  (endowed  with  life  by  the 
adrenal  active  principle)  and  kept  free  of  wastes  by  the  hydro- 
lytic  triads,  the  tissue-cell  is  eminently  prepared  to  assume  the 
sensitized  state;  but  pending  this  event  it  is  latent  as  a  living 
entity;  it  lives  but  cannot  work.  Throughout  Nature,  bound 
up  with  the  albumins  and  colloids  of  animals  and  plants,  iodine 
(as  I  interpret  its  role)  endows  it  with  the  capacity  to  react, 
i.e. J  with  the  power  to  functionate  imder  appropriate  stimuli. 

On  the  whole,  the  following  conclusions  appear  warranted : 
(1)  the  parathyroids  supply  a  secretion  which  differs  from  that 
of  the  thyroid  only  that  it  is  richer  in  iodine  and  far  more 
active;  (2)  the  secretions  of  the  thyroid  and  the  parathyroids 
being  mixed  before  reaching  the  lungs,  they  constitute,  physio- 
logically, hut  one  substance ; .  (3)  the  thyro-parathyroid  secre- 
tion is  a  ferment-liJce  compound  of  iodine„  nucleo-proteid  adren- 

22iVerworn:    "General  Physiology,"  Trans,  by  Lee,  p.  353,  1899. 
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oxidase;  (4)  on  reaching  the  pulmonary  alveoli,  it  is  ab- 
sorbed by  the  red  corpuscles  along  with  adrenoxidase.,  becomes 
part  of  the  latter,  and  is  distributed  with  it  to  all  parts  of  the 
organism,  including  the  blood;  (5)  its  physiological  function  is 
to  sensitize  all  cells  and  cellular  elements,  physiological  or  path- 
ogenic^ whether  in  the  tissues  (including  the  nervous  system) 
or  in  the  blood  (including  its  digestive  leucocytes  or  phago- 
cytes), and  thus  to  render  them  vulnerable  to  the  action  of  the 
hydrolytic  triads  or  "ferments"  they — the  tissues,  plasma  and 
leucocytes — contain;  (6)  the  nervous  elements  of  the  pituitary 
body,  including  those  constituting  the  test-organ,  being,  like  all 
other  cellular  elements,  the  seat  of  metabolic  exchanges,  they 
are  likewise  sensitized  by  the  thyro-parathyroid  secretion  and 
their  functional  efficiency,  i.e.,  the  vigor  with  which  they  react 
to  sensory  impressions  and  initiate  motor  stimuli,  is  commen- 
surate with  the  degree  of  sensibility  thus  conferred  upon  them; 
(7)  when  the  test-organ  is  inadequately  sensitized,  the  intrinsic 
metabolism  of  its  elements  is  sufficiently  active  to  sustain  the 
secretory  activity  of  the  adrenals,  and  therefore  the  vital  pro- 
cess itself  up  to  the  normal  physiological  standard;  (8)  when, 
conversely,  it  is  inadequately  sensitized  through  deficiency  or 
qualitative  impairment  of  the  thyro-parathyroid  secretion,  the 
adrenals  are  insufficiently  stimulated  to  insure  normal  oxygen- 
ation, the  vital  process  and  therefore  all  functions  are  ren- 
dered correspondingly  torpid — a  condition  which  entails  cretin- 
ism in  the  child  and  myxcedema  in  the  adult. 

Hereafter  I  will  refer  to  the  thyro-parathyroid  secretion  as 
thyroidase. 

THE  INTERNAL  SECRETIONS  AS  THE  BODY'S  AUTO-PROTEC- 
TIVE SUBSTANCES  AND  AS  THE  FOUNDATION  OF 
RATIONAL  THERAPEUTICS. 

In  his  Herter  Lecture  at  Johns  Hopkins  (1906),  Sir  A.  E. 
Wright  gave  a  resume  of  his  valuable  researches  and  of  those 
of  his  associates,  Drs.  Eoss  and  Douglass,  upon  the  role  of  the 
"opsonins."  These  were  referred  to  as  newly  found  substances 
which  rendered  various  bacteria  susceptible  to  the  phagocytic 
action  of  the  leucocytes.  After  dividing  the  immunizing  con- 
stituents of  the  blood  into  opsonins,  bactericidal  (bacteria-kill- 
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ing),  and  bacteriolytic  (bacteria-dissolving)  substances,  opson- 
ins and  agglutinins,  and  grouping  them  under  the  term  "bacte- 
riotropic  substances,"  the  lecturer  referred  to  them  as  the  nat- 
ural immunizing  constituents  of  the  body.  He  had  found, 
moreover,  that  when  a  given  virus  was  injected  into  the  blood, 
these  bacterioscopic  substances  increased  in  amounts,  in  propor- 
tion, to  a  certain  extent,  with  the  quantity  administered. 

Three  years  ago,  in  an  address  before  the  Chelsea  Clinical 
Society  of  London,  Sir  A.  E.  Wright"^  stated  that  while  their 
origin  in  the  body  was  unknown,  "all  the  protective  substances 
which  were  involved  in  the  cure  of  disease  were  to  be  regarded 
as  produced  by  internal  secretion."  Alluding  to  various  disor- 
ders, including  tuberculosis,  in  which  "the  blood  was  deficient 
in  protective  substances,"  he  held  that  if  they  [pathologists, 
I  presume]  "knew  the  laws  by  which  such  substances  were  pro- 
duced," we  could  "call  forth  a  production  of  those  substances" 
in  the  patient.  In  all  of  some  thirty  cases — boils,  acne  and 
sycosis — which  he  had  treated  by  inoculations,  "there  had  not 
been  one  of  them  in  which  there  had  not  been  produced  enough 
of  that  internal  secretion  to  enable  the  body  to  kill  olf  the 
staphylococcus,"  while  "patients  with  tuberculosis  recovered  if 
they  produced  enough  of  the  internal  secretion  to  render  their 
bodies  uninhabitable  by  the  tubercle  bacillus."  He  held,  more- 
over, that  "it  should  be  recognized  that  chronic  or  local  infec- 
tion was  a  symptom  of  defective  internal  secretions,  and  that 
those  secretions  could  be  elaborated  in  the  body  when  there  was 
youth,  strength  and  health,  by  the  application  of  the  appro- 
priate stimulus  given  in  proper  quantities." 

Now,  a  3'ear  earlier,  I  had  pointed  out  in  the  first  volume 
of  the  present  worP^^  and  elswhere,^^*  that  the  blood's  immu- 
nizing bodies--^  were  the  internal  secretions  of  the  ductless 
glands  and  formulated  the  principle  that  "the  power  of  the 
organism  to  antagonize  the  constitutional  effects  of  pathogenic 
germs,  their  toxins  and  other  poisons,  is  directly  proportionate 
to  the  functional  efficiency  of  the  adrenal  system,"  the  latter 
being  composed  of  the  thyroid  gland,  the  anterior  pituitary  and 

Sir  A.  E.  Wright:    Brit.  Med.  Jour.,  Mar.  19,  1904. 
2"  Cf.  vol.  i,  pp.  609  to  666,  728  to  751. 

22*Sajous:  Monthly  Cyclo.  of  Pract.  Med.,  Jan.,  Mar.,  1903;  Phila.  Med. 
Jour.,  Mar.  7,  1903. 
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the  adrenals.  I  laid  stress,  at  the  time,  on  the  fact  that**®  "all 
forms  of  vaccination  endow  the  inoculated  subject  with  en- 
hanced activity  of  the  adrenal  system,  and,  therefore,  of  all 
structures  which  take  part  in  the  defense  of  the  body"  and 
ascribed  the  immunizing  influence  of  Pasteur's  method  against 
hydrophobia,  vaccination  against  small-pox,  the  effects  of  Coley's 
mixture  of  erysipelas  and  bacillus  prodigiosus  toxins  in  sar- 
coma, Koch's  tuberculin,  etc.,  to  this  process.  I  repeatedly 
emphasized  the  fact  that  the  cure  of  disease  should  be  con- 
sidered as  produced  by  internal  secretions,  that  bacteria  could 
not  live  where  the  immunizing  substances  were  present  in  suffi- 
cient quantity,  etc.  That  Dr.  Wright's  researches  have  con- 
firmed my  conclusions  is  self-evident. 

That  he  should  be  unable,  however,  to  point  to  the  source 
or  identity  of  the  immunizing  bodies  is  but  normal.  Else- 
where**''  I  had  occasion  to  write:  "Pathologists  will  continue 
to  work  in  the  dark,  as  they  have  now  been  doing  several  years, 
until  they  realize  that  the  very  few  substances,  to  which  various 
names  have  been  given :  Buchner's  alexins,  Ehrlich's  comple- 
ment, Metchnikoff's  cytase,  Ehrlich's  intermediary  body  or 
amboceptor,  Bordet's  sensitized  substance,  etc.,  are  internal 
secretions  in  the  true  sense  of  the  word :  i.e.,  products  of  duct- 
less glands."  To  this  series,  as  shown  in  the  preceding  section, 
"opsonin"  is  also  to  be  added. 

What  is,  under  these  conditions,  the  nature  of  the  immu- 
nizing substances  that  appear  in  the  blood  under  the  influence 
of  toxins  ? 

In  the  light  of  the  evidence  previously  adduced,  when  a 
poison  or  toxin  appears  in  the  blood,  a  fraction  of  the  poison 
will  reach  the  pituitary  body  (with  the  plasma  or  with  the 
leucocytes)  and,  if  the  dose  be  not  excessive,  it  will  excite  the 
test-organ  and  provoke  a  protective  reaction  in  the  body  at 
large.  This  reaction  being  produced  through  the  adrenals,  the 
first  substance  to  appear  in  the  blood  is  of  course  adrenoxidase. 
As  this  entails  increased  oxygenation  of  all  organs,  their  secre- 
tory and  formative  activity  is  augmented;  as  a  result  of  this, 
the  pancreas  produces  more  trypsinogen.    The  leucocytogenic 


Cf.  vol.  i,  p.  765  et  seq. 
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organs  create  more  leucocytes — mainly  neutrophiles  and  eosino- 
philes.  This  double  leucocytosis  was  noted  by  Muir/^*  who 
remarked,  as  a  result  of  his  observations,  that  "whether  they 
act  as  direct  phagocytes  or  indirectly,  the  eosinophiles  evidently 
play  an  important  part  in  the  defense  of  the  body."  As  I 
interpret  the  role  of  these  cells:  they  migrate  from  the  iodine 
reserves  (the  bone-marrow)  to  the  thyroid  and  parathyroid 
glands,  to  hasten  the  formation  of  the  sensitizing  secretion  of 
these  glands.  This  secretion  being  taken  up  by  the  red  cor- 
puscles in  the  lungs,  the  blood-plasma  receives  the  first  of  its 
"immunizing"  substances,  viz.,  adrenoxidase,  bound  up  with 
the  sensitizing  thyro-parathyroid  secretion.  Now,  this  identical 
combination  is  a  prominent  factor  in  all  the  experimental  work 
recorded  by  pathologists,  as  the  following  cursory  review  of  this 
research  will  show. 

Adrenoxidase  plus  sensitizing  substance.  Adrenoxidase,  as 
we  have  repeatedly  seen,  is  only  destroyed  at  100°  C,  while  the 
second  substance,  opsonin,  is,  according  to  Wright  and  Eoss, 
destroyed  at  from  60°  to  65°  C.  Now,  Metchnikoff,^^®  as  pre- 
viously stated,  refers  to  the  presence  of  the  thermostable  100°  C. 
substance  as  "circulating  in  the  blood-plasma"  as  Pfeiffer's 
"specific  immune  body."  On  the  other  hand,  the  latter,  which 
has  also  been  termed  "amboceptor"  by  Ehrlich,  "substance  sen- 
sibilisatrice"  by  Bordet,  "copula"  by  Metchnikoff,  "desmon" 
by  Miiller,  etc.,  is  destroyed  at  65°  C.  This  paradoxical  fact 
finds  an  explanation  in  the  presence  of  two  substances,  adrenoxi- 
dase and  the  sensitizing  substance,  the  more  readily  observed 
phenomena  being  carried  on  by  the  latter  because  of  its 
destruction  at  the  lower  temperature. 

Still,  if  this  be  true,  both  these  bodies  should  originate 
from  the  red  corpuscles:  Metchnikoff  clearly  differentiates  the 
100°  thermostable  substance  as  a  constituent  of  the  plasma 
from  other  substances,  referred  to  below,  which  originate  from 
leucocytes.  More  clearly  specified  in  this  particular,  however,, 
is  the  source  of  the  sensitizing  substance  or  immune  body. 
While  Bordet  and  von  Dungern^^"  held  that  the  red  corpuscles 

^Muir:    Glasgow  Med.  Jour.,  Jan.,  1905. 

22»  Metchnikoff:    Cited  by  Lazarus  Barlow:   hoc.  cit,  p.  469. 

von  Dungern:  Munch,  med.  Woch.,  Bd.  xlvi,  S.  405,  1899;  Bd.  xlTii, 
S.  667,  962,  1900. 
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excited  the  production  of  this  substance,  Nolf^^*^  showed  that  it 
was  a  product  of  these  cells.  The  role  of  this  substance  is  evi- 
dently that  ascribed  by  myself  to  the  thyro-parathyroid  secre- 
tion and  by  Wright  to  the  "opsonin,"  for,  as  stated  by  Wasser- 
mann,^*^  according  to  Bordet,  "the  substance  sensibilisatrice 
plays  the  role  of  mordant.  It  makes  the  blood-cells  [and  also 
bacteria,  toxins,  wastes,  detritus,  etc.,  I  should  add]  vulnerable 
to  the  alexin,  so  that  the  latter  can  attack  the  cells  and  dissolve 
them." 

This  brings  us  to  the  next  stage  of  the  defensive  process : — 
Phagocytosis,  carried  on  hy  the  iritracellular  digestive  triad, 
trypsin.  A  multitude  of  neutrophiles  are  now  present  in  the 
circulation  ready  to  ingest  and  digest  the  sensitized  bacteria, 
toxins,  cells,  wastes,  etc. — Metchnikoff's  phagocytes.  We  have 
seen  repeatedly  that  they  contain  what  I  have  termed  the  "diges- 
tive triad,"  viz.,  trypsinogen,  nuclein,  and  adrenoxidase,  which, 
combined,  constitute  the  ferment  trypsin.  Charrin  and  Leva- 
diti,-^*  von  Zaremba^^*  and  others  have  demonstrated  the 
digestive  activity  of  pancreatic  juice  on  bacteria  and  toxins; 
Metchnikoff,  Arthus,  Mouton^^^  and  others  found  trypsin  in 
leucocytes.  Moreover,  the  labors  of  Bordet,  Metchnikoff,  Ehr- 
lich  and  Morgenroth  have  demonstrated  that  the  destruction 
of  bacteria,  etc.,  was  due  to  the  presence  in  the  phagocyte  of  a 
digestive  substance.  "This  substance,  a  sort  of  digestive  fer- 
ment," writes  M.  Labbe,^^"  "attacks  and  destroys  the  cells  and 
bacteria  that  are  sensitive  to  its  action;  thanks  to  it,  patho- 
genic elements  are  destroyed  within  the  leucocytes."  As  is 
well  known,  the  efficiency  of  phagocytic  protection  is  proportion- 
ate with  the  relative  number  and  activity  of  the  phagocytes 
present,  and  if  these  cells  increase  promptly  in  the  blood,  they 
soon  dispose  of  the  bacteria;  conversely,  if  the  latter  are  too 
numerous,  or  too  virulent,  the  phagocytes  are  overwhelmed, 
partly  by  bacterial  toxins,  and  general  infection  occurs.  Phago- 
cytes, therefore,  owing  to  the  digestive  triad  they  contain,  play 
a  leading  part  in  the  defense  of  the  body,  in  accord  with  Metch- 
nikofE's  doctrine. 

Nolf :    Ann.  de  I'lnst.  Pasteur,  vol.  xiv,  pp.  297,  492,  1900. 

Wass«rmann :    "Immune  Sera,"  Transl.  by  Bolduan,  p.  5,  1904. 

Charrin  and  Levaditi:    Semaine  med..  Mar.  22,  1899. 
^  von  Zaremba:   Archiv  f.  Verdauungskrankheiten,  Bd.  vi,  S.  403,  1900. 
^Mouton:    Ann.  de  I'lnst.  Pasteur,  T.  xvi,  p.  457,  1902. 
'^•>  M.  Labbe:    "Le  Sang,"  p.  44,  Paris,  1902. 
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The  third  stage  of  the  auto-protective  process  is  now  in 
order ;  the  appearance  in  the  blood  of : — 

The  digestive  triad  as  the  bacteriolytic  constituent  of  the 
plasma.  While  Pfeiffer,  Fodor,  Nuttall  and  others  found  that 
the  blood-plasma  possessed  bactericidal  properties,  Buchner  and 
Hankin  isolated  the  active  substance,  and  termed  it  "alexin." 
As  stated  above,  this  is  the  trypsic  body,  or  digestive  triad  which 
destroys  bacteria  within  the  phagocytes.  The  experimental 
demonstration  by  Bordet,  Metchnikoff  and  others  that  the 
phagocytic  alexin  was  a  trypic  ferment  is  further  sustained 
by  Buchner's  own  labors  (1899),  which  showed  that  there  existed 
a  close  connection  between  the  leucocytes  and  the  presence  of 
alexins  in  the  plasma.  Buchner  showed,  moreover,  that  alexins 
were  derived  from  leucocytes,  a  conclusion  sustained  by  the 
investigations  of  Bail,  Schattenfroh  and  others,  and  now  gener- 
ally accepted.  As  to  the  manner  in  which  alexins  leave  the  leu- 
cocytes, Metchnikoff  and  Gengou  have  held  that  they  were  lib- 
erated by  breaking  up  of  the  cell.  We  have  seen,  however, 
that  this  view  can  no  longer  hold.  Indeed,  Buchner  showed 
that  they  were  secreted  by  the  cells,  a  conclusion  sustained  by 
Ehrlich's  investigations  and  those  of  other  observers.  On  the 
whole,  it  is  evident  that  while  leucocytes  use  their  intracellu- 
lar trypsin  to  digest  the  bacteria  they  ingest,  and,  as  I  have 
pointed  out,  convert  them  into  nutrient  granules  which  they 
carry  to  all  tissue-cells;  they  can  likewise  secrete  their  digestive 
triad  or  trypsin  with  their  granulations,  into  the  plasma,  thus 
endowing  the  latter  with  its  bactericidal  property.  The  inter- 
relations of  these  various  substances  in  the  blood  will  be  referred 
to  in  the  next  chapter. 

From  start  to  finish,  therefore,  it  becomes  possible  to 
account  for  the  auto-protective  or  "immunizing"  process  in  dis- 
ease by  means  of  substances  derived  from  the  ductless  glands: 
adrenoxidase,  the  thyro-parathyroid  secretion,  and  the  pancreatic 
internal  secretion.^^^  Even  the  phagocytes  which  utilize  the 
latter  are  ductless  glands,  since  they  also  secrete  their  bacterio- 
lytic substance  in  the  blood.  Moreover,  one  salient  fact  has 
asserted  itself,  viz.,  that  the  intra-phagocytic  and  plasmatic  bac- 
tericidal and  antitoxic  triad  is  the  identical  one  which,  as  I 
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have  pointed  out,  fulfills  the  cardinal  function  in  the  vital 
process  with  the  adrenal  active  principle  as  the  chief  factor. 
Here,  again,  the  paramount  influence  of  this  principle  prevails, 
since  it  is  to  its  identity  as  the  ferment  of  the  bactericidal  fer- 
ment, i.e.,  as  a  catalytic,  that  it  can  protect  the  body  whose  life 
it  serves  to  initiate  and  sustain. 

Wright's  subdivision  of  the  "bacteriotropic  substances"  into 
bactericidal  and  bacteriolytic  bodies,  opsonins  and  agglutinins, 
may  be  reduced  to  three,  under  these  conditions,  since  a  patho- 
genic organism  is  necessarily  killed  by  the  trypsin  whether  in  the 
phagocyte  or  in  the  blood-stream,  as  they  are  in  the  intestinal 
canal,  viz.,  the  digestive  triad,  trypsin,  the  thyro-parathyroid 
secretion,  opsonin,  and  agglutinin. 

We  are  left,  however,  with  an  unknown  quantity:  "agglu- 
tinin." What  are  the  nature  and  mode  of  action — both 
unknown — of  this  substance? 

As  interpreted  from  my  standpoint,  agglutination  is  the 
initial  phenomenon  of  bacteriolysis,  and  is  also  caused  by  the 
thyro-parathyroid  secretion.  It  is  a  coincident  phenomenon 
of,  or  succeeds  the  sensitization  of  pathogenic  organisms  or  of 
any  substance  to  be  dissolved  by  the  digestive  triad  in  the 
plasma.  Clumping  and  digestion  of  the  red  corpuscles — haemo- 
lysis— are  due  to  the  same  factors,  these  cells  sharing  the  fate 
of  the  bacteria  when  the  digestive  activity  of  the  plasma  becomes 
excessive. 

The  landmarks  of  the  thyro-parathyroid  secretion  are 
readily  traced  in  the  experimental  history  of  agglutinin.  Thus 
the  temperature  at  which  the  latter  is  destroyed  is  the  same. 
Wassermann,^^®  for  instance,  writes:  "The  agglutinins  are 
fairly  resistant  substances  which  withstand  heat  to  60°  C,  and 
lose  their  power  only  on  heating  to  65°  C.  It  is  possible, 
therefore,  to  make  a  serum  hsemolytically  inactive  by  heating  to 
55°  C,  and  still  preserve  its  agglutinating  power."  It  is  not 
to  adrenoxidase  alone  that  it  is  due,  since  the  latter  is  only 
destroyed  at  100°  C. ;  nor  can  it  be  the  digestive  triad  which  is 
destroyed  at  55-56°  C.  On  the  other  hand,  60°  to  65°  cor- 
responds with  opsonin,  which,  as  we  have  seen,  is  the  parathyroid 
secretion.    Its  intimate  functional  relationship  with  adrenoxi- 

23*  Wassermann :  Loc.  cit.,  p.  36. 
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dase  is  also  suggested  by  the  fact  that  Baumgarten^^'*  was  led 
experimentally  to  conclude  that  agglutinin  and  Ehrlich's  com- 
plement (adrenoxidase)  were  identical,  while  Bordet  and  von 
Dungem  held  that  hsemolysins  might  originate  from  the  red 
corpuscles.  Again,  we  have  seen  that  it  was  in  the  lungs  that 
the  thyro-parathyroid  secretion  was  taken  by  the  plasma  and 
red  corpuscles:  Deutsch  found  that  the  lungs  of  non-immwi' 
ized  guinea-pigs  were  the  only  organs  which  exceeded  in  agglu- 
tinating activity  that  of  the  blood-plasma,  and  therefore  of  all 
other  body  fluids. 

The  presence  of  agglutinin  in  plants  suggests  the  active 
agent  in  the  process.  Eicin,  obtained  from  the  castor-bean,  is 
very  active  in  this  particular,  as  are  abrin,  the  phallin  of  mush- 
rooms, and  other  plant  albumoses.  All  plants  containing  more 
or  less  iodine,  oxidases,  and  nuclein,  as  we  have  seen,  the  con- 
ditions therein  are  such  as  to  permit  the  elaboration  of  an 
iodine-ferment  (which  may  be  very  powerful,  as  in  the  plants 
mentioned)  very  similar,  in  its  chemical  properties,  with  those 
of  the  thyro-parathyroid  secretion.  This  involves  the  conclu- 
sion, however,  that  iodine  (the  main  active  agent  of  the  secre- 
tion and  of  the  vegetable  compound  corresponding  with  it) 
should  like  ricin,  abrin,  etc.,  produce  haemolysis:  "Iodine," 
writes  Cushny,-*°  "is  said  to  dissolve  the  red  blood-corpuscles 
when  it  is  brought  in  contact  with  them  outside  the  body,  and 
to  form  a  combination  with  haemoglobin."  The  corpuscles 
themselves  and  the  plasma  in  which  they  bathe  affording  the 
other  constituents  for  the  formation  of  an  iodine  ferment,  the 
effect  is  the  same  as  if  an  energetic  blood  haemolysin  had  been 
used.  Exception  has  been  taken  to  Ehrlich's  suggestion  that  the 
agglutinin  of  plant  albumoses  (phallin,  ricin  and  abrin)  was 
the  same  substance  as  haemolysin;  his  view  is  perfectly  war- 
ranted, however,  since,  as  stated  above,  plants  contain  not  only 
the  iodine  ferment,  but  also  trypsin,  etc.,  to  follow  up  agglu- 
tination with  digestion,  i.e.,  haemolysis.  Indeed,  Baumgarten 
found  that  partial  haemolysis  of  the  red  corpuscles  occurred 
after  they  had  been  agglutinated  with  ricin  and  abrin  when  the 
mixture  was  energetically  shaken. 


Baumgarten:    Berl.  klin.  Woch.,  Bd.  xxxviii,  S.  1240,  1901. 
Cushny:    "Pharmacol,  and  Therap."  third  edition,  p.  519,  1899. 
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That  agglutination  is  a  precursor  of  haemolysis  is  a  recog- 
nized fact.  Thus,  Bordet^*^  found  that  "agglutination  of  the 
red  corpuscles  occurs  previous  to  their  solution,"  that  "the  sol- 
vent power  of  the  specific  hgemolysins  depended  on  the  combined 
action  of  two  constituents  of  the  specific  serum,"  and,  moreover, 
that  "when  the  fresh  hsemolytic  serum  was  warmed  for  half  an 
hour  at  55°  C,  it  lost  its  power."*  That  both  the  amboceptor 
(adrenoxidase)  and  the  complement  (the  digestive  triad)  are 
necessary  for  the  production  of  haemolysis  has  in  fact  been  dem- 
onstrated by  Ehrlich  and  Morgenroth.^*^  All  the  more  recent 
investigations  have  not  only  served  to  confirm  these  funda- 
mental features  of  the  problem,  but  they  have  sustained  Ehr- 
lich's  view  that  hsemolysis  is  a  fermentation  process  analogous 
to  digestion.  This  applies  as  well  to  bacteriolysis,  as  is  well 
known.  Agglutinin  stands  out  prominently  as  an  independent 
substance  in  this  connection,  since  it  does  not  itself  immunize. 
Durham^**  found  that  the  presence  of  large  quantities  of  agglu- 
tinins in  the  blood  of  animals  did  not  prevent  death  from  infec- 
tion. It  is  plain,  therefore,  that  agglutination  is  but  an  initial 
phenomenon  of  the  immunizing  process. 

The  identity  of  agglutinin  as  the  thyro-parathyroid  secre- 
tion thus  asserts  itself  in  various  ways.  The  two  bodies  cor- 
respond: as  to  the  temperature  at  which  their  action  ceases, 
60°  to  65°  C;  their  source  in  the  blood-stream,  the  lungs;  the 
identity  of  their  main  active  agent,  iodine;  their  mode  of  dis- 
tribution, the  red  corpuscles;  and  finally,  their  sensitizing  prop- 
erty. Having  shown  in  the  preceding  section  that  opsonin  was 
also  the  thyro-parathyroid  secretion,  it  is  plain  that  opsonin  and 
agglutinin  likewise  represent  the  one  substance. 

Eeturning  to  Wright's  subdivision  of  the  "bacteriotropic 
substances"  of  the  blood  into  four  bodies,  it  has  become  evi- 
dent that  we  need  only  take  two  into  account,  viz.,  the  thyro- 
parathyroid  secretion  (opsonin,  agglutinin,  substance  sensibili- 
satrice)  and  the  digestive  triad  (trypsin,  cytase,  alexin,  com- 

*  The  experiments  of  several  investigators  to  determine  tlie  part  taken  by 
the  red  corpuscles  in  agglutination  and  haemolysis  are  rendered  valueless  by 
the  fact  that,  unlike  Bordet,  they  failed  to  use  fresh  serum  or  exposed  the  latter 
or  the  corpuscles  to  contact  with  substances  which  annulled  the  activity  of 
their  secretion. — S. 

Bordet:    Cited  by  Wassermann:    hoc.  eit.,  p.  3. 

Ehrlich  and  Morgenroth:    Berl.  klin.  Vi^och.,  Bd.  xxxvii,  S.  681,  1900. 
Durham:    Brit.  Med.  Jour.,  Sept.  3,  1898. 
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plement,  etc.).  Adding  thereto  phagocytosis,  we  have  the  three 
active  factors  of  the  immunizing  process  which  are  brought  into 
action  when  bacteria,  i.e.j  their  toxins  or  endotoxins,  or  any 
other  poison  capable  of  exciting  the  test-organ  of  the  pituitary 
body,  enters  the  blood-stream. 

In  the  first  volume,  over  four  years  ago,  I  advanced  the 
view  that  a  poison  or  toxin  capable  of  stimulating  the  adrenal 
center,  i.e.^  the  test-organ,  protected  the  organism  by  increasing 
the  proportion  of  immunizing  substances  in  the  blood,  and  that 
various  diseases  developed  because  of  the  deficiency  of  such 
substances.  Wright's  researches  have  demonstrated  that  during 
infection  by  certain  bacterial  species,  the  proportion  of  "bac- 
teriotropic  substances"  is  below  normal,  the  patient's  blood 
being  then  in  what  he  terms  the  "negative  phase,"  while — and 
this  is  the  most  important  result  of  his  valuable  researches — 
by  means  of  bacterial  vaccines,  tuberculin,  etc.,  judiciously 
employed  as  to  quantity  and  intervals  between  the  doses,  the 
immunizing  substances  can  be  so  increased  in  the  blood  that 
they  exceed  greatly  the  normal  limits.  This  raises  the  patient's 
defensive  powers  to  such  a  degree,  i.e.,  brings  them  up  to  the 
"positive  phase,"  that  the  invading  bacteria  and  toxins  are  more 
or  less  promptly  destroyed. 

Wright,  however,  found  that  great  precautions  were  neces- 
sary. By  what  he  terms  the  "opsonic  index,"  i.e.,  the  average 
number  of  bacteria  taken  up  by  each  leucocyte,  he  is  able  to 
gauge  the  proportion  of  bacteriotropic  substances  in  the  blood. 
He  observed  also  that  while  inoculations  cause  the  "bacteriotropic 
pressure"  to  rise,  the  latter  tends  constantly  to  return  to  nor- 
mal. This  imposes  the  need  of  regulating  carefully  the  inter- 
vals between  the  doses  in  order  to  keep  the  bacteriotropic  activ- 
ity of  the  blood  above  normal — a  fact  which  in  itself  imposes 
the  need  of  frequently  examining  the  blood.  The  use  of  large 
doses  in  no  way  tends  to  sustain  the  blood's  immunizing  power; 
experience  has  shown  that  these  are  dangerous,  particularly  in 
the  negative  phase,  and  that  they  may  even  cause  death.  Again, 
Wright^**  refers  to  what  he  terms  another  "serious  aspect  of 
the  question"  as  follows:  "Here  is  an  inoculation  after  which 
the  resisting  power  runs  down;  but  after  a  time  it  rises  and 


^  Wright:   Canadian  Practitioner  and  Rev.,  Nov.,  1906. 
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the  patient  is  re-inoculated  with  a  large  dose;  the  resistance 
goes  down  further,  and  before  he  can  recover  another  dose  is 
given  and  the  resistance  goes  down  still  further.  So  anybody 
can  inoculate  with  successive  doses  and  reduce  the  resisting 
power  to  anything  he  likes.  It  is  quite  easy  by  this  method  to 
reduce  the  resisting  power  of  the  blood  enormously." 

In  the  first  volume  and  elsewhere/"  I  laid  stress  on  the 
importance  of  recognizing  the  two  phases  of  action  to  which 
Wright  refers.  I  wrote  at  the  time  that  "the  majority  of  drugs, 
toxins,  physiological  toxalbumins,  etc.,  stimulated  the  adrenal 
system  when  the  proportion  of  these  agents  in  the  blood  did  not 
exceed  a  certain  limit,  and  that  when  this  limit  was  exceeded,  i.e., 
when  the  dose  administered,  or  the  amount  of  toxins  secreted  by 
bacteria,  etc.,  was  excessive,  it  either  inhibited  or  arrested  the 
functions  of  this  system."  Briefly,  the  observations  of  Wright 
are  clearly  accounted  for  when  the  functions  of  the  test-organ 
and  the  adrenals  are  taken  into  account :  Each  toxin  or  drug 
capable  of  exciting  the  test-organ  can  raise  its  functional  activ- 
ity up  to  a  certain  limit;  beyond  this  it  paralyzes  its  functions 
whether  the  dose  administered  be  excessive  or  whether  it  be 
given  in  smaller  doses  too  frequently,  thus  leading  to  cumu- 
lative action. 

The  result  in  both  cases  is  either  gradual  or  sudden  adrenal 
insufficiency  with  its  consequences :  more  or  less  rapid  diminu- 
tion of  adrenal  secretion,  i.e.,  of  adrenoxidase.  This  means 
that  the  protective  or  immunizing  substances,  which  are  simul- 
taneously the  life-sustaining  constituents  of  the  body,  are  quan- 
titatively inadequate.  The  auto-protective  functions  always 
working  hand  in  hand  with  the  vital  processes,  the  general 
symptoms  of  poisoning  invariably  include,  as  I  have  already 
pointed  out,^'"'  those  that  follow  removal  of  the  life-sustaining 
organs,  the  pituitary  and  the  adrenals,  viz.,  marked  adynamia, 
hypothermia,  lowered  vascular  pressure  with  weak  and  small 
pulse,  dyspnoea,  cyanosis  and  convulsions, — the  number  and  vio- 
lence of  the  symptoms  depending  upon  the  extent  to  which  the 
functions  of  the  test-organ  are  inhibited. 

In  the  first  volume^*'^  I  wrote :    "Artificial  immunization 


Sajous:    Phila.  Med.  Jour.,  Mar.  7,  1903. 
2"  Cf.  vol.  i,  p.  773. 
2"  Cf.  vol.  i,  p.  764. 
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means  the  introduction  not  of  bacteria,  but  of  their  products: 
the  toxins  themselves.  These  do  not  reproduce  any  more  than 
the  ahvaloids  of  plants  reproduce;  they  act  with  more  or  less 
vigor  upon  the  adrenal  system,  precisely  as  do  these  alkaloids  or 
other  drugs.  Indeed,  if,  instead  of  'toxins'  they  were  called  as 
are  the  alkaloids,  'medicines/  their  use  would  inspire  no  more 
fear  of  complications  than  do  the  former,  and  their  true  position 
in  therapeutics  would  be  accorded  them."  But  this  refers  to  un- 
contaminated  toxins.  Are  we  sure  that  tuberculin,  for  instance,  is 
always  free  of  pathogenic,  living,  organisms  ?  Karl  von  Kuck,^** 
who  can  speak  authoritatively  in  such  matters,  writes  in  this 
connection,  after  referring  to  the  inconstancy  of  the  results 
obtained  with  tuberculin  K. :  "Another  danger  from  its  use  was 
soon  shown  to  exist  by  Trudeau,^*®  who  found  living,  virulent 
tubercle  bacilli  in  the  preparation,  after  I  had  myself-'^''  directed 
the  attention  of  the  profession  to  the  probability  of  such  an 
occurrence." 

Again  the  question  of  technique  is  an  important  one.  The 
safeguards  urged  by  Prof.  Wright  will  surely  be  utilized  by  men 
who  have  acquired  his  skill,  and  insure  comparative  safety;  but 
when  we  take  into  account  the  small  proportion  of  such  men 
among  the  hundreds  of  thousands  of  practitioners  in  civilized 
countries,  and  the  fear  of  the  great  majority  of  medical  men  and 
their  patients  that  the  inoculation  itself  may  prove  a  source  of 
disease,  it  becomes  plain  that  pending  at  least  the  disappearance 
of  these  untoward  circumstances,  our  armamentarium  pJiarma- 
copodcB  should  remain  our  standby. 

Summarizing  the  evidence  and  conclusions  bearing  upon 
the  question  I  have  so  far  submitted,  the  following  conclusions 
seem  warranted: — 

(1)  Certain  drugs,  however  introduced  into  the  tody,  can, 
hy  stimulating  the  test-organ  of  the  anterior  pituitary,  increase 
the  hacteriolytic  and  antitoxic  properties  of  the  blood;  (2)  the 
immunizing  agencies  thus  increased  are  (a)  the  thyro-parathy- 
roid  secretion,  an  iodine-ferment  {now  Tcnown  as  the  sensitizing 
substance,  opsonin  and  agglutinin)  which  sensitizes  and  softens 
pathogenic  organisms,  preparing  these,  and  probably  all  poison- 

218  Karl  von  Kuck:  Med.  Record,  Jan.  20,  1906. 

S'lSTrudeau:    Medical  News,  Aug.  28  1897. 

250  Karl  von  Ruck:   New  Orleans  Med.  Jour.,  July,  1897, 
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ous  or  otherwise  harmful  substances,  hroJcen-down  cells,  wastes, 
etc.,  for  ingestion  and  digestion  by  the  phagocytes;  (b)  the 
phagocytes,  which  ingest  the  bacteria  to  digest  them  by  means 
of  their  intracellular  trypsin;  (c)  the  trypsin  secreted  by  phago- 
cytes or  other  leucocytes  into  the  blood-stream  and  which  digests 
therein  what  bacteria,  toxins,  toxic  wastes  and  other  noxious  sub- 
stances are  not  destroyed  by  the  phagocytes. 

Concerning  the  poisonous  effects:  (3)  drugs  which  are  ca- 
pable of  stimulating  the  test-organ  and  are  therefore  able  to  en- 
hance the  efficiency  of  the  immunizing  substances  directly  or 
indirectly,  differ  in  no  way  in  this  particular  from  inoculations 
of  bacterial  cultures,  tuberculin,  etc.,  and  can  only  excite  the 
test-organ  up  to  a  certain  degree,  varying  more  or  less  with  each 
drug ;  (4)  when  this  limit  is  exceeded  owing  to  the  use  of  exces- 
sive doses  or  of  small  doses  given  in  too  rapid  succession,  poison- 
ing occurs;  (5)  the  earlier  symptoms  of  poisoning  are  those  of 
excessive  activity  of  the  drug  used  or  of  the  chemical  combina- 
tions it  may  form  in  the  alimentary  canal,  the  blood,  the  leuco- 
cytes, the  subcutaneous  tissues,  etc;  (6)  sooner  or  later,  accord- 
ing to  the  drug  or  poison,  general  symptoms  appear  which  are 
common  to  all  agents,,  drugs,  toxins,  etc.,  capable  of  stimidating 
the  test-organ,  viz.,  great  weakness  with  flaccidity  of  the  mus- 
cles, hypothermia,  lowered  vascular  pressure,  rapid  and  weaTc 
pulse,  dyspnoea,  swarthiness[,  cyanosis,  convulsions  (due  to  ac- 
cumulation of  toxic  wastes)  and  coma;  (7)  these  symptoms  are 
due  to  dimirmtion  or  cessation  of  tissue  respiration,  i.e.,  of  gen- 
eral oxygenation,  the  result  in  turn  of  depression  or  cessation 
of  the  functions  of  the  test-organ  and  of  the  thyro-parathyroid 
apparatus, — owing  to  factors  which,  are  considered  in  succeed- 
ing chapters. 

With  Prof.  Wright  I  fully  concur  when  he  contends^"  that 
"we  have  in  the  power  of  raising  the  antibacterial  power  of  the 
blood  with  respect  to  any  invading  microbe,  out  of  all  com- 
parison the  most  valuable  asset  in  medicine."  But  I  hold  that 
we  have  among  the  remedies  that  have  been  at  our  disposal 
many  years,  agents  eminently  capable  of  raising  the  bacterio- 
lytic and  antitoxic  power  of  the  immunizing  constituents  of  the 
blood  beyond  even  the  limits  required  to  antagonize  any  infec- 

251  Wright:   Cited  by  C.  P.  Aaron:  N.  Y.  Med.  Jour.,  Dec.  1,  1906. 
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tion  or  any  other  form  of  toxaemia.  Indeed,  so  intense  is  this 
action  in  the  case  of  some  of  these  agents  that  the  blood-cells 
themselves  are  digested  (haemolysis)  along  with  the  bacteria. 
The  practical  experience  accumulated  by  clinicians  during  the 
many  years — centuries  in  some  instances — ^that  these  agents 
have  been  employed,  and  the  researches  of  therapeutists  into 
their  physiological  action,  have  given  us  a  working  field  which 
it  will  take  decades  of  steady  labor  upon  all  questions  relating  to 
the  use  of  tuberculin  or  other  bacterial  products  by  inocula- 
tion even  to  approach.  We  need  not,  therefore,  deprive  the 
present  generation  of  the  advantages  that  the  magnificent  lore 
of  our  profession  affords.  Within  our  reach  are  weapons  whose 
every  part  is  known  to  all  and  which,  in  power  to  destroy  the 
greatest  enemies  of  mankind,  are  second  to  none — provided  their 
present  empirical  use  give  way  to  their  scientific  use,  viz.,  with 
the  test-organ  of  the  pituitary  and  the  organs  which  it  controls 
as  the  foundation  of  the  body's  auto-protective  resources.  This 
binds  indissolubly  pharmacotherapeutics  to  the  general  prin- 
ciple of  immunity — precisely  the  field  I  opened  in  the  first  vol- 
ume of  this  work.  We  must  learn  to  bow  to  Nature's  powers; 
had  her  mode  of  work — the  doctrine  of  Hippocrates — inspired 
all  researches  since  his  time.  Medicine  would  not  only  rank  as 
a  Science  to-day,  but  it  would  exceed  all  other  sciences  in  per- 
fection. 

As  a  final  conclusion  of  this  chapter,  I  would  submit,  there- 
fore, that  immunizing  medication  is  the  foundation  of  rational 
therapeutics. 


CHAPTEK  XVIII. 


THE  INTERNAL  SECEETIONS  IN  THEIR  RELATIONS 
TO  PHARMACODYNAMICS. 

THE  PRESENT  STATUS  OF  THERAPEUTICS. 

In  a  Presidential  Address^  A.  H.  Bampton  said  recently 
(1907) :  "Scepticism  is  in  the  air.  Even  in  this  society,  if  any 
daring  member  has  introduced  a  subject  bearing  on  medical 
treatment,  it  has  been  with  an  apologetic  air  and  humble  mien, 
well  knowing  that  if  his  remarks  had  any  reference  to  the 
utility  of  drugs  in  the  treatment  of  disease  they  would  be  sub- 
jected to  good-humored  banter,  and  received  by  those  sitting 
in  the  seat  of  the  scornful  with  amused  incredulity."  That 
the  same  spirit  reigns  on  this  side  of  the  ocean  hardly  needs 
to  be  emphasized.  But  four  years  have  elapsed  since  Prank 
Billings,  also  in  a  Presidential  Address,^  declared  that  "drugs, 
with  the  exception  of  quinine  in  malaria  and  mercury  in 
syphilis,  are  valueless  as  cures,"  and  what  has  been  termed 
Osier's  'T)lack,  hopeless,  helpless,  therapeutic  pessimism,"  is 
quite  as  applicable  to  a  large  proportion  of  the  medical  men 
of  our  country.  The  present  work,  in  fact,  was  begun  under 
the  influence  of  a  very  similar  state  of  mind.  It  would  be 
unfair,  however,  to  incriminate  only  pharmacological  knowl- 
edge on  this  score;  pathology  is  quite  as  invalid  when  the  rela- 
tions of  cause  to  effect  are  scrutinized.  Indeed,  Lewellys  F. 
Barker's  previously  quoted  estimate  that  "drugs  of  unl-noim 
physiological  action  cannot  conscientiously  be  set  to  act  upon 
bodily  tissue  in  disease  in  tvhich  we  are  ignorant  of  deviations 
from  the  normal"  exemplifies  succinctly  the  dual  caiise  of  the 
rather  ignominious  position  in  which  practical  medicine  finds 
itself.  The  contents  of  the  foregoing  chapters  account  for 
this:  they  show  that  functions  of  the  first  order  have  been 
overlooked:  functions  which,  in  pathogenesis  and  therapeutics, 
play  the  leading  part,  and  without  which  these  fundamental 
branches  must  remain  inscrutable. 

1  A.  H.  Bampton:  Leeds  and  West  Riding  Medico-Chirurgical  Soc,  Lancet, 
Jan.  19,  1907. 

2  Billings:   54th  Annual  Session  of  the  Amer.  Med.  Assoc.,  1903. 
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Eeferring  only  for  the  time-being  to  therapeutics,  no 
apology  is  needed,  therefore,  if  the  interpretations  of  the  phy- 
siological action  of  drags  I  present  herein  differ  totally  from 
any  yet  advanced.  The  introduction  of  a  series  of  functions 
besides,  even,  those  of  the  adrenal  system,  viz.,  the  various  pro- 
cesses carried  on  by  the  anterior  and  posterior  pituitary  bodies 
and  by  the  different  leucocytes,  the  additional  role  attributed 
to  the  red  corpuscles,  the  several  blood  constituents  which  play 
so  important  a  part  in  the  life  process  itself  and  the  defence 
of  the  organism,  etc.,  normally  entails  a  complete  transforma- 
tion of  the  prevailing  conceptions. 

Our  fund  of  experimental  and  clinical  facts  has  not 
in  the  least  been  set  aside.  Indeed,  experimental  therapeutists 
have  contributed  a  vast  array  of  positive  data  which,  utilized 
individually,  i.e.,  irrespective  of  any  interpretation  formulated 
by  the  investigators  themselves,  and  suitably  grouped,  afford 
a  rich  source  of  material  for  the  elaboration  of  doctrines  based 
only  on  established  facts,  and,  therefore,  poised  on  a  sound 
foundation.  It  is  to  Horatio  C.  Wood  that  we  owe  mainly 
this  mode  of  investigation,  and  if  it  has  not  as  yet  borne  sub- 
stantial fruit,  it  is  not  owing  to  the  fact  that  the  principle  is 
unsound,  but  because  the  building  materials  were  incomplete. 
Besides  the  various  organs  enumerated  above,  are  others,  the 
functions  of  which  have  also  been  overlooked,  Ludwig  and 
Cyon's  depressor  nerve,  for  instance,  discovered  by  these 
physiologists  in  1866.  As  I  will  show  below,  this  nerve  plays 
an  important  part  in  the  self-defence  of  the  organism  against 
disease.  x\gain,  the  fact  that  the  majority  of  the  body-func- 
tions have  remained  unexplained  by  physiologists  has  rendered 
it  impossible  to  understand  many  phenomena  provoked  by 
drugs.  The  manner  in  which  a  motor  nerve  produces  its 
effects,  for  instance,  is  as  obscure  to-day  as  it  was  fifty  years 
ago.  Vasodilation  is  a  prominent  feature  of  the  action  of 
drugs,  and  yet  the  manner  in  which  it  is  brought  about  is 
absolutely  unknown.  As  pointed  out  under  the  next  heading, 
this  problem  is  readily  solved  when  the  presence  of  adren- 
oxidase  in  the  blood-stream  is  taken  into  account. 

Again,  the  accumulated  evidence  of  all  the  practitioners 
of  Christendom  for  centuries  is  certainly  of  some  value.  As 
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Bampton  states:  "Although  our  treatment  then,  as  now  in 
part,  may  be  stigmatized  empirical,  it  was  none  the  less 
founded  upon  careful  clinical  experience."  Here  also  we  have 
a  vast  array  of  solid  data  for  the  elucidation  of  the  relations 
between  cause  and  effect,  i.e.,  of  the  manner  in  which  the 
organism  responds  to  exogenous  influences.  Unfortunately, 
the  laboratory  experimenter  is  too  prone  to  ignore  the  teach- 
ings of  clinical  experience,  forgetting  that,  judged  as  an  experi- 
ment, the  use  of  a  remedy  in  a  given  case  is  at  least  as  elucida- 
tive, with  the  refined  methods  of  investigation  now  at  the  dis- 
posal of  the  clinician,  as  his  own.  Were  he  to  add  this  fund 
of  information  to  his  own  resources,  and  scnitinize  as  closely 
as  the  protocol  of  his  experiments  the  recorded  results  of  the 
administration  of  the  corresponding  remedy  in  disease,  he 
would  soon  withdraw  therapeutics  from  the  position  into  which 
it  has  undeservedly  fallen,  and  raise  it  to  the  dignity  of  a 
science. 

In  the  various  familiar  drugs  studied  in  the  following 
chapters,  I  have  availed  myself — as  far  as  space  would  permit 
— of  these  two  great  sources  of  information;  besides  the  func- 
tions of  the  organs  I  have  introduced  into  the  varioiis  problems. 
That  this  plan  must  be  fruitful,  is  suggested  by  an  important 
result  reached,  viz.,  that  in  the  case  of  each  drug  the  physi- 
ological action  I  submit,  though  differing  totally  from  that 
now  taught,  explains  clearly  hoiv  the  disease  or  morlid  symp- 
tom for  which  it  is  used  is  antagonized  and  overcome.  This, 
in  itself,  affords  strong  testimony  to  the  effect  that  the  new 
conception  of  pharmacodynamics  I  submit  is,  in  its  general 
lines,  poised  on  a  solid  foundation. 

Before  study  of  the  various  agents  considered  in  this  chap- 
ter can  be  undertaken,  however,  the  manner  in  which  the  vaso- 
dilator and  depressor  nerves  produce  their  effects  requires 
attention. 

THE  MECHANISM  OF  VASODILATION  AND  ITS  RELATIONS 
TO  ORGANIC  FUNCTION. 

The  existence  of  vasoconstrictor  nerves  discovered  by 
Claude  Bernard  in  1851,  confirmed  by  Brown-Sequard  the  fol- 
lowing year,  has  become  one  of  the  keystones  of  modern  physi- 
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ology,  and  its  solidity  has  never  been  shaken.  The  mode  of 
action  of  vasoconstrictors  is  also  established.  We  cannot  say 
the  same,  however,  of  the  vasodilators;  the  actual  existence  of 
a  dilator  center,  or  even  of  true  vasodilator  nerves,  in  fact,  is 
still  undetermined. 

In  his  summary  of  vasomotor  actions,  Foster,^  for  instance, 
says  that  "there  is  no  adequate  evidence  that  these  vaso- 
dilator fibers  serve  as  channels  for  tonic  dilating  impulses  or 
influences."  Landois  and  Stirling,*  referring  to  the  "vaso- 
dilator center"  in  the  medulla,  state  that  "its  existence  there 
has  been  surmised,"  and  furthermore,  that  "the  existence  of 
vasodilator  nerves  is  assumed."  In  the  last  edition  of  the 
same  text-book"  published  eighteen  years  later  (1905),  this  is 
modified  to  the  statement  that,  "although  a  center  for  vaso- 
dilator or  vessel-relaxing  nerves  has  not  yet  been  demonstrated, 
the  existence  of  such  a  center  in  the  medulla  may  nevertheless 
be  suspected."  J.  G.  Curtis"  states  that  "it  is  not  known 
whether  a  vasodilator  center  is  present  in  the  bulb."  The 
actual  state  of  the  question  is  aptly  summarized  by  H.  C.  Chap- 
man,''  when  he  says:  "Though  numerous  explanations  have 
been  offered  of  the  manner  in  which  the  vasodilator  nerves  act, 
it  must  be  admitted  that  none  of  them  are  satisfactory,  and 
that  it  is  not  yet  understood  how  their  stimulation  causes 
dilatation  of  the  blood-vessels." 

Even  the  stronger  lines  of  testimony,  those  based  on 
cutaneous  hyperjemia,  blushing,  etc.,  in  favor  of  the  presence 
of  vasodilator  nerves  in  the  spinal  cord,  including  that  afforded 
by  excitation  of  the  upper  segment  of  the  cervical  sympathetic, 
after  section,  cannot  stand  close  scrutiny.  "Flushing  of  the 
skin,  or  a  rise  of  temperature  in  it,"  writes  Langley,**  "are  at 
times  and  in  certain  circumstances,  produced  by  stimulation  of 
the  sympthetic;  and  it  is  generally  believed  that  the  changes 
are  due  to  the  presence  of  vasodilators.  The  evidence,  on  the 
whole,  is  in  favor  of  the  presence  of  such  nerve-fibers,  but  it  is 
I  think,  premature  to  regard  the  question  as  settled."  The 

"Poster:    "T.  B.  of  Physiol.,"  sixth  American  edition,  p.  229,  1895. 

*  Landois  and  Stirling:    "T.  B.  of  Physiol.,"  vol.  ii,  p.  959,  188G. 

"^Landois:    "T.  B.  of  Human  Physiology,"  tenth  edition,  p.  771,  1905. 

"J.  G.  Curtis:    "Amer.  T.  B.  of  Physiol.,"  vol.  i,  p.  199,  1900. 

'  H.  C.  Chapman:    "Treatise  on  Human  Physiology,"  second  edition,  p.  692, 

1899. 

^Langley:   Schafer's  "T.  B.  of  Physiol.,"  vol.  11,  p.  626. 
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weakness  of  the  whole  scheme  hardly  needs  to  be  further 
emphasized.  When  we  consider  that  vasodilation  is  the  all- 
important  factor  of  function  in  all  organs,  the  need  of  ascer- 
taining the  nature  of  this  process  imposes  itself. 

No  one,  of  course,  denies  that  dilator  effects  are  witnessed 
in  various  organs;  the  obscure  feature  of  the  question  is  the 
manner  in  which  these  effects  are  brought  about.  Even  Claude 
Bernard's  memorable  experiment,  which  conclusively  demon- 
strated the  existence  of  nerves  capable  of  causing  vasodila- 
tion, has  remained  unexplained,  as  far  as  the  mode  of  action  of 
the  chorda  tympani  is  concerned.  The  fact  that  division  of  the 
sympathetic  (constrictor)  fibers  distributed  to  the  submaxillary 
gland's  vessels  is  followed  by  dilation  of  the  latter  and  an 
increased  outflow  of  blood  led  Bernard  to  suggest  that  the 
chorda  tympani  inhibited  the  sympathetic  fibers.  Granting 
that  it  does  represent  a  physiological  function,  this  interpreta- 
tion fails  to  harmonize  with  several  established  facts.  Among 
these  is  the  observation  of  Schiffi  (1856)  and  confirmed  by  sev- 
eral investigators  since,  that  "the  vessels  of  any  organ  are 
dilated  to  a  greater  degree  by  excitation  of  the  vasodilators 
than  they  are  by  paralysis  of  the  vasoconstrictors.""  It  is  evi- 
dent that  "inhibition"  or  "paralysis"  should  simply  counteract 
the  constrictor  effects,  the  vessels  retaining  their  normal 
diameter.  In  reality,  the  dilation  is  much  more  marked  under 
excitation,  and  the  submaxillary  gland  is  no  exception  to  the 
rule.  Langley,^"  in  discussing  the  mode  of  action  of  inhibitory 
fibers,  refers  to  this  view  as  untenable,  and,  alluding  to  "the 
bucco-facial  region  of  the  dog,  the  inhibitory  fibers  of  the  heart 
and  the  inhibitory  fibers  of  the  stomach  and  intestine," 
remarks:  "We  may  conclude  for  all  cases  that  the  inhibition 
which  we  are  considering  is  not  produced  by  a  lowering  of  the 
activity  of  sympathetic  or  similar  nerve  cells."  Foster's^^ 
estimate  in  this  connection  is  conclusive:  "We  may,  if  we 
please,  speak  of  an  'inhibitory  mechanism'  placed  in  the  heart 
itself,"  says  this  investigator,  "but  we  have  no  exact  knowl- 
edge of  the  nature  of  such  a  mechanism." 

In  the  vasodilator  phenomenon  discovered  by  Claude  Ber- 

»Schiff:   Leonard  Hill:    Schafer's  "T.  B.  of  Physiol.,"  vol.  ii,  p.  135. 
lOLangley:    Ibid.,  vol.  ii,  p.  673. 
"Foster:   Loc.  cit.,  p.  207. 
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nard  we  have  an  illustration  of  the  active  functions  of  all 
organs.  But  how  does  the  chorda  tympani  cause  vasodilation? 
The  solution  of  this  problem  furnishes  that  of  a  multitude  of 
questions  in  the  domains  of  physiology,  pathology,  and  thera- 
peutics. 

If  the  foregoing  estimates  are  reduced  to  their  simplest 
expression,  our  knowledge  of  the  source  and  nature  of  vaso- 
dilator impulses  is  about  as  follows :  we  have  a  prohlematic 
center,  grafted  upon  another  center  known  to  transmit 
impulses  of  an  opposite  kind;  this  problematic  center  is  sup- 
posed to  be  the  source  of  dilator  impulses  through  nerves  which 
have  not  been  shown  to  act  as  channels  for  them,  and  which 
serve  to  dilate  vessels  which  do  so  automatically,  when  all 
nerves  distributed  to  them  are  severed.  In  other  words,  the 
conception  is  illogical  from  start  to  finish.  It  may  be  objected 
that  the  cord  itself  is  the  source  of  dilator  impulses,  and  that 
nervi  erigentes,  for  instance",  may  be  made  to  produce  dilator 
phenomena  reflexly  when  the  cord  is  severed  above  the  lumbar 
region.  But  this  in  no  way  modifies  the  situation,  for  the 
spinal  centers  are  thus  merely  brought  into  line  with  others 
credited  with  similar  functions:  the  pontine  nucleus  of  the 
facial  nerve,  the  source  of  the  chorda  tympani's  stimuli,  for 
example.  The  manner  in  which  these  spinal  centers  cause 
vasodilation  is  no  less  obscure. 

A  key  to  the  situation  is  within  reach  if  all  prevailing 
theories  are  set  aside  and  facts  only  are  accepted  as  guides. 
We  Tcnoiv  that  constrictor  impulses  originate  from  a  vasomotor 
center  or  subsidiary  centers;  we  know  that  vasodilator  effects 
are  produced.  Why  should  constrictor  impulses  not  give  rise 
to  dilator  effects? 

Claude  Bernard^s  experiment  is  outlined  by  Leonard  HiU^^ 
in  the  following  words :  "Exposing  the  submaxillary  gland,  he 
opened  one  of  the  efferent  veins  and  observed  the  outflow  of 
blood.  On  dividing  the  cervical  sympathetic  nerve,  the  blood 
flowed  in  increased  volume  and  became  more  arterial  in  color. 
On  exciting  the  same  nerve  the  outflow  entirely  ceased  and  the 
gland  became  pale  in  color.  He  next  excited  the  chorda  tym- 
pani nerve;  the  gland  blushed  red,  and  almost  immediately 


12  Leonard  Hill:   hoc.  cit.,  p.  132. 


VASODILATION  IN  RELATION   TO  ORGANIC  FUNCTION.  1119 

bright  arterial  blood  gushed  out  from  the  vein.  The  vascular 
dilatation  was,  in  this  case,  so  great  that  the  blood,  with  each 
pulsation  of  the  artery,  flowed  from  the  veins  in  jets." 

The  chorda  tympani  fulfills  a  dual  role.  "When  the 
chorda  is  stimulated,"  says  Foster,^^  "there  pass  down  the 
nervCj  in  addition  to  impulses  affecting  the  blood-supply,  im- 
pulses afliecting  directly  the  protoplasm  of  the  secreting  cells, 
and  calling  it  into  action."  These  fibers  were  traced  to  the 
secretory  elements  by  Pfliiger,  and  his  observation  was  con- 
firmed by  Paladino  in  1876,  and  subsequently  by  Navalic.hin 
and  Kytmanoff,  Fusari  and  Panasci,  and  Eamon  y  Cajal.'* 
When,  however,  the  fibers  to  the  secretory  cells  are  paralyzed, 
the  vascular  phenomena  are  not  modified.  "If  a  small  quantity 
of  atropine  be  injected  into  the  veins,"  says  Foster,^^  "stimu- 
lation of  the  chorda  produces  no  secretion  of  saliva  at  all, 
though  the  dilatation  of  the  blood-vessels  takes  place  as  usual; 
in  spite  of  the  greatly  increased  blood-supply."*  This  is  a 
familiar  physiological  fact,  first  observed  by  Ludwig  many 
years  ago,  which  shows  that  however  produced,  the  vasodilator 
effects  must  be  ascribed  to  the  chorda  tympani  only. 

The  salient  features  of  Bernard's  experiment,  besides  the 
vascular  dilation,  are  an  increased  volume  of  blood,  the  pres- 
ence of  arterial  blood,  and  the  expulsion  of  the  latter  in  jets 
coinciding  with  arterial  pulsations.  To  meet  the  needs  of  the 
first  of  these  phenomena,  it  is,  of  course,  necessary  (1)  that  an 
increased  volume  of  blood  be  admitted  to  the  organ,  and  (3) 
that  the  blood-pressure  be  increased  behind  the  column  of 
blood  so  admitted.  Obvious  as  these  two  conditions  are,  how- 
ever, they  embody,  it  seems  to  me,  a  solution  of  the  question 
in  point,  for:  given  an  adequate  pressure  behind  an  increased 
volume  of  blood,  we  have  a  column  which  exerts  centrifugal 
pressure  upon  the  walls  of  the  vessels  through  which  it  passes 
and  capable,  therefore,  of  dilating  them.  To  account  for  the 
arterial  character  of  this  column  of  blood  and  its  expulsion  in 
jets,  we  require  larger  vessels  than  the  arteriole  in  the  gland 
proper.    The  three  or  four  submaxillary  branches  which  sup- 

*  The  Italics  are  my  own.— S. 

Foster:   Loc.  cit.,  p.  265. 
"Ramon  y  Cajal:   Testut:  "Traite  d'Anatomie  Humaine,"  third  edition,  vol. 
iii,  p.  175,  1895. 

1^  Foster:   Loc.  cit.,  p.  264. 
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ply  the  gland  furnish  enough  blood  when  the  organ  is  inac- 
tive to  form  "a  thin  slow  stream"  and  supply  the  needs  of  the 
mechanism.  Derived  as  they  are  from  the  facial  artery,  any 
increase  of  their  caliber  would  normally  give  free  sway  to  the 
marked  back  pressure  which  this  vessel  affords.  The  close 
proximity  of  the  facial  artery  to  the  external  carotid,  of  which 
it  is  a  branch,  its  anatomical  relations  with  the  submaxillary 
gland,  and  the  fact  that  it  pulsates  actively,  clearly  point  to 
this  vessel  as  a  prominent  factor  of  the  process.  But  how  is 
it  made  suddenly  to  shift,  as  it  were,  an  additional  volume  of 
blood  into  its  submaxillary  branches — which  requires  widening 
of  the  lumens  through  which  the  blood  enters  the  latter — and 
simultaneously  increase  its  own  propulsive  power?  This 
increase  must  be  very  marked,  for  "during  stimulation,"  says 
Foster,  "the  blood  rushes  out  in  rapid,  full  stream."  A  very 
simple  mechanism,  the  various  parts  of  which  are  familiar 
anatomical  landmarks,  seems  to  me  to  satisfy  all  the  needs  of 
the  function. 

We  have  seen  that  the  chorda  tympani  alone  increases  the 
functional  activity  of  the  gland.  This  nerve  has  two  sets  of 
fibers:  secretory  and  vasodilator.  Both  of  these  are  given  off 
(anatomically)  from  a  small  ganglion,  the  submaxillary,  found 
above  the  hilum  of  the  organ.  A  feature  of  the  distribution  of 
this  ganglion's  fibers,  however,  is  that  some  of  them  penetrate 
the  gland  proper,  while  others  pass  directly  to  the  walls  of  the 
submaxillary  branches  of  the  facial  artery,  and  to  the  latter 
likewise.  Now,  all  these  vessels  are  within  the  limits  of  those 
supplied  with  vasa  vasorum,  at  least  that  first  given  by  Henle, 
1.1  millimeter.  Their  walls  thus  receive  blood  as  do  other  struc- 
tures, and  are  also  oxygenated  directly  from  the  general  circu- 
lation. These  nutrient  arteries,  the  largest  of  which,  accord- 
ing to  Gimbert,^®  have  a  diameter  of  0.017  millimeter,  form  an 
anastomosing  network  in  the  tunica  adventitia,  composed 
chiefly  of  fibrous  connective  tissue  intermixed  with  a  network 
of  elastic  fibers,  but  Kolliker,  Eberth,"  Aeby^*  and  others 
since  found  that  the  outer  third  of  the  middle  coat,  which  con- 
tains a  large  proportion  of  muscular  cells  disposed  mainly  in 

"Glmbert:    Jour,  de  I'anat.  et  de  physiol.,  T.  ii,  p.  630,  1865. 
"Eberth:    Strieker's  "Handbueh,"  S.   192,  1869. 
isAeby:   "Der  Bau  d.  menschl.  Korpers,"  S.  782,  1871. 
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a  circular  manner,  was  also  provided  with  them.  As  shown 
by  Eanvier,"  vascularization  of  this  coat,  however,  is  an 
accompaniment  of  local  pathological  processes,  and  it  is 
now  generally  thought  that  nutrient  vessels  do  not  pene- 
trate this  coat,  except  in  the  largest  vessels.  Shakespeare^" 
says  in  this  connection:  "In  the  large  vessels  the  middle 
and  outer  coats  are  supplied  with  blood-vessels — the  vasa 
vasorum.  In  a  few  instances  capillaries  enter  the  tunica 
intima."  While,  therefore,  vasa  vasorum  form  an  irregular 
but  close  meshwork  in  the  fibro-elastic  layer,  they  can  only  he 
said  to  reach  in  man  the  surface  of  the  deeper  or  muscular 
layer. 

That  this  network  of  nutrient  capillaries  is  not  itself  sup- 
plied with  vasomotor  nerves  is  self-evident.  These  are  doubt- 
less distributed  to  the  arterioles  from  which  the  capillaries  are 
given  off.  That  very  minute  arterioles  are  supplied  with  a  vaso- 
motor network  is  well  shown  in  the  annexed  plate  by  Joris,^^ 
the  upper  vessel  being  about  one-quarter  of  a  millimeter,  while 
the  lower  is  but  forty-five  thousandths  of  a  millimeter  in 
diameter. 

Important  in  this  connection  is  the  structure  of  the 
small  vessels  which,  though  referred  to  generally  as  "arteries," 
are,  in  reality,  arterioles  as  regards  histological  structure  and 
size.  In  this  class  of  vessels,  the  internal  coat  is  composed  of 
endothelial  plates  only.  Overlying  this  coat  is  one  composed 
of  what  Eanvier  termed  the  "internal  elastic  lamina,"  and  of 
a  layer  of  nonstriated  muscular  cells.  Both  this  layer  and  the 
elastic  layer  are  thus  blended  functionally,  as  it  were.  Now,  if 
a  cross  section  of  such  a  vessel  is  examined,  the  elastic  coat  will 
be  seen  to  have  a  wavy  or  festooned  circular  outline.  "The 
internal  elastic  layer,"  says  Eanvier,^^  "as  are  all  structures 
composed  of  elastic  material,  are  elastic  only  to  a  limited 
extent,  and  when  it  is  compressed  by  the  annular  muscular 
layer,  it  often  happens  that  the  lower  limit  of  elasticity  is  sur- 
passed, and  that  in  order  to  accommodate  itself  within  the 
restricted  space  reserved  for  it,  it  must  fall  into  longitudinal 

^'Ranvier:  "Traitfi  technique  d'histologie,"  1875. 
'"Shakespeare:    Allen's  "Anatomy,"  p.  72,  1884. 

iiiJoris:   Bull,  de  I'Acad.  Roy.  de  Med.  de  Belg.,  T.  xx,  p.  502,  1906. 
i^Ranvier:  Ibid. 
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folds.  Hence  the  festoon  seen  in  cross  sections,  whereas  in 
longitudinal  sections  of  small  arteries  the  folds  formed  under 
the  influence  of  the  muscular  contraction  cause  it  to  appear 
as  longitudinal  striae." 

The  manner  in  which  the  muscular  coat  of  arterioles  (mean- 
ing thereby  the  smallest  of  arteries,  those  which  join  the  capil- 
laries or  the  so-called  pre-capillary  vessels)  is  disposed  around 
them  is  also  of  considerable  importance.  Thus,  referring  to 
these  particular  vessels,  BerdaP^  writes:  "The  muscular  cells 
form  a  single  and  continuous  layer  around  the  small  arterial 
vessel.  They  are  rolled  spirally  around  the  arteriole."  As  I 
will  show  in  the  next  chapter,  this  enables  these  vessels  (under 
the  influence  of  sympathetic  impulses)  to  propel  their  blood 
into  the  capillary  system  and  to  cause  the  arterioles  to  resume 
their  normal  diameter  after  they  have  been  caused  to  dilate 
through  the  mechanism  now  in  question. 

The  mechanical  process  of  vasodilation  will  now  appear. 
As  nutrient  arteries,  the  vasa  vasorum  supply  the  walls  of  the 
vessels  to  which  they  are  distributed  with  blood  obtained  from 
a  neighboring  artery.  This  blood,  as  elsewhere,  enhances  the 
functional  activity  of  these  tissues  by  increasing  metabolism 
in  the  cellular  elements  of  which  they  are  composed.  Again, 
Roy^*  showed  that  the  thermo-elastic  properties  of  animal 
tissues  differed  from  that  of  most  other  substances,  and  that 
they  contracted  when  the  temperature  was  raised  and  expanded 
when  the  temperature  was  lowered.  We  thus  have  two  inter- 
dependent factors,  one  chemical  and  the  other  physical,  depen- 
dent upon  the  hlood  of  the  vasa  vasorum,  capable  of  influencing 
the  caliber  of  the  vessels  to  which  they  are  distributed.  It 
is  now  evident  that  constriction  of  the  vasa  vasorum,  by  arrest- 
ing or  reducing  the  flow  of  blood  to  the  walls  of  the  vessels 
they  nourish,  will  lower  both  metabolism  and  heat  in  these 
vessels,  thus  causing  relaxation  of  their  spiral  muscular  ele- 
ments, and  as  a  normal  consequence,  dilation.  We  thus  have 
vasodilation  of  arteries  and  veins  produced  by  vasoconstriction 
of  their  nutrient  vessels — as  illustrated  in  the  next  chapter. 

This  interpretation  meets  the — so  far  unexplained — ^fact 


23Berdal:  "Histologie  Normale,"  fourth  edition,  p.  307,  1894. 
'*Roy:   Jour,  of  Physiol.,  vol.  iii,  p.  125,  1880. 


VASODILATION  IN  RELATION  TO  ORGANIC  FUNCTION.  1123 

that,  as  observed  by  Schiff,  vessels  dilated  by  their  vasodilators 
expand  to  a  greater  degree  than  when  their  constrictors  are 
severed.  In  the  latter  case,  nerve  impulses  are  alone  arrested, 
and  the  vessel  continuing  to  receive  its  nutrient  blood,  it  soon 
resumes  its  normal  caliber.  When  the  nutrient  blood  of  the 
vasa  vasorum,  on  the  other  hand,  cannot  reach  the  vascular 
walls,  both  causes  of  constriction  fail,  since  the  walls  are  no 
longer  able  to  respond  to  nervous  stimulation.  Again,  it 
accounts  for  all  the  phenomena  observed  by  Claude  Bernard. 
The  dilation  of  the  gland's  vessels  is  left,  to  a  certain  extent, 
under  the  influence  of  the  volume  of  blood  forced  through 
them  from  behind.  Here  the  source  of  general  supply  being 
the  facial,  a  branch  of  the  external  carotid,  we  have  not  only — 
after  vasodilation  of  the  submaxillary  arteries  induced  by  con- 
striction of  their  nutrient  vessels — a  marked  increase  of  the 
volume  of  blood  in  transit  through  the  organ,  but  it  is  pro- 
pelled with  such  rapidity  through  the  latter  that  the  change 
to  venous  blood  cannot  occur.  Finally,  the  streams,  under  the 
influence  of  the  greater  artery's  periodical  contractions,  leave 
the  gland  in  jets. 

Again,  it  does  away  with  the  need  of  a  dilator  center 
which  no  one  has  ever  located,  and  of  dilator  nerves  which  no 
one  has  ever  seen.  Inasmuch,  however,  as  Langley^^  found 
that  extirpation  of  the  superior  cervical  ganglion,  which  causes 
degeneration  of  the  sympathetic  fibers  distributed  to  the  ves- 
sels of  the  gland,  did  not  prevent  vasodilation  when  the  chorda 
was  stimulated,  the  constrictor  fibers  of  the  vasa  vasorum  are 
not  sympathetic  fibers.  They  are  evidently  the  fibers  in 
cranial  nerves  which  incite  functional  activity  in  all  organs  by 
increasing  the  volume  of  their  blood  supply.  In  view  of  the 
fact  that  they  provoke  dilator  effects  by  transmitting  con- 
strictor impulses,  I  will  henceforth  refer  to  them  as  "stricto- 
dilator"  nerves — a  distinction  of  paramount  importance  in 
therapeutics,  as  will  be  shown. 

Finally,  it  meets  all  the  conditions  which,  according  to 
modern  physiologists,  an  explanation  of  the  mechanism  of  vaso- 
dilation should  embody.   Thus  HowelF«  (1905)  writes:  "There 

^^Langley:    Hid.,  vol.  vi,  p.  87,  1885. 

Howell:    "T.  B.  of  Physiol.,"  p.  545,  1905. 
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has  been  much  discussion  in  physiology  as  to  the  nature  of  the 
action  of  the  dilator  fibers.  The  muscular  coat  of  the  small 
arteries  runs  transversely  to  the  length  of  the  vessel,  and  it 
is  plain  that  when  stimulated  to  greater  contraction  through 
the  constrictor  fibers  it  must  cause  a  narrowing  of  the  artery. 
It  is  not  so  evident  how  the  nerve  impulses  carried  by  the  dila- 
tor fibers  bring  about  a  widening  of  the  artery.  At  one  time 
peripheral  sympathetic  ganglia  in  the  neighborhood  of  the 
arteries  were  used  to  aid  in  the  explanation,  but,  since  histo- 
logical evidence  of  the  existence  of  such  ganglia  is  lacking,  the 
view  that  seems  to  meet  with  most  favor  at  present  is  as  fol- 
lows: the  dilator  fibers  end  presumably  in  the  muscle  of  the 
walls  of  the  arteries,  and  when  stimulated  their  impulses  inhibit 
the  tonic  contraction  of  this  musculature  and  thus  indirectly 
bring  about  a  relaxation.  Dilatation  caused  by  a  vasodilator 
nerve  fiber  always  presupposes  therefore  a  previous  condition 
of  tonic  contraction  in  the  walls  of  the  artery,  this  tonic  condi- 
tion being  produced  either  by  the  action  of  vasoconstrictor 
fibers,  or  possibly  by  the  intrinsic  properties  of  the  muscle 
itself." 

I  conclude,  therefore,  that  (1)  vasodilation  is  due,  in  the 
case  of  arteries  and  veins,  to  the  diminution  of  blood-plasma  and, 
therefore,  of  adrenoxidase,  in  the  muscular  layer  of  these  ves- 
sels; (2)  the  blood-plasma  being  supplied  to  the  vascular  walls 
by  the  vasa  vasorum,  it  is  through  contraction  of  these  nutrient 
vessels  that  dilation  of  the  vessels  is  caused;  (3)  the  vasa 
vasorum  receiving  their  blood-plasma  from  larger  arterial  ves- 
sels supplied  with  vasoconstrictor  nerves,  it  is  through  vasocon- 
striction of  these  vessels  that  the  volume  of  blood  circulating 
through  the  vasa  vasorum  is  diminished ;  (4)  it  is  therefore  by 
vasoconstrictor  action  that  vasodilation  is  produced,  "vasodilator 
nerves"  having  no  existence  in  fact;  (5)  vasodilation  being 
caused  by  constriction  of  the  nutrient  arteries  of  a  vessel,  the 
vasomotor  nerves  supplied  to  these  nutrient  vessels  should  not 
be  termed  "vasodilators"  but  "stricto-dilators." 

As  Stewart^^  states,  the  fact  that  "an  organ  in  action  in  gen- 
eral receives  more  blood  than  the  same  organ  in  repose"  is  "a 
physiological  law  of  wide  application."    In  the  light  of  the  evi- 


Stewart:   "Maaual  of  Physiol.,"  fourth  edition,  p.  335,  1900. 
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dence  adduced,  this  constitutes  the  cardinal  feature  of  all  func- 
tional processes  since  it  is  to  the  presence  of  adrenoxidase  in 
increased  quantities  that  any  exacerbation  of  activity,  whether 
it  be  contraction  or  secretion,  is  due.  It  is  apparent,  therefore, 
that  this  mecJianism  of  vasodilation  is  that  through  which  all 
exacerbations  of  activity  in  any  organ,  whether  belonging  to  the 
alimentary,  circulatory,  locomotor,  visual,  auditory,  or  any  other 
system,  is  incited  and  sustained. 

The  influence  of  this  mechanism  will  become  evident  under 
the  next  heading. 

THE  POSTERIOR  PITUITARY  THE  SEAT  OF  A  CENTER  (THE 
ADRENO-THYROID  CENTER)  THROUGH  WHICH  THE 
TEST-ORGAN  INFLUENCES  THE  SECRETORY 
ACTIVITY  OF  THE  ADRENALS  AND 
THYROID  APPARATUS. 

Leonard  Hill,^^  in  a  review  of  our  knowledge  upon  the 
mechanism  of  the  circulation,  writes:  "In  the  rabbit,  from 
the  junction  of  the  vagus  and  superior  laryngeal  nerves,  there 
arises  by  two  roots  a  fine  nerve,  which  courses  down  the  neck. 
On  excitation  of  the  central  end  of  this  nerve,  Ludwig  and 
Cyon  witnessed  a  surprising  fall  of  arterial  pressure,  accom- 
panied by  a  slight  decrease  in  cardiac  frequency.  The  peri- 
pheral end  failed  to  give  any  response  to  stimulation.  Thus 
the  purely  afferent  nature  of  the  nerve  was  established." 

 "This  nerve  was  named,  by  Ludwig  and  Cyon  [in 

1866],  the  depressor,  for  it  possessed  the  power  of  depressing 
the  arterial  tension  by  30  to  50  per  cent.  Ludwig  and  Cyon 
observed  that,  on  stimulating  the  depressor,  the  kidney  flushed 
red  with  blood,  while  the  fall  of  arterial  tension  became  insig- 
nificant after  section  of  the  splanchnic  nerves."  "T.n 

different  mammals,  many  variations  are  to  be  marked  in  the 
course  of  this  nerve,  but  fibers  with  a  depressor  function  are 

to  be  found."  "In  man  the  homologous  nerve  arises 

from  the  vagus  from  the  junction  of  the  vagus  and  superior 
laryngeal  nerves,  but  quickly  joins  again  the  main  trunk  of  the 

vagus."  "Almost  all  parts  of  the  vascular  system  can 

be  thrown  into  dilatation  by  the  depressor  nerve." 


Leonard  HiU:   Scbafer's  "T.  B.  of  Physiol.,"  vol.  li,  p.  59,  1900. 
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The  manner  in  which  this  effect  is  produced  is  still 
obscure:  "The  question  is  one  not  definitely  settled,"  accord- 
ing to  Hill,  "and  no  conclusion  as  to  the  exact  method  of  action 
of  this  nerve  can  be  drawn/'  That  it  is  not  due  to  excitation 
of  what  he  terms  a  "hypothetical  vasodilator  center"  is  sug- 
gested by  tlie  fact  that  vasodilator  nerves  "are  easily  exhausted 
by  artificial  stimulation,"  while  the  depressor  is  "inexhaus- 
tible." Cyon  himself  denies  any  relationship  with  such  a  cen- 
ter. As  I  have  pointed  out,  moreover,  the  latter  is  not  required 
to  explain  vasodilator  phenomena.  In  fact,  the  spinal  system 
cannot  transmit  the  vasodilator  impulses  reflexly,  since,  as 
stated  by  Hill,  after  "dividing  the  spinal  cord  in  the  dorsal 
region,  excitation  of  the  depressor  still  causes  a  fall  of  arterial 
pressure."  This  obviously  eliminates  the  vasomotor  center 
also.  Indeed,  Porter  and  Beyer,^"  in  an  experimental  study 
of  this  feature  of  the  problem,  state  that  they  found  "no  evi- 
dence to  warrant  the  opinion  that  the  depressor  nerves  have 
special  connections  with  the  cells  in  the  vasomotor  center  asso- 
ciated with  the  splanchnic  fibers."  Now,  since  as  stated  by 
Hill,  "the  splanchnic  area  is  by  far  the  most  important  seat 
of  dilatation  provoked  by  the  depressor  nerves,"  it  is  evident 
tliat  the  vasomotor  center  has  nothing  to  do  with  the  process. 
This  leaves  the  latter  totally  unexplained. 

This  result  is  not  surprising,  in  view  of  the  fact  that  the 
functions  of  the  pituitary  body  and  of  the  thyroid  gland,  as 
I  have  interpreted  them,  alone  make  it  possible  to  understand 
the  process  through  which  the  depressor  produces  vasodilation. 
A  comprehensive  study  of  the  question,  which  can  only  be 
represented  here  by  a  few  salient  facts,  has  led  me  to  conclude 
that  the  depressor  nerve  produced  this  phenomenon  by  inhibiting 
the  functions  of  the  thyroid  gland  and  pituitary  body,  and 
through  the  latter  that  of  the  adrenals. 

Laulanie'**  states  that  the  pituitary  hody  "is  in  relation 
with  the  sympathetic,  the  vagus,  and  the  depressor  nerve" — a 
fact  established  by  Cyon's  experiments.  That  fibers  of  the 
cervical  sympathetic  are  distributed  to  the  pituitary  body 
through  the  carotid  plexus  is  well  known.  We  have  seen, 
moreover,  that  disorders  of  the  anterior  pituitary  accompanied 

^  Porter  and  Beyer:    Amer.  Jour,  of  Physiol.,  vol.  iii,  p.  23,  1900. 
Laulanie:    "Elements  de  Physlologie,"  second  edition,  p.  488,  1305. 
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by  local  congestion  give  rise  to  glycosuria.^^  Now  Cyon  and 
Aladoff^-  found  that  lesions  or  removal  of  the  upper  thoracic 
or  inferior  cervical  ganglia,  or  division  of  the  loop  of  Vieussens, 
caused  diabetes.  All  these  contain  sympathetic  fibers  which 
ascend  to  the  superior  cervical  ganglion.  Pavy^^  also  states 
that  "of  all  the  operations  on  the  sympathetic  of  the  dog  that 
have  as  yet  been  performed,  removal  of  the  superior  cervical 
ganglion  the  most  rapidly  and  strongly  produces  diabetes." 
As  the  fibers  of  the  upper  portion  of  the  sympathetic  other 
than  those  distributed  to  the  pituitary  supply  various  struc- 
tures of  the  eye,  those  to  the  pituitary  can  alone  explain  this 
phenomenon.  The  manner  in  which  this  procedure  causes 
diabetes  is  plain  under  these  conditions:  the  sympathetic 
terminals  to  the  pituitary  being,  as  elsewhere,  vasomotor, 
division  of  the  nerve  causes  passive  dilation  of  the  vessels  dis- 
tributed to  this  organ,  and  the  resulting  congestion  of  the 
anterior  lobe  (by  far  the  larger  of  the  two,  and  the  seat  of  the 
test-organ)  gives  rise  to  glycosuria  by  stimulating  the  adrenals. 
As  previously  stated,  Blum,  Croftan,  Herter  and  others  found 
that  adrenal  extract,  adrenalin,  etc.,  caused  glycosuria. 

Judging  from  the  fact  that  vasodilation  thus  produced 
elsewhere  in  the  body  is  temporary,  however,  the  glycosuria 
should  likewise  be  ephemeral:  Pavy  especially  mentions  the 
"temporary  nature"  of  the  marked  diabetes  following  the 
experimental  operation.  On  the  other  hand,  if  division  of  a 
nerve  causes  vasodilation,  it  is  obvious  that  stimulation  of  the 
upper  segment  of  that  nerve  should  cause  vasoconstriction. 
This  is  the  role  played  by  the  depressor:  forming  part,  as  it 
does,  of  the  cervical  sympathetic,  it  was  the  nerve  which,  when 
cut  by  Pavy,  caused  vasodilation  in  the  anterior  pituitary  and 
glycosuria,  and  which,  conversely,  causes  vasoconstriction  in 
this  organ  when  its  central  or  upper  end  is  stimulated.  The 
same  effect  is  produced  when  the  impulses  (the  nerve  being, 
we  have  seen,  entirely  afferent)  originate  in  the  heart;  the 
functional  activity  of  the  adrenal  center  being  lowered  by  the 
contraction  of  its  vessels,  that  of  the  adrenals  is  restrained  in 


^  Cf.  this  vol.,  p.  1021. 

^-  Cyon  and  Aladoff:  BuU.  de  I'Acad.  des  sci.  de  St.  Petersburg,  vol.  vii, 
1871. 

33  Pavy:   Proceedings  Royal  Soc.  of  London,  vol.  x,  p.  27,  1859. 
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proportion  and,  less  adrenal  secretion  being  secreted  into  the 
blood,  the  vessels  of  the  body  at  large  dilate. 

Under  these  conditions,  division  of  the  cervical  sympa- 
thetic, by  causing  congestion  of  the  anterior  pituitary,  and, 
therefore,  stimulation  of  the  adrenals,  should  antagonize 
(through  the  rise  of  vascular  tension  and  blood-pressure  caused 
by  the  secretion  of  the  latter  organs)  the  depressor  action: 
HHP*  states,  referring  to  the  lowered  pressure  caused  by  the 
vasodilation  of  depressor  origin:  "This  fall  is  abolished 
by  section  of  the  cervical  sympathetic  nerves."  Again,  as  the 
end-result  is  due  to  inhibition  of  the  adrenals  and  diminution 
of  their  secretory  activity,  other  means  capable  of  interfering 
with  their  functions  should  also  reduce  the  vascular  tension 
and  the  blood-pressure — the  results  of  vasodilation.  Oliver 
and  Schaf  er  have  shown,  as  is  well  known,  that  adrenal  extracts 
cause  a  marked  rise  of  the  blood-pressure.  Strehl  and  Weiss,^^ 
on  the  other  hand,  found  that  clamping  of  the  adrenal  veins 
caused  it  to  decline,  and  moreover,  that  on  releasing  the  vessels 
the  pressure  would  return  to  the  normal. 

The  depressor  nerve  does  not  supply  vasoconstrictor  fibers 
to  the  pituitary  body  alone,  however.  Cyon''*'  has  recently 
studied  the  action  of  this  nerve  upon  the  vessels  of  the  thyroid 
gland  and  found  it  very  marked.  He  noticed,  moreover,  that 
it  influenced  correspondingly  the  abdominal  and  peripheral 
vessels.  The  nerves  were  found  to  be  distributed  to  the 
arteries  and  were  of  two  kinds,  vasoconstrictor  and  vasodilator, 
and  to  reach  them  either  by  way  of  the  superior  laryngeals  or 
through  the  plexus  often  formed  by  the  depressor  with  the 
sympathetic  and  vagal  nerves. 

What  are  the  functions  of  these  vasoconstrictor  and  vaso- 
dilator nerves? 

As  to  the  vasoconstrictor  branches,  E.  CyooQ,^^  in  a  re- 
view of  his  experimental  work  upon  the  innervation  of  the 
thyroid,  states  that  its  "vasoconstrictors  are  sympathetic  fibers." 
He  found,  moreover,  that  the  depressor  sent  a  branch  to  this 
organ,  and  that  "the  heart  had  a  powerful  regulator  influence" 
on  the  quantity  of  blood  circulating  through  it.    On  the  other 

3*  Hill.    Loc.  cii..  p.  162. 

^  Strehl  and  Weiss:    Pfliiger's  Archiv,  Bd.  Ixxxvi,  S.  107,  1901. 
suCyon:    Archiv  f.  d.  gesam.  Physiol.,  Bd.  Ixx,  S.  126,  280,  1898. 
3' E.  Cyon:    Arch,  de  Physiol.,  T.  x,  p.  618,  1898. 
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hand,  a  clinician,  Murray,^**  observed  that  "the  effect  of  pro- 
longed administration  of  thyroid  upon  the  healthy  gland  is  to 
cause  a  condition  of  pallor,  some  diminution  in  weight,  slight 
diminution  in  size  of  the  gland,  but  without  any  microscopic 
evidences  of  atrophic  changes."  Here  we  have  precisely  the 
condition  produced  by  a  similar  process  on  the  pituitary. 
When  constricted  the  arteries  allow  less  blood — and,  therefore, 
fewer  blood-cells — to  enter  the  organ,  and  its  functional  activ- 
ity is  reduced.  In  other  words,  through  the  constrictor  branches 
it  sends  to  the  pituitary  body  and  to  the  thyroid,  it  reduces 
simultaneously  the  functions  of  both  organs. 

The  fact  that  the  depressor  nerve  causes  vasoconstriction 
accounts  for  the  heretofore  paradoxical  observation  that,  as 
stated  by  Hill,  depressor  effects  cannot  be  obtained  after  the 
injection  of  strychnine — in  toxic  doses,  I  would  add.  These,  by 
causing  general  vasoconstriction,  affect  in  a  similar  way  the 
thyroid  and  the  pituitary  body.  The  depressor  producing 
likewise  vasoconstriction,  its  effects  are  forestalled.  Indeed, 
Oliver  and  Schafer**  found  that  depressor  effects  cannot  be 
obtained  "while  the  arteries  are  contracted  by  intravenous 
injection  of  suprarenal  extract." 

These  various  facts  have  served  to  bring  out  an  important 
practical  feature,  concerning  the  avowed  purpose  of  the  depres- 
sor in  the  organism :  Can  we  conclude  with  Cyon  that,  as  he 
says,  this  nerve  enables  the  heart  "to  control  the  resistance 
which  opposes  its  evacuation,"  or,  in  other  words,  to  provoke 
vasodilation,  when  excessive  general  vasoconstriction  causes 
the  blood-column  to  resist  unduly  the  heart's  contractions  ?  If 
such  were  the  case,  why  does  not  stimulation  of  the  central  end 
of  this  nerve  overcome  the  general  vasoconstriction  produced  by 
strychnine  and  adrenal  extract?  It  is  evident  that  this  can- 
not be  the  main  function  of  the  depressor,  for,  as  is  well  known, 
the  vascular  pressure  is  raised  dangerously  by  various  poisons, 
especially  during  spasm,  and  there  is  no  evidence  that  the 
depressor  fulfills  the  role  ascribed  to  it  by  Cyon.  Its  true 
role  is  of  another  kind. 

This  introduces  the  function  of  the  vasodilator  fibers 
which  the  depressor  supplies  to  the  thyroid. 

»8  Murray:    Lancet,  Mar.  18,  1899. 

''Oliver  and  Schafer:   Jour,  of  Physiol.,  vol.  xviii,  p.  230,  1895. 
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In  the  light  of  the  conclusions  submitted  under  the  pre- 
ceding heading,  the  vasodilation  observed  by  Claude  Bernard 
in  the  maxillary  gland  indicates  increased  functional  activity, 
and  that  this  applies  to  all  other  organs.  As  I  have  shown, 
moreover,  that  leucocytes  virtually  carry  on  the  functions  of 
the  thyroid,  this  vasodilation  involves  the  presence  of  a  larger 
number  of  leucocytes  in  this  gland,  and  therefore,  hyperac- 
tivity of  the  organ.  As  this  is  manifested  by  increased  secre- 
tory activity,  an  excess  of  thyroidase  should  be  produced.  Now- 
various  clinicians,  Roger  and  Garnier,*"  Odoacre  Torri,*^  Vin- 
cent*^ and  others,  have  observed  that  in  various  diseases,  includ- 
ing the  infections,  the  thyroid  was  not  only  overactive,  but  that 
it  produced  an  excess  of  colloid,  its  secretion.  In  view  of  the 
facts  (1)  that  the  posterior  pituitary  incites  functional  activity 
in  organs  belonging  to  the  field  of  the  vagus;  (2)  that  toxic 
wastes,  certain  toxins  and  poisons  stimulate  the  test-organ; 
and  (3)  that  the  depressor  nerve  also  sends  fibers  to  the 
pituitary  body,  as  shown  by  Cyon,  the  manner  in  which  this 
is  brought  about  suggests  itself,  viz. :  the  pathogenic  elements 
of  the  diseases  referred  to,  which  include  exanthemata,  tuber- 
culosis, typhoid  fever,  etc.,  stimulated  the  adrenal  center  as 
usual,  and,  therefore,  the  adrenals;  but,  in  addition  to  this, 
and  through  the  depressor  vasodilator  fibers  to  the  thyroid,  the 
secretory  activity  of  this  organ. 

This  affords  a  complete  mechanism  for  automatic  defence: 
The  excess  of  thyroidase  to  sensitize  and  soften  (as  agglutinin) 
the  bacteria  and  other  pathogenic  elements,  and  thus  prepare 
them  for  destruction;  the  excess  of  adrenoxidase  to  increase 
the  functional  activity  of  the  pancreas  and  leucocytogenic 
organs,  and  to  charge  the  blood  with  trypsin,  nucleoproteid 
granules,  and  aggressive  phagocytes.  All  these  substances, 
adrenoxidase,  trypsin,  nucleo-proteid  and  phagocytes,  then  unite 
to  destroy  the  pathogenic  agent,  previously  prepared  by  the 
thyroidase  to  insure  its  dissolution. 

A  cardinal  feature  of  the  whole  defensive  mechanism 
asserts  itself  in  this  connection:  The  vasodilator  fibers  of  the 

Roger  and  Garnler:   Presse  in6d.,  vol.  vi,  p.  181,  1899. 
*i  Odoacre  Torri:    Policlinico,  vol.  vii,  pp.  145,  226,  280,  1900. 
*^  Vincent:   Bull,  et  mem.  de  la  Soc.  med.  de  hopitaux  de  Paris,  3e.  s6rie, 
23annee,  p.  598,  1906. 
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thyroid  (some  of  which  also  supply  the  parathyroids)  jointly 
constitute  the  thyro-parathyroid  secretory  nerve,  just  as  the 
vasodilator  nerves  supplied  to  the  adrenals  constitute  the  adrenal 
secretory  nerve.  Inasmuch  as  both  the  thyro-parathyroid  and 
adrenal  secretions  form  part  of  the  blood's  bacteriolytic  and 
antitoxic  substance,  it  is  evident  that  both  must,  in  order  to 
insure  the  full  efficiency  of  the  latter,  be  secreted  simultane- 
ously in  appropriate  proportions.  It  follows  that  this  function 
must  be  governed  by  a  single  center,  the  adreno-thyroid  center. 

Again,  inasmuch  as  it  is  through  the  test-organ  that  all 
agents  which  increase  the  functional  activity  of  the  adrenals  and 
through  them  the  defensive  properties  of  the  blood  and  its  cells, 
enhance  oxygenation  and  function  throughout  the  entire  organ- 
ism, it  follows  that  it  must  also  be  through  this  organ  that  the 
functional  activity  of  the  thyroid  and  parathyroids  is  increased. 
Whereas,  however,  the  test-organ  is  a  sensitive  structure,  pre- 
cisely as  the  olfactory  area  of  the  nasal  cavities  is  a  sensitive 
structure  (of  which,  in  fact,  it  is,  as  we  have  seen,  the  homo- 
logue),  its  impulses  are  sensory  and  afferent,  and  as  such,  there- 
fore, incapable  of  inciting  or  augmenting  function  directly,  it 
is  evident  that,  as  is  the  case  throughout  the  entire  nervous  sys- 
tem, they  must  first  of  all  be  converted  into  motor  stimuli.  In 
view  of  the  evidence,  histological,  clinical,  physiological  and  ana- 
tomical, submitted,  the  posterior  or  neural  lobe  of  the  pituitary 
not  only  receives  fibers  from  the  test-organ,  but  it  also  pro- 
jects nerve-chains  to  the  base  of  the  brain,  which  ultimately 
end  in  the  adrenals  and  in  the  thyroid  apparatus.  It  is  in  the 
posterior  lobe  of  the  pituitary,  therefore,  that  the  adreno- 
thyroid  center  is  located,  and  when  drugs,  poisons,  catabolic 
wastes,  etc.,  awaken  a  protective  reaction  of  the  test-organ,  it  is 
through  this  center  that  the  secretory  activity  of  the  adrenals 
and  thyroid  gland  and  glandules  is  activated. 

On  the  whole,  all  the  evidence  submitted  in  the  foregoing 
pages,  supplemented  by  that  embodied  in  the  preceding  chap- 
ters, tends  to  show:  (1)  that  the  test-organ  governs  the  secre- 
tory activity  of  the  adrenals  and  of  the  thyroid  and  parathy- 
roids through  the  intermediary  of  a  center  located  in  the  pos- 
terior pituitary  body,  the  adreno-thyroid  center;  (2)  that  ivhen 
drugs,  poisons,  toxins,  waste-products,  etc.,  provoke  a  defensive 
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reaction  of  the  test-organ,  it  is  by  exciting  simultaneously  the 
adrenals  and  the  thyroid  apparatus,  through  the  adreno-thyroid 
center,  that  it  (the  test-organ)  increases  the  proportion  of 
adrenoxidase  and  thyroidase  in  the  blood;  (3)  as  adrenoxidase, 
by  hastening  metabolism,  provokes  leucocytosis  (including  an 
increase  of  phagocytes)  and  an  increase  of  nucleo-proteid  and 
trypsin.,  and  combines  with  these  bodies  to  form  the  bacteriolytic 
and  antitoxic  constituents  of  the  blood  and  of  its  phagocytes, 
while  (4)  thyroidase  sensitizes  (as  opsonin)  the  pathogenic 
germs  and  substances  to  render  them  vulnerable  to  these  defen- 
sive constitutents,  it  follows:  (5)  that  the  adreno-thyroid  cen- 
ter, under  the  dependence  of  the  test-organ,  is  the  center  through 
which  all  the  body's  auto-immunizing  functions  are  governed* 

Hereafter,  to  avoid  confusion,  however,  I  will  refer  to  this 
center  as  the  "adrenal  center"  in  most  instances  since  the  only 
clearly  defined  phenomena  are  those  directly  ascribable  to  bodies 
formed  through  the  agency  of  the  adrenals.  It  will  be  under- 
stood, thereby,  that  the  "adreno-thyroid"  center  is  meant  and 
that  the  thyroid  apparatus  is  always  stimulated  simultaneously. 

The  participation  of  the  depressor  nerve  in  this  mechanism 
is  shown  conclusively  from  another  direction : — Cyon*^  ob- 
served another  important  fact,  viz.,  that  when  he  injected 
iodothyrin — a  thyroid  extractive — the  excitability  of  the  de- 
pressor became  intense  and  the  vascular  pressure  declined 
often  to  two-thirds  of  the  normal.  In  one  instance,  in  fact, 
the  animal  died  suddenly.  Cyon  ascribes  death  in  such  in- 
stances to  paralysis  of  the  vasoconstrictors.  From  my  view- 
point, it  is  due  to  quite  another  and  opposite  cause — that  pre- 
viously referred  to  as  of  exceeding  practical  importance:  ex- 
cessive constriction  of  the  vessels  of  the  pituitary  and  thyroid, 
and,  as  a  result,  arrest  of  the  vital  functions  owing  to  deficient 
supply  of  adrenoxidase  and  thyroidase.  The  general  vasodila- 
tion produced  is  but  a  secondary  or  epiphenomenon  under  these 
conditions.  As  to  the  process  through  which  iodothyrin  evokes 
these  phenomena,  Cyon  ascribes  it  to  the  fact  that  it  increases 

♦Investigators  refer  to  the  thyroid  gland  as  an  organ  capable  of  "govern- 
ing" certain  functions  or  morbid  processes.  The  above  facts  show  that  the 
thyroid  governs  nothing;  it  is  only  a  secreting  gland,  governed  as  are  all 
other  glands,  by  a  nerve-center — the  adreno-thyroid  center,  from  my  view- 
point— to  which  its  fluctuations  of  activity  and  some  of  its  diseases — exophthal- 
mic goiter,  for  example — should  be  ascribed. 

"  Cyon:   Loc.  cit. 
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the  excitability  of  the  nerve.  This  harmonizes  perfectly  with 
my  own  view,  since,  as  I  have  pointed  out,  the  function  of 
thyroidase  is  to  sensitize  all  cells,  to  endow  them,  in  other 
words,  with  irritability.  Thyroidase  sensitizes  the  nerve 
directly,  therefore,  by  circulating  with  adrenoxidase,  its 
ubiquitous  companion,  in  the  neurons  composing  it. 

In  accord  with  the  evidence  submitted,  the  vasoconstrictor 
effects  produced  by  various  drugs,  even  when  administered  in 
toxic  doses  (as  will  be  shown  farther  on),  are  in  no  case  coun- 
teracted by  the  depressor  nerve;  it  is  evident,  therefore,  that 
(1)  it  is  not  the  function  of  the  depressor  nerve,  as  now  be- 
lieved, to  cause  general  vasodilation  when  excessive  general  vaso- 
constriction causes  the  blood  column  to  offer  undue  resistance 
to  the  heart's  contractions;  (2)  in  practice  the  vasodilation 
witnessed  when  the  central  end  of  this  nerve  is  stimulatdd 
experimentally ,  occurs  only  when  excessive  doses  of  thyroid 
extract  are  administered,  because  it  adds  to  the  blood  what  thy- 
roidase it  contains;  (3)  the  excitability  of  the  depressor  nerve 
being  increased  artificially  by  this  excess  of  thyroidase,  it  in- 
hibits the  functions  of  the  pituitary  and  thyroid  and  by  thus 
reducing  the  proportion  of  adrenoxidase  (and  thyroidase)  in 
the  blood  reduces  the  vascular  tension  sufficiently,  when  toxic 
doses  of  thyroid  extract  are  administered,  to  cause  death. 

I  must  lay  stress  on  the  fact  that  this  does  not  mean  that 
the  depressor  nerve  cannot  produce  vasodilation :  It  means  only 
that  general  vasoconstriction,  however  marked,  cannot  itself 
provoke  general  vasodilation  through  the  intermediary  of  this 
nerve.  Inasmuch  as  it  can  inhibit  the  functions  of  the  thyroid 
gland  and  anterior  pituitary  by  constricting  their  arteries,  it 
is  able  to  reduce  general  oxygenation  and  metabolism  through- 
out the  entire  body,  including  the  muscularis  of  all  vessels,  thus 
causing  them  to  relax,  i.e.,  to  dilate.  As  I  will  show  in  the 
twentieth  chapter,  sleep  is  produced  through  the  depressor  nerve 
by  a  corresponding  mechanism.  Hence  the  fact  that  when 
stimulated  experimentally,  this  nerve  produces  vasodilation.  In 
other  words,  the  nerves  which  have  been  Jcnown  as  the  "depressor 
nerves"  are  those  through  which  the  adreno-ihyroid  center  regu- 
lates the  circulation  of  the  anterior  pituitary  body  and  of  the 
thyroid  apparatus. 
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DEUGS  WHICH  ENHANCE  THE  DEFENSIVE  PROPERTIES  OF 
THE  BLOOD  BY  PROMOTING  THE  FORMATION 
OF  AUTO- ANTITOXIN. 

In  his  review  of  the  subject  of  Active  Immunity,  Lazarus- 
Barlow,**  after  referring  to  Pasteur's,  HafEkin's  and  Wright's 
application  of  the  principle  of  inoculation  in  various  diseases, 
writes  as  follows:  "Immunity  may  be  conferred  by  repeated 
inoculation  with  small  doses  of  virulent  microorganisms.  In 
this  method  it  is  obvious  that  a  direct  attempt  is  made  to  copy 
nature.  The  dose  inoculated  must,  of  course,  be  less  than  the 
minimal  lethal  dose.  When  the  animal  has  recovered,  it  is 
found  to  possess  a  certain  degree  of  immunity,  and  one  is  able, 
by  gradually  raising  the  dose  of  virus  injected  in  successive 
inoculations  of  the  same  animal,  to  raise  the  degree  of 
immunity,  which  it  possesses.  Ultimately  the  animal  may  with- 
stand with  ease  a  dose  equal  to  many  times  the  dose  which 
would  at  first  have  been  fatal. 

"The  most  important  method  we  possess  for  obtaining 
acquired  immunity  is  that  introduced  by  Salmon  and  Smith  in 
America.  These  investigators  found  that,  if  the  sterilized 
products  of  the  bacillus  of  hog-cholera  be  injected  into  pigeons, 
the  "birds  became  resistant  to  subsequent  inoculations  with  the 
bacillus  itself.    This  method  is  of  vast  importance,  both  from 

a  practical  and  from  a  theoretical  point  of  view  

Numerous  examples  of  immunity  acquired  in  this  manner  are 
known,  but  the  most  striking  are  perhaps  those  obtained  in 
the  cases  of  B.  tetani,  B.  diphtheria;,  and  B.  pijocyaneus. 

"Just  as,  when  conferring  immunity  by  doses  of  virulent 
microorganisms,  it  is  necessary  to  commence  with  doses  far 
below  the  lethal  dose,  and  to  gradually  increase  the  amount 
inoculated,  so  in  this  method  of  'immunization  by  chemical 
products'  it  is  necessary  to  begin  with  very  small  doses  of  the 
toxin  and  to  gradually  increase  the  dose  as  immunity  is  being 
acquired.  If  this  process  be  carried  out  with  care,  an  animal 
may  in  time  acquire  so  great  a  degree  of  immunity  that  it  will 
withstand  an  injection  of  many  hundred  times  the  dose  of 
poison  that  would  have,  at  first,  killed  it  with  certainty.  This 


Lazarus-Barlow:    "Manual  ot  Gen.  and  Exp.  Pathol.,"  p.  343,  1904. 
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method  is  adopted  (in  some  cases  in  conjunction  with  inocula- 
tion of  cultures  of  living  ajid  virulent  bacilli)  in  the  prepara- 
tion of  antidiphtheritic  serum  from  horses.  There  is  a  limit, 
apparently,  for  each  animal,  beyond  which  an  acquired 
immunity  of  this  kind  cannot  be  pushed. 

"It  has  been  found  that  an  immunity  may  be  acquired 
after  feeding  an  animal  with  toxin.  Little  is  known  with 
reference  to  this  method,  but  it  is  of  great  interest  in  connec- 
tion with  the  beneficial  results  obtained  in  myxcedema  by  feed- 
ing with  thyroids  of  the  sheep." 

It  is  my  purpose  to  show  in  the  following  pages  that,  inter- 
preted in  the  light  of  my  views,  several  of  our  remedies,  par- 
ticularly some  of  those  now  characterized  as  "alteratives," 
behave  as  do  toxins  when  introduced  into  the  organism,  in  the 
sense  that  they  confer  upon  the  patient  the  power  to  resist 
infection.  This,  from  my  standpoint,  is  due,  as  previously 
shown,  to  a  compound  (adrenoxidase,  nucleo-proteid  and  a 
zymogen),  which,  whether  as  trypsin,  steapsin,  amylopsin,  etc. 
(according  to  the  zymogen  it  contains)  submits  proteids,  fats, 
glycogen,  starches,  etc.,  and  bacteria  and  their  toxins  as  well,  to 
a  process  of  digestion — a  process  which,  according  to  the  pres- 
ent teachings  of  physiological  chemists,  is  one  of  hydrolytic 
cleavage. 

Again,  referring  to  "passive  immunity,"  Lazarus-Barlow 
writes:  "It  was  found  by  many  observers,  among  whom 
Behring  stands  preeminent,  that  when  an  animal  has,  by  any 
of  the  methods  described  above,  been  immunized  against  a 
given  infective  agent,  the  blood-serum  of  that  animal,  if 
inoculated  into  other  animals,  can  confer  upon  them  also  an 
immunity  against  the  same  infective  agent."  The  truth  of 
this  law  he  regards  as  "now  firmly  established.  It  has  been 
demonstrated,"  he  adds,  "in  the  cases  of  rabies,  of  tetanus,  of 
diphtheria,  of  pneumonia,  and  of  other  diseases.  Ehrlich 
extended  the  range  over  which  this  law  holds  good  by  showing 
that  animals  may  be  actively  immunized  against  ricin  (the 
active  principle  of  castor-oil  beans)  and  abrin  (the  active  prin- 
ciple of  jequirity  seeds),  and  that  the  blood-serum  of  such 
immune  animals  is  able  to  confer  passive  immunity  against 
ricin  and  abrin  respectively  in  other  animals.    And  Calmette, 
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whose  work  has  been  confirmed  by  Fraser,  has  shown  that  the 
same  holds  good  with  reference  to  animals  immunized  by  suc- 
cessive doses  against  snake-venom."  This  refers,  of  course,  to 
the  various  antitoxins,  of  which  diphtheria  antitoxin  is  the 
best  known. 

In  the  first  volume  I  assimilated  these  antitoxins  to  the 
bacteriolytic  and  antitoxic  constituents  of  the  blood,  whose 
origin  I  have  traced  in  the  foregoing  chapters  to  the  adrenals, 
the  pancreas,  the  leucocytes  and  the  thyroid  apparatus.  I 
have  no  ground  to  modify  my  opinion  as  shown  in  the  last  sec- 
tion of  the  present  chapter.  When,  therefore,  the  serum  of 
an  immunized  animal  is  injected  into  another  animal,  what  is 
(from  my  standpoint)  injected  is  merely  a  certain  quantity  of 
the  bacteriolytic  and  antitoxic  triad  which  had  been  caused  to 
accumulate  in  the  first  animal's  blood  by  inoculations.  In 
other  words,  diphtheria  antitoxin  and  other  antitoxins  are 
antitoxic  triads,  derived  from  the  adrenals,  pancreas,  leu- 
cocytes and  thyroid  apparatus,  and  which  when  injected 
into  the  blood  during  infectious  diseases,  increase  its  bacterio- 
lytic and  antitoxic  properties  according  to  the  quantity 
injected. 

Interpreted  in  this  manner,  the  first  principle,  that  of 
introducing  toxins  into  the  blood  to  evoke  immunizing  prin- 
ciples, is  the  foundation  of  the  entire  defensive  process — the 
militant  weapon  of  which  is  the  antitoxin.  Now,  this  is  pre- 
cisely what,  in  the  light  of  my  views,  some  of  our  familiar 
remedies  are  able  to  do.  In  other  words,  certain  alteratives  can 
cause  the  blood  to  become  bacteriolytic  and  antitoxic  by  pro- 
voking the  formation  and  accumulation  therein  of  more  or  less 
antitoxin. 

To  distinguish  this  antitoxin — produced  by  the  organism 
itself  under  the  influence  of  certain  toxins  and  drugs — from 
antitoxins  introduced  into  the  body  from  without,  I  will  refer 
to  it  hereafter  as  auto-antitoxin. 

The  examples  submitted  in  this  chapter  of  agents  capable 
of  provoking  the  formation  of  this  substance  are  thyroid 
extract,  mercury,  iodine  and  its  salts,  and  adrenal  extractives. 
If  all  acted  similarly,  one  would  suflice  as  an  example  of  at 
least  a  group,  but  (and  it  must  be  admitted  that  we  are  far 
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from  such  a  fund  of  knowledge  concerning  the  efEects  of 
individual  toxins)  each  drug  shows  specific  properties  especially 
in  the  toxic  phenomena  they  produce,  which,  as  I  will  show, 
can  be  accounted  for.  In  thyroid  extract,  for  instance,  we  have 
an  example  of  a  drug  capable  of  raising  the  blood's  asset  in 
auto-antitoxin,  since  it  enhances  markedly  general  metabolism. 
At  a  given  time,  however,  the  arteries  begin  to  dilate  and  keep 
on  doing  so.  The  reason  for  this  is  plain:  thyroidase  acting 
directly,  as  shown  by  Cyon,  on  the  depressor  nerve,  it  causes 
general  vasodilation  by  constricting  the  arterioles  of  the 
pituitary  body,  reducing  thereby  general  metabolism  in  the 
vascular  walls.  Mercury  presents  another  phase.  Though 
likewise  able  powerfully  to  raise  the  activity  of  metabolism  and 
the  blood's  supply  in  auto-antitoxin,  it  fails  to  provoke  the  for- 
mation of  sufficient  thyroidase  to  cause  the  depressor  to  con- 
trol the  pituitary  body — the  proportion  of  thyroidase  added  to 
the  blood  even  by  toxins  being  always  very  small.  So  marked  is 
the  stimulating  action  on  the  test-organ  and  adrenal  center,  that 
metabolism  is  increased  to  unsafe  limits  and  excessive  salivation, 
tissue  destruction  occurs,  simply  because  the  auto-defensive  pro- 
cess has  been  converted  into  an  auto-destructive  process  by  an 
excessive  quantity  of  auto-antitoxin  in  the  blood.  Not  only  are 
bacteria,  toxins,  etc.,  destroyed,  but  the  blood-cells,  and  some- 
times the  tissue  likewise.  In  iodine  (and  its  salts),  we  have 
another  powerful  stimulant  of  the  adrenal  system,  and  the  fact 
that  it  is  the  main  constituent  of  the  thyro-parathyroid  secre- 
tion and  that  it  keeps  the  blood  well  supplied  with  opsonins 
accounts  for  the  value  of  this  drug,  since  bacteria  and  the 
pathogenic  elements  are  prepared  for  the  digestive  process  to 
which  the  auto-antitoxin  in  the  blood  and  phagocytes  submits 
them.  Finally,  we  have  in  the  adrenal  extractives,  agents 
which  increase  directly  metabolism  in  all  tissues,  and  thus 
provoke  the  formation  of  more  or  less  auto-antitoxin.  But 
here  we  lack  the  fundamental  attribute  of  the  whole  process, 
i.e.,  they  do  not  stimulate  the  test-organ  directly.  Hence  their 
fleeting  action,  though  they  are  very  useful  when  the  blood's  most 
important  function,  oxygenation,  must  be  promptly  and  ener- 
getically augmented,  and  when  the  morbid  effects  of  hypo- 
catabolism  must  be  offset. 

2—22 
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Thus,  four  agents — as  instances  of  others — fully  capable 
of  increasing  the  auto-antitoxic  properties  of  the  blood,  and, 
therefore,  its  auto-antitoxin,  show  distinct  properties  in  other 
directions.  These  points  of  divergence  are  all,  as  I  will  show, 
of  great  importance  in  practice. 

Another  important  point  emphasized  by  the  analysis  of 
the  action  of  the  four  remedies  studied  in  this  chapter  is  that 
it  is  the  small  doses  which  are  the  beneficial  ones,  because  they 
raise  the  germicidal  and  antitoxic  properties  of  the  blood  to 
a  safe  limit;  while  large  doses  provoke  excessive  overac- 
tivity of  the  immunizing  substances,  and  its  results,  destruc- 
tion of  the  blood-cells  and,  in  the  case  of  mercury,  of  the 
tissues  themselves. 

To  establish  the  views  I  advance  on  a  sound  basis,  a  study 
of  the  various  antitoxins  is  submitted  at  the  close  of  the  chapter. 
It  shows  plainly,  I  believe,  that  Ehrlich's  theory  is  funda- 
mentally defective,  and  that  the  ductless  glands  alone  afford  a 
sound  foundation  for  the  study  of  all  problems  concerned  with 
immunity,  a  fact  which  I  urged  over  four  years  ago  in  the  first 
volume. 

As  the  subjects  to  be  submitted  hereafter  bear  upon  ques- 
tions related  to  the  above:  the  physiological  action  of  drugs, 
the  pathogenesis  of  disease,  their  treatment,  etc.,  all  of  which 
are  of  special  interest  to  the  practitioner,  they  will  be  pre- 
sented in  a  way  calculated  to  facilitate  their  study:  the  gen- 
eral principles  introduced  will  be  presented  in  the  usual  type 
and  the  evidence  in  small  type.  This  plan,  however,  has 
entailed  the  necessity  of  introducing  in  the  general  text  (that 
in  large  type)  a  large  number  of  personal  conclusions  which 
are  necessarily  new,  since  they  refer  to  functions  of  the  organs 
I  have  introduced  into  the  problem,  or  effects  produced  by 
them.  In  each  case,  therefore,  to  obviate  the  introduction  of 
many  personal  pronouns  and,  furthermore,  indicate  that  the 
conclusions  reached  do  not  form  part  of  accepted  doctrines, 
they  will  be  distinguished  by  an  asterisk  (*)  referring  to  the 
words  "author's  conclusion" — a  phrase  which  embodies  also  the 
general  meaning  that  they  are  still  sub-judice — at  the  foot  of 
the  page. 
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Physiological  Action. — A  therapeutic  dose  of  thyroid 
extract  contributes  what  proportion  of  thyroidase  it  contains 
to  that  present  in  the  blood  at  the  time,  precisely  as  if  the 
thyroid  and  the  parathyroids  had  secreted  it.*  As  a  result, 
the  functions  that  thyroidase  subserves,  viz.,  (1)  to  increase  the 
sensitiveness  of  all  living  cells,  including  those  composing  the 
test-organ;  and  (2)  to  sustain  by  direct  stimulation  the  func- 
tional activity  of  the  latter  as  adrenal  center,  arc  correspond- 
ingly activated.*  The  immediate  effect  is  an  increase  of 
adrenoxidase  in  the  blood,  and,  therefore,  of  general  meta- 
bolism, and  increased  sensibility  of  all  cellular  elements.* 
The  tissue  cells  (as  well  as  pathogenic  cells,  bacteria,  parasites, 
etc.),  being  thus  rendered  more  vulnerable  to  the  metabolic 
process,  this  process  is  carried  on  at  a  rate  exceeding  greatly 
that  incited  by  an  agent  capable  only  of  stimulating  the  test- 
organ.*  The  phase  of  metabolism  most  activated,  however,  is 
that  of  catabolism,  since  the  function  of  thyroidase  is  to 
facilitate  the  breaking  down  of  cellular  elements  by  rendering 
them  vulnerable  to  the  digestive  action  of  the  auto-antitoxin.* 
Thyroid  extract  is  mainly,  therefore,  a  stimulant  of  the  cata- 
bolic  process. 

The  manner  in  which  the  thyro-parathyroid  secretion  (which  thy- 
roid extract  represents)  sensitizes  cellular  elements  and  the  test-organ, 
and  the  mode  of  action  of  this  secretion  on  this  organ  as  a  direct  stimu- 
lant, were  studied  in  the  preceding  chapter,  to  which  the  reader  is 
referred.  The  actual  presence  of  this  colloid  secretion — thyroidase — in 
the  lymph  and  blood  has  been  urged  by  Hiimig,"  Ehrich,"  and  others. 
Cerletti  and  Perusini"  found  it  in  the  arteries  and  veins.  That  the 
addition  of  a  glandular  extract  containing  the  active  principle  or  fer- 
ment of  the  colloid  should  augment  the  activity  of  that  already  in  the 
blood  is  obvious. 

Considerable  evidence  as  to  the  influence  of  the  thyroid  apparatus 
on  metabolism  has  already  been  adduced  in  the  preceding  chapters.  A 
few  additional  facts  will  therefore  suffice.  In  a  general  review  of  the 
subject,  Chittenden^'  states  that  experiments  on  dogs  show  that  fresh 
thyroid  and  iodothyrin  have  practically  the  same  action  in  stimulating 
metabolism  of  proteid  matter  and  decomposition  of  fat.  This  is  obvi- 
ously the  result  of  increased  oxygenation,  since,  as  observed  by  Robert 
Hutchison"  and  many  others,  it  promotes  "the  rapidity  of  combustion." 


*  Author's  conclusion. 

Hamig:    Archiv  f.  klin.  Chir.,  Bd.  Ix,  S.  1,  1897. 
"Ehrich:    Bruns  "Beitrage  f.  klin.  Chir.,"  Bd.  xxviii,  S.  97,  1900. 
"Cerletti  and  Perusini:    Jour,  of  Mental  Path.,  vol.  vii,  p.  209,  1906. 
*^  Chittenden:    Trans.  Congress  Amer.  Phys.  and  Surgs.,  p.  96,  1897. 
*"  Robert  Hutchison:   Brit.  Med.  Jour.,  July  16,  1898. 
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All  the  phenomena  that  this  entails  are  present,  moreover.  Thus 
Georgiewsky'"  found  that  thyroid  extract,  whether  injected  or  given 
with  the  food,  caused,  in  dogs  and  rabbits,  after  some  time,  a  rise  of 
temperature,  excessive  appetite,  increase  in  nitrogen  excretion  and  some- 
times glycosuria. 

This  evidence  is  controlled  by  the  fact  that  thyroid  extract 
increases  the  output  of  carbon  dioxide.  Whitney"^  found  that  there  was 
a  marked  increase  in  the  amount  of  CO2  eliminated  by  the  body, 
showing  increased  oxidation  of  the  carbonaceous  materials.  Conversely, 
while  Albertoni  and  Tizzoni  demonstrated  that  after  thyroidectomy  the 
proportion  of  CO2  in  the  blood  was  markedly  decreased,  Magnus-Levy"^^ 
noted  that  the  gaseous  exchanges,  the  temperature  and  metabolism  were 
all  reduced  by  removal  of  the  thyroid.  The  increase  of  excretory  pro- 
ducts induced  by  thyroid  extract  applies  as  well  to  catabolic  wastes, 
since  large  doses  produce  marked  irritation  of  the  organs  concerned 
with  their  elimination.  Thus  Ghedini"  found  in  14  animals,  the  liver, 
kidneys,  spleen,  and  the  axillary  and  inguinal  lymph-nodes  greatly 
swollen,  infiltrated  and  inflamed,  and  concluded  that  they  acted  chiefly 
on  organs  which  eliminated  noxious  substances.  So  marked  is  the 
increase  of  catabolism,  that  as  shown  by  Magnus-Levy,"  overalimenta- 
tion  does  not  prevent  emaciation  which  large  doses  of  thyroid  produce. 

On  the  other  hand,  impairment  of  the  functions  of  the  thyroid 
apparatus  by  reducing  the  efiiciency  of  catabolism,  causes  imperfectly 
broken-down — and  therefore  toxic — wastes  to  accumulate  in  the  blood. 
Lange"*^  found  that  removal  of  portions  of  the  thyroid  afl'ected  pregnant 
animals  more  severely  than  normal  ones.  A  remnant  sufficient  for 
health  in  the  latter  did  not  protect  the  pregnant  animals  from  spasms 
or  from  renal  disorders.  In  pregnant  women  Lange  observed  also  that 
when  the  customary  enlargement  and  overactivity  of  the  thyroid  did  not 
occur,  the'  likelihood  that  nephritis  would  appear  was  greatly  increased. 
Interpreted  from  my  standpoint,  this  is  because  the  overactive  thyroid 
insures  the  destruction  of  the  excess  of  toxic  wastes  which  the  foetus 
contributes  to  the  blood;  if  the  organ  fails  to  increase  its  activity, 
toxic,  i.e.,  imperfectly  catabolized,  wastes  are  secreted  in  abundance 
by  the  kidneys,  exposing  them  to  nephritis,  or  if  these  wastes  are 
retained,  puerperal  eclampsia  occurs.  Hypo-thyroidia  under  these  con- 
ditions becomes  the  main  cause  of  puerperal  nephritis  and  eclampsia. 
Additional  evidence  to  this  effect  will  be  submitted  in  the  section  on  that 
disease.  This  indicates  the  great  role  the  thyroid  apparatus  fulfills  in 
causing  destruction  of  toxic  wastes. 

That  when  used  in  small  therapeutic  doses,  thyroid  extract  pro- 
motes metabolism,  but  only  sufficiently  so  to  enhance  nutrition,  growth, 
and  the  life  process  itself,  is  shown  by  the  results  obtained  with  thyroid 
extract  in  myxoedema  and  cretinism.  This  is  fully  confirmed  experi- 
mentally. Thyroidectomy,  as  is  well  known,  arrests  growth  and  develop- 
ment in  animals.  Moussu^^  observed  that  in  such  animals,  thyroid 
extract  soon  caused  the  animals  to  resume  their  normal  growth  and 
development  until  a  condition  was  reached  when  the  comparison  with 
the  controls  was  striking.  On  the  other  hand,  we  have  in  the  use  of 
thyroid  extract  in  obesity,  evidence  to  the  effect  that  it  can  powerfully 
stimulate  catabolism. 


^  Georgiewsky :    Bull,  med.,  Dec.  1,  1897. 

■51  Whitney:    Cited  by  Mosely:    Med.  News,  Sept.  17,  1898. 

Magnus-Levy:    Zeit.  f.  klin.  Med.,  Bd.  xxxiii,  S.  269,  1897. 
■saQtiedini:    Centralbl.  f.  Bakt.,  Bd.  xxxiv,  S.  721,  1903. 
"  Magnus- Levy:    Loc.  cit. 

^  Lange:   Zeit.  t.  Geb.  u.  Gyn.,  Bd.  xl,  S.  34,  1899. 

"  Moussu:    C.  r.  de  la  Soc.  de  biol.,  vol.  vi,  p.  241,  1899. 
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As  thyroid  extract  promotes  catabolism  by  increasing, 
through  the  test-organ  and  the  adrenals,  the  proportion  of 
adrenoxidase,  nucleo-proteid,  and  trypsin  in  the  blood,  it  aug- 
ments its  supply  of  auto-antitoxin.*  Being  capable  also  (as 
opsonin)  of  sensitizing  directly  pathogenic  germs,  thus  insur- 
ing their  destruction  by  phagocytes  and  the  plasmatic  anti- 
toxin, thyroid  extract  fidfills  the  two  conditions  which  the 
body  requires  to  defend  itself  effectively  when  infection  has 
occurred.*  The  blood's  antitoxic  constituents  being,  more- 
over, the  bodies  which  convert  the  physiological  wastes,  broken- 
down  cells  and  all  other  detritus  into  benign,  eliminable  pro- 
ducts,* they  also  prevent  the  formation  of  intermediate  pro- 
ducts, i.e.,  toxic  wastes* — the  pathogenic  agents  in  gout  and 
disorders  related  thereto,  including  convulsive  diseases,  eclamp- 
sia, tetanus,  etc. 

Howell,"  alluding  (1905)  to  the  prevailing  views  as  to  the  func- 
tions of  the  thyroid  apparatus  and  their  secretion,  writes:  "Excision  or 
atrophy  of  these  bodies  results  in  a  loss  of  this  secretion  and  a  con- 
sequent malnutrition  or  perverted  metabolism  in  other  tissues  of  the 
organism.  According  to  the  other  point  of  view,  less  generally  held, 
the  function  of  these  bodies  is  to  neutralize  or  destroy  toxic  substances 
formed  in  the  metabolism  of  the  rest  of  the  body."  Interpreted  from 
my  standpoint,  boih  these  views  are  sound,  since  the  identical  process 
which  sustains  nutrition  and  metabolism,  is  that  which  insures  neutral- 
ization of  toxic  substances.  We  have  seen  that  the  role  of  the  thyroid 
in  metabolism  is  supported  by  a  multitude  of  facts;  this  applies  as  well 
to  its  function  in  the  destruction  of  poisons,  the  latter  function  being — 
as  I  view  it — but  an  exacerbation  of  the  former. 

Recent  clinical  observations  have  extended  the  defensive  functions 
of  the  thyroid  to  general  infections.  Thus,  Roger  and  Garnier^^  examined 
the  thyroid  glands  of  33  eases  after  death  from  various  infections,  scar- 
let fever,  measles,  diphtheria,  smallpox,  typhoid  fever,  cerebro-spinal 
meningitis  and  septic  meningitis.  Congestion  and  hypertrophy  were 
found  in  all.  The  clinical  histories  did  not  include  pain  in  the  thyroid. 
They  suggested  that  these  local  disorders  might  be  due  to  overactivity 
of  the  gland  having  for  its  purpose  the  destruction  of  the  specific  poisons. 
Odoacre  Torri""  also  found  that  during  infectious  diseases  the  gland 
was  overactive  and  that  it  secreted  an  inordinate  amount  of  colloid 
secretion.  He  noted,  moreover,  a  marked  epithelial  proliferation,  which, 
from  my  standpoint,  means  an  abundance  of  iodine-laden  leucocytes. 
In  common  with  other  investigators,  however,  he  erroneously  regards 
the  colloid  itself  as  the  bactericidal  product  and  the  excessive  secretion 
as  a  defensive  process. 

Vincent™  observed  enlargement  of  the  thyroid  in  rheumatism 
and  regards  it  as  "an  expression  of  increased  function  to  antagonize 


*  Author's  conclusion. 

"Howell:    "T.  B.  of  Physiol.,"  p.  774,  1905. 

Roger  and  Gamier:    Presse  med.,  vol.  vi,  p.  181,  1899. 
ISO  Odoacre  Torri:    Policlinico,  vol.  vii,  pp.  145,  226,  280,  1900. 
^"Vincent:    Bvill.  et  mem.  de  la  Soc.  med.  des  hopitaux  de  Paris,  3  serie,  23 
annee,  p.  598,  1906. 
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infection."  He  found  the  organ  sensitive  and  enlarged  in  11  out  of  17 
cases  of  typhoid  fever,  in  which  these  signs  appear  early.  The  results 
obtained  by  Leopold-Levi  and  de  Rothschild"^  in  100  cases  to  which 
they  administered  thyroid  extract  also  led  them  to  conclude  that  the 
thyroid  "acted  as  a  regulator  of  nutritional  ferments  as  well  as  of  the 
defensive  ferments"  of  pancreatic  origin,  in  accord  with  the  view  I  had 
advanced  over  two  years  earlier.  They  point,  moreover,  to  the  fact  that 
thyroid  insufficiency  predisposes  to  infection  and  auto-infection.  Morin°^ 
also  emphasized  recently  the  defensive  role  of  the  thyroid  as  shown  by 
tlie  liability  to  tuberculosis  and  other  infections  of  individuals  suffering 
from  congenital  myxoedema.  In  348  ordinary  cases  of  tuberculosis,  192 
showed  marked  atrophy  of  the  thyroid.  He  regards  this  phenomenon  as 
the  main  cause  of  the  prominence  of  the  thyroid  cartilage  in  these 
cases.  Such  cases  fared  badly,  as  a  rule,  while  those  in  which  the  gland 
was  normal  or  enlarged  yielded  promptly  to  remedies.  Bonnet"^  has 
already  observed  tliat  in  cases  of  athrepsia,  the  addition  of  small  doses 
of  thyroid  extract  to  the  usual  remedies  and  diet  measures,  promptly 
turned  the  tide  in  favor  of  the  patient,  while  Reid  Hunt,"  found  that 
thyroid  feeding  rendered  "white  mice  much  less  susceptible  to  the  toxic 
action  of  acotonitril." 

The  marked  increase  of  colloid  which  Roger  and  Garnier  and 
Torri  observed  under  the  influence  of  infectious  diseases  corresponds 
with  tliat  of  Wright's  opsonin  formed  under  the  influence  of  inocu- 
lations with  tuberculin  and  kindred  bodies.  Opsonin  and  thyroidase, 
as  I  have  pointed  out,  being  one  and  the  same  substance,  thyroidase, 
when  we  administer  thyroid  extract,  we  contribute  opsonin  directly  to 
the  blood.  As  thyroid  extract  also  promotes  active  metabolism  by 
stimulating  the  test-organ,  we  have  precisely  the  effects  produced  by 
inoculations,  since  it  is  through  a  similar  process  that  they  cause  the 
appearance  in  the  blood  of  what  Wright  has  termed  "bacteriotropie" 
substances.  Hence  tlie  fact  that,  as  I  have  myself  observed,  thyroid 
extract  is  an  effective  agent  in  the  treatment  of  tuberculosis  and  other 
infections. 

Untoward  Effects. — Small  closes  administered  at  too  short 
intervals,  or  large  therapeutic  doses  cause  the  blood-pressure 
to  fall,  although  the  proportion  of  auto-antitoxin  in  the  blood 
may  not  be  sufficient  to  cause  hjemolysis,  and  thus  normally  to 
awaken  the  protective  intervention  of  the  depressor  nerve.* 
This  is  due  to  the  fact  that  the  thyroidase  which  the  thyroid 
preparation  introduces  into  the  blood,  by  accumulating  therein, 
gradually  raises  directly  the  excitability  of  this  nerve.* 
Though  stimulated  artificially,  the  nerve  fulfills  its  normal 
role,  and  by  causing  vasoconstriction  of  the  arteries  of  the 
pituitary  and  thyroid,  inhibits  their  functions.*  Less  thy- 
roidase and  adrenoxidase  (which  jointly  aid  in  sustaining  the 
vascular  tone)  being  secreted,  the  arteries  relax  passively.* 


*  ^Htliof*s  cofictusiOTt, 

81  L.  Levi  and  de  Rothschild:   C.  r.  de  la  Soc.  de  blol.,  vol.  Ix,  p.  971,  1906. 

°=Morin:    La  Presse  med.,  vol.  xiv,  p.  623,  1906. 

"3  L.  Bonnet:    Semaine  med.,  vol.  xxiii,  p.  212,  1903. 

0*  Reid  Hunt:   Jour,  of  Biolog.  Chemistry,  vol.  i,  p.  33,  1905-06. 
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Oliver  and  Sehiifer,  Haskovec,  Gley,  Langlois,  and  several  other 
investigators  have  all  found  that  experimental — and  therefore  large — 
doses  of  thyroid  extract  caused  vasodilation  and  lowered  the  blood- 
pressure.  Human  thyroid  extract  produces  a  similar  effect  as  observed 
by  Guinard  and  Martin,*"*  who  used  the  thyroid  taken  from  an  executed 
criminal,  immediately  after  death.  The  influence  on  the  vessels  is  very 
prompt:  Bela  von  Fenyvessy™  found  that  it  lowered  the  blood-pressure 
in  rabbits,  beginning  a  few  seconds  after  the  injection.  Patta"  found 
that  thyroidin  lowered  the  blood-pressure  in  a  manner  directly  opposed 
to  suprarenin. 

If  the  use  of  large  doses  is  persisted  in,  the  excessive 
vasodilation  produced  by  the  depressor  becomes  such  that,  in 
accord  with  Marey's  law,*  the  rapidity  of  the  heart-beats,  i.e., 
the  pulse,  is  greatly  increased.  The  blood  being  caused  to 
accumulate  in  the  great  central  trunks,  the  splanchnic  area, 
the  quantity  circulating  through  the  lungs  is  reduced*  and, 
the  absorption  of  oxygen  being  inadequate,*  dyspnoea  ensues, 
and  sometimes  cyanosis.  General  oxygenation,  owing  to  this 
cause  and  to  the  diminution  of  adrenoxidase,*  being  lowered, 
the  heart's  action  becomes  irregular.  The  skeletal  muscles  being 
affected  in  the  same  way,*  general  weakness,  trembling  and 
muscular  pains  (owing  to  the  accumulation  of  toxic  wastes) 
may  be  complained  of.  Vertigo,  mental  depression  may  like- 
wise occur. 

When  the  cutaneous  arterioles  are  also  dilated,  they  admit 
an  unusual  volume  of  blood  into  the  capillaries;*  causing 
superficial  congestion,  hyperthermia,  pruritus  and  tingling. 
A  similar  condition  of  the  gastric  capillaries  causes  nausea  and 
vomiting;  of  the  intestines,  diarrhoea;  of  the  brain,  insomnia; 
of  the  meninges,  headache.  These  symptoms  are  usually  tran- 
sitory if  the  use  of  the  remedy  is  discontinued,  but  if  it  is  per- 
sisted in,  it  may  produce  syncope.  The  morbid  s3anptoms 
sometimes  persist  after  withdrawal  of  the  drug.  Exertion, 
when  large  doses  of  thyroid  extract  are  being  used,  is  danger- 
ous, owing  to  the  deficient  nutrition  and  weakness  of  the  cardiac 
muscle. 

Various  other  symptoms  have  been  recorded:  transitory  aphasia 
with  monoplegia  and  unilateral  anjEsthesia  (Beclf>re)  ;  epileptoid  con- 
vulsions (Henry)  ;  a  condition  resembling  ursemia  (Schmidt),  etc.  Two 
fatal  results  were  reported  by  Murray;  two  by  Vermehrer;  one  by 
Foulis;  one  by  Stabel — but  all  in  cases  of  myxoedema  in  which  the 


*  Atithor'n  conclusion. 

Guinard  and  Martin:   C.  r.  de  la  Soc.  de  biol.,  10  serie,  vol.  vl,  p.  161,  1899. 
8«  Bela  von  Penyvessy:    Wien.  klin.  Woch.,  Bd.  xiii,  S.  125,  1900. 
"Patta:   Inaug. -Dissert.,  Pavia,  1904. 
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doses  were  large.  Many  others  have  been  reported.  Popoflf,'^  who 
refers  to  these  cases,  states,  however,  that  thyroid  preparations  pro- 
duce "deplorable  efifects  capable  of  causing  death  not  only  in  myxoedema- 
tous  subjects,  but  also  in  cases  of  obesity,  psoriasis  and  even  in  healthy 
subjects."  Georgiewsky,""  even  in  animals  killed  by  the  drug,  found,  in 
accord  witn  Murray's  observation,  that  the  thyroid  gland  was  "pale, 
yellowish  and  diminished  in  size,"  although  there  was  pronounced 
atrophy  of  the  adipose  tissue  and  of  the  muscles  and  intense  congestion 
of  other  organs,  the  kidneys,  bulb,  brain,  etc.  This  points  to  the  se- 
quence of  events :  ( 1 )  violent  hypercatabolism  of  tho  body  constitu- 
ents which  are  always  the  first  to  yield,  the  fats;  (2)  reaction  of  the 
depressor;  (.3)  death  through  the  presence  of  enough  thyroidase  in 
the  blood  to  excite  violently  the  depressor  and  cause  it  to  paralyze  the 
pituitary  body  and  thyroid  gland  by  unduly  constricting  their  vessels. 

Therapeutics. — The  dangers  attending  the  use  of  th_yroid 
and  its  preparations  appear  sufficiently  formidable  to  preclude 
their  employment  in  therapeutics.  In  truth,  there  is  no  agent 
at  our  disposal  whose  effects  can  be  controlled  with  more 
accuracy,  if  the  functions  of  the  depressor  nerve  and  the  symp- 
toms it  provokes  are  taken  into  account,  and  if  fresh  prep- 
arations of  thyroid  are  used.  Small  doses,  2  to  3  grains  (0.13 
to  0.19  gram)  three  times  daily,  seldom  call  forth  any  unto- 
ward effect.  The  pulse  may  be  raised  slightly,  and  there  may 
be  a  rise  of  temperature  of  1/2  to  1°  F.  (0.3  to  0.6  C),  but 
this  is  not  due  to  depressor  action ;  it  is  the  result  of  enhanced 
metabolism — an  expression  of  the  remedy's  beneficial  or  "tonic" 
action.  Conversely,  when  larger  doses  are  given,  such  as  those 
employed  in  the  treatment  of  obesity  (beginning  with  5  grains 
(0.3  gram)  three  times  daily  and  gradually  increased),  the 
hypercatabolism  to  which  the  reduction  of  flesh  is  due  keeps 
the  patient  on  the  verge  of  depressor  action,  and,  more  or  less 
suddenly,  the  pulse  becomes  faster.  Instead  of  being  finn  or 
somewhat  harder  than  usual,  as  is  the  case  when  the  "tonic" 
phase  of  thyroid  action  prevails,  the  pulse  is  softer  and  yields 
readily  to  pressure.  The  patient  may  complain  of  vertigo, 
weakness  and  palpitations,  etc.,  altogether  a  symptom-complex 
indicating  functional  torpor — though  the  face  may  be  flushed 
by  dilation  of  the  arterioles.  The  two  conditions  are  radically 
different,  therefore,  and  the  danger  signals  of  depressor  action 
are  clearly  defined.*  It  is  always  best  to  discontinue  the  drug 
when  the  latter  occur  until  the  morbid  phenomena  cease,  and 
to  employ  smaller  doses  when  the  treatment  is  resumed.* 


*  Author's  conclusion. 

"8  Popoff:    Arch.  gen.  de  Med.,  Oct.,  1899. 
Georgiewsky :   Loc.  cit. 
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Murray'"  also  states  that  "the  earliest  £.nd  most  common  symptom 
is  the  increased  frequency  of  the  pulse.  Other  symptoms  are  violent 
palpitation,  fine  tremor  of  the  hands,  flushing  and  moisture  of  the  skin, 
and,  in  case  of  large  doses,  emaciation."  Easterbrook,"^  after  using 
thyroid  extract  in  about  100  eases  in  sufficient  doses  to  produce  thyroid- 
ism,  concluded  that  "indubitably^'  it  was  "a  profound  catabolie  stim- 
ulant." 

The  principles  formulated  in  the  foregoing  pages  account 
for  the  beneficial  effects  thyroid  preparations  have  afforded  in 
various  disorders: — 

Their  mode  of  action  in  myxcedema  and  cretinism  is  self- 
evident,  since  by  enhancing  the  irritability  of  all  cells  and 
stimulating  the  adrenal  functions,  thyroid  preparations  supply 
the  organism  with  precisely  the  two  sources  of  energy  that 
incite  and  sustain  the  vital  process.  In  the  various  diseases 
due  to  lowered  catabolism  or  the  accumulation  of  toxic  wastes 
in  the  blood,  such  as  tetany,  puerperal  eclampsia,  epilepsy,  the 
disorders  of  menopause,  asthma  and  rheumatoid  arthritis,  their 
beneficial  effects  are  but  the  counterpart  of  their  action  after 
th3'roidectomy :  by  promoting  catabolism,  they  insure  the  con- 
version of  the  pathogenic  elements  into  readily  eliminable  end- 
products.  Exaggeration  of  this  process  accounts  for  the 
emaciation  caused  in  ohesity  and  its  benefit  in  Dercum's  disease, 
adiposis  dolorosa.  The  nutrition  of  osseous  tissues  and  the  pro- 
cesses of  repair  being  enhanced,  the  improvement  observed  in 
osteomalacia,  ricliets,  osteomyelitis  and  delayed  union  in  frac- 
tures is  also  easilj'  accoimted  for.  Their  action  on  the  adrenal 
center  leading  to  the  accumulation  of  adrenoxidase  in  the  blood, 
explains  their  efficacy  in  hcemorrhages  of  various  kinds  and 
hemophilia,  since  adrenoxidase  is  the  fibrin  ferment,*  the  under- 
lying factor  in  the  formation  of  the  blood  clot. 

In  infections,  including  asthenic  pneumonia  *  the  exanthe- 
mata of  childhood,  tuberculosis  and  typhoid  fever,  the  value  of 
thyroid  preparations — in  small  doses — is  readily  explained. 
They  attack  directly  the  pathogenic  organism  by  rendering  it 
vulnerable  to  the  attacks  of  phagocytes  and  the  blood's  auto- 
antitoxin — and  insure  the  work  of  destruction  by  stimulating 
the  test-organ,  the  governing  center  of  the  body's  defensive 
mechanism.* 


*  Author's  conclusion. 

'»  Murray:    Lancet,  March  IS,  1S99. 

"  Easterbrook:   Lancet,  Aug.  6,  1S98. 
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MERCURY. 

Physiological  Action. — Whether  administered  by  the 
moutli,  injected  subcutaneously,  or  rubbed  into  the  skin  (dis- 
solved therein  by  the  constituents  of  the  sebaceous'  secretion), 
mercury  and  its  salts  are  taken  up  by  leucocytes  and  carried 
to  all  tissues. 

Although  toxic  effects  occur  after  the  ingestion  or  inhalation  of 
metallic  mercury,  this  metal  cannot,  as  shown  by  Hermann,"  penetrate 
normal  epithelium  in  any  part  of  the  body.  The  metal  is  found  con- 
densed upon  the  epithelium.  This  was  confirmed  by  Hoffmann,  Rohrig, 
Biirensprung,  Neumann  and  Fleischer,  and  others."  The  reason  for  this 
becomes  plain  in  view  of  the  fact  that  it  is  taken  up  by  leucocytes. 
Conti  and  Zviccola'^  found  that  mercury,  whether  administered  by  the 
mouth  or  hypodermically,  was  always  carried  to  the  tissues  by  these 
cells.  We  have  seen  in  the  preceding  chapter  that  Stassano,  Besredka 
and  Montel  had  also  observed  that  they  ingested  mercurial  salts,  includ- 
ing calomel,  introduced  into  the  blood  by  injections  or  inunctions. 
Monter"  ascertained,  moreover,  that  this  role  was  carried  on  by  the 
neutrophiles  and  the  large  mononuclears.  This  was  confirmed  by  Col- 
let,™ who  found  also  that  Ijonphocytes  and  the  red  corpuscles  took  no 
part  in  the  process.  Stassano"  isolated  the  red  corpuscles  from  the 
leucocytes  and  found  mercury  in  the  leucocytes  only.  Carles"*  reached 
a  similar  conclusion.  Almkwist"  holds  that  in  the  intestine  mercury 
forms  a  sulphide  with  sulphuretted  hydrogen,  and  observed  leuco- 
cytes containing  fine  yellow  granules  of  the  sulphide  between  the  epi- 
thelial cells  of  the  intestine.  He  also  found  this  sulphide  in  the  blood, 
lymph  and  tissue  fluids.  As  other  observers,  including  Rindfleisch  and 
Fiirbringer™  and  Chittenden*'  have  found  mercury  in  solution  in  the 
body  juices  in  the  form  of  albuminates,  the  metal,  in  the  light  of  the 
foregoing  facts,  must  be  derived  from  the  tissues  into  which  they  have 
been  secreted  by  their  normal  carriers,  the  leucocytes.  Barthe  and 
Mongour'^  conclude  that  the  mercury  must  first  destroy  these  cells 
to  be  liberated,  but  the  evidence  I  have  submitted  sufficiently  demon- 
strates that  such  destruction  is  unnecessary. 

That  mercury  does  not  act  directly  upon  the  tissues  is  shown  by 
the  fact  that  it  may  accumulate  in  the  organism,  and  remain  prac- 
tically inert  therein.  Referring  to  the  labors  of  Vajda  and  Pasehkis,*' 
Schuster,'**  Balzer  and  Klumpke,*'  and  others,  Wood™  states  that  "the 
evidence  in  favor  of  the  storing  up  of  mercury  in  the  system  is  over- 
whelming." 


'-Hermann:   "Lehrbuch  d.  exper.  Toxikologie,"  Berlin,  1874. 
"  Hoffmann,  Rohrig,  Barensprung,  Neumann  and  Fleischer:   Cited  by  A.  A. 
Chittenden:    Bull.  Johns  Hopkins  Hosp.,  May,  1899. 

Conti  and  Zuccola:    Riforma  medica.  Mar.  17,  1906. 

Montel:   G&z.  hebd.  do  med.  et  de  chir.,  Apr.  21,  1901, 
™  Collet:   Lyon  medical,  June  14,  1903. 
"  Stassano:   C.  r.  de  I'Acad.  des  scl.,  1898. 
™  Carles:   Loc.  cit.,  p.  32. 

™Almkwist:    Nord.  med.  Arl:.,  Afd.  2,  No.  6,  1903. 

Fiirbringer:   Virchow's  Archiv,  Bd.  Ixxxii,  S.  491,  1880. 
SI  Chittenden:   Bull.  Johns  Hopkins  Hosp.,  May,  1899. 

8=  Barthe  and  Mongour:   Jour,  de  m^d.  de  Bordeaux;  Med.  Age,  Dec.  26,  1906. 
8^  Vajda  and  Paschkis:    "Ueber  d.  Einfl.  d.  Quecksilber,"  Wien,  1880. 
SI  Schuster:    Zeitsch.  f.  klin.  Med.,  Bd.  vii,  S.  80,  1884. 

Balzer  and  Klumpke:    Rev.  de  med.,  vol.  viii,  p.  303,  1888. 
si'Wood:    Loc.  cit.,  thirteenth  edition,  p.  484.  1906. 
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The  various  salts  of  mercury  owe  their  therapeutic  value 
to  the  energy  with  which  they  stimulate  the  test-organ.*  In 
minute  doses  they  promote  nutrition,  i.e.,  act  as  a  tonic, 
because,  by  stimulating  the  test-organ,  they  increase  the  secre- 
tory activity  of  the  adrenals,  and  enhance,  therefore,  general 
oxygenation  and  metabolism.*  The  function  of  the  pan- 
creas, the  thyro-parathyroid  apparatus  and  the  leucoeytogenic 
organs  being  correspondingly  activated,  the  quantity  of  auto- 
antitoxin  in  the  blood  is  augmented.* 

Its  powerful  stimulating  action  on  the  adrenal  center  is  shown 
in  various  ways.  Like  all  lesions  of  the  anterior  pituitary  attended  with 
local  hypercemia,  mercury  provokes  glycosuria. 

Saikowsky*"  found  th.it  "mercury  diabetes  lasts  longer  than  the 
other  artifically-produced  diabetes,  persisting  sometimes  eighteen  days" 
after  tlie  causative  doses.  It  was  also  noted  by  RejTioso,  Rosenbach, 
Bouchard  and  Cartier.*""  It  is  commonly  observed  in  rabbits,  when  too 
large  doses  (which  paralyze  the  adrenals)  are  avoided.  As  emphasized 
by  Cartier,  it  is  not  by  causing  grave  hepatic  lesions  that  mercury  evokes 
diabetes;  as  I  have  shown,*'*  a  marked  excess  of  adrenoxidase  in  the 
blood  is  the  cardinal  factor  in  its  production,  since  this  greatly  enhances 
the  functional  activity  of  the  pancreas,  and,  therefore,  the  production 
of  amylopsin,  the  ferment  which  converts  glycogen  into  sugar.  That  the 
adrenals  are  hyperactive  was  ascertained  by  Moulinier,™  who  found 
the  adrenals  intensely  congested  in  slow  mercurial  poisoning,  and  invari- 
ably hypertrophied.  He  observed,  moreover,  that  in  subjects  who  suf- 
fered from  slow  mercurial  intoxication,  even  minute  doses  of  adrenalin 
hastened  death;  and  moreover,  as  a  corollary  to  this  fact,  that  indi- 
viduals to  whom  mercury  and  adrenalin  were  given  simultaneously  died 
sooner  than  when  adrenalin  was  given  alone.  He  concluded,  therefore, 
that  the  action  of  mercury  is  added  to  that  of  adrenalin.  The  reason 
for  this  is  obvious:  the  mercury  doing  harm  by  overexciting  the  adren- 
als, adrenalin  added  fuel  to  the  fire,  the  excess  of  adrenoxidase — the 
albuminous  haemoglobin — being  of  course  the  harmful  agent.  Under 
these  conditions  mercury  should  prove  useful  in  conditions  attended 
with  deficient  haemoglobin.  Semmola"^  noted  that  in  syphilitics,  the 
haemoglobin  rose  markedly  under  mercury,  within  seven  or  eight  days. 
As  shown  by  Cervello"^  the  same  eflfeet  is  produced  in  animals. 

The  stimulating  action  of  mercury  on  the  pancreas  is  illustrated 
further  on.  That  on  lymphatic  organs  is  sufficiently  marked  to  have 
led  Jullien"'  to  ascribe  it  to  the  striking  effects  of  this  drug  in  syphilis. 
That  leucocytogenesis  is  actively  stimulated  was  conclusively  shown  by 
the  experiments  of  Koslowsky."  Not  only  was  the  proportion  of  older 
cells  reduced,  but  that  of  young  cells  was  increased.  Kupferwasser"' 
found  that  the  number  of  young  leucocytes  in  the  blood  was  considerably 
increased  in  normal  subjects,  and  in  syphilitics  when  the  treatment  was 


*  Author's  conclusion. 

8'  Saikowsky:   Virchow's  Archlv,  Bd.  xxxvii,  S.  346,  1866. 
8«  Cartier:    Th6se  de  Paris,  1891. 
89  Cf.  this  vol.,  p.  1021. 

Moulinier:    Archives  de  med.  navale,  vol.  Ixxxiv,  p.  265,  1905 
01  Semmola:    Presse  med.,  Sept.  15,  1889. 
°-  Cervello:    Jour,  des  practiciens,  Jan.  12,  1901. 
"^Jullien:    "Maladies  Veneriennes,"  1886. 
0*  Koslowsky :    These  de  St.  Petersburg. 

Kupferwasser:   Arch,  des  sci.  biol.  de  St.  Petersburg,  vol.  vi,  1898. 
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not  too  prolonged.  A  contrary  effect  is  produced,  however,  when  the 
drug  is  taken  in  toxic  doses,  i.e.,  in  sufficient  quantities  to  depress  the 
test-organ. 

The  experimental  investigations  upon  the  influence  of  mercury 
on  metabolism  that  have  been  recorded  are  worthless  in  that  the  ruling 
element  of  the  problem,  the  relative  influence  of  dosage,  was  not  taken 
into  accoxmt,  the  animals  thus  receiving  toxic  doses  which  paralyzed 
the  adrenal  center  in  practically  every  instance.  The  clinical  evidence 
on  the  subject  is  alone  instructive,  therefore.  Levi,-*  in  a  study  of  252 
patients  suffering  from  syphilis,  '"found  that  the  mercurials  increase 
organic  combustion  and  hasten  metabolism  in  this  condition,"  a  proof 
that  the  blood's  asset  in  auto-antitoxin  is  increased.  That  nutrition 
is  enhanced  is  shown,  moreover,  by  the  increase  of  weight  obsen-ed  by 
Liegeois,"  Armaingaud  and  Martin-Damourette,*^  while  K.ejes,^  Wil- 
bouchewitch,  Gaillard,  Hayem,  Robin,  and  others  noted  besides  this, 
a  marked  increase  of  red  corpuscles.  Similar  results  were  obtained  by 
Schlesinger'"  in  dogs  and  rabbits. 

This  accounts  for  the  fact  that  various  preparations  of  mercury, 
calomel  particularly,  have  always  occupied  a  high  place  among  the 
agents  known  to  abort  disease.  Daly,  of  Pittsburgh,  found  calomel  of 
great  value  in  diphtheria,  recommending  its  use  until  the  stools  became 
green.  Illingworth''-"-  found  the  biniodide  or  calomel  extremely  effective 
for  the  jugulation  of  various  infectious  diseases  such  as  scarlet  fever, 
diphtheria,  measles,  chiekenpox,  pertussis,  typhoid  fever,  pyssmia,  puer- 
peral fever,  etc.,  and  his  obsen^ations  in  some  of  these  diseases  have 
been  confirmed  by  Dukes,  Xeale,  Lloyd  Brown,  and  others. 

The  immunizing  process  is  most  active  in  the  liver,  an 
action  which  becomes  manifest  when  sufficiently  large  doses  of 
mercury  to  produce  purgation  are  given.  Mercurial  purga- 
tives do  not,  as  generally  believed,  produce  their  effects  by 
increasing  the  secretion  of  bile — which  is  a  mere  epiphe- 
nomenon  when  it  occurs — but  by  increasing  the  germ-  and 
poison-destroying  properties  of  the  hepatic  blood.*  The  green 
stools  produced  are  rich  in  biliverdin,  i.e.,  adrenoxidase.* 

It  is  believed  by  many  that  mercury  produces  its  beneficial  efTects 
by  increasing  the  biliarj'  secretion,  but  the  investigations  of  Pfaff  and 
Balch,  and  Joslin,"^  have  sho\^-n  that  the  bichloride  and  calomel  not 
only  do  not  increase  the  flow  of  bile  in  patients  with  biliary  fistula,  but 
that  they  tend  rather  to  decrease  it.  This  indicates  that  the  benefit 
derived  from  mercury  is  due  to  the  greater  antitoxic  activity  of  the 
hepatic  blood  and  not  to  an  increase  of  fluid.  Again,  when  calomel  is 
administered  to  healthy  indi\nduals  in  suitable  doses,  green  liquid 
stools,  as  is  well  kno^^•n,  are  produced.  The  belief  that  this  was  due 
to  an  increase  of  bile  was  eventually  replaced  by  the  view  that  the 
color  was  the  result,  as  suggested  by  Traube  and  Stille,  of  the  presence 
of  a  mercurial  compound.    But  the  analyses  of  Simon,^*^  Golding  Bird,'"* 

*  Author's  conclusion. 

*«Levi:   Cited  by  Jour.  Amer.  Med.  Assoc.,  May  12,  1906. 

<"  Liegeois:    Gaz.  des  hopitaux,  vol.  xlii,  pp.  347,  350,  363,  371,  395,  1869. 

'*  Armaingaud  and  Martin-Damourette:    Manquat:    Loc.  cit. 

"Keyes:   Amer.  Jour.  Med.  Sci.,  Jan.,  1876. 

"x"  Schlesinger:    Arch.  f.  exp.  Path.,  Bd.  xiii,  S.  317,  1881. 

Illingworth:    "Abortive  Treatment  of  Febrile  Disorders,"  1888. 
*<«Joslin:    Cited  by  Hare,  "Practical  Therapeutics,"  p.  323,  1904. 
i""  Simon:    Animal  Chemistry,  Sydenham  Soc.  Trans.,  ii,  p.  386. 
"♦Golding  Bird:   London  Med.  Gaz.,  vol.  i,  p.  801,  1845. 
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and  Michea"*  failed  to  show  that  the  metal  was  present  in  any  form. 
The  investigations  of  Simon  and  Michea  revealed  an  important  fact, 
however,  viz.:  the  presence  in  the  stools  of  bile  pigments,  and  partic- 
ularly biliverdin,  in  large  quantity.  As  I  have  shown  in  various  parts 
of  this  work,^*^  however,  bilirubin  is  oxidizing  substance,  i.e.,  adren- 
oxida^e;  the  large  quantity  of  bilirubin  in  the  stools  is  evidently  due, 
therefore,  to  excessive  activity  of  the  adrenals. 

The  antitoxic  process  carried  on  in  the  liver  under  the 
influence  of  a  mercurial  purgative  is  supplemented  by  a  similar 
process  in  the  intestine.*  The  excess  of  adrenoxidase  in  the 
blood  raises  the  secretorj'  activity  not  only  of  the  pancreas,  but 
also  of  all  the  intestinal  glands.*  A  large  volume  of  intestinal 
jaice  rich  in  pancreatic  juice,  nucleo-proteid  and  adrenoxidase, 
i.e.,  in  auto-antitoxin  similar  to  that  in  the  blood,  is  thus  pro- 
duced, which  flushes  the  intestinal  canal  and  sterilizes  it.* 

The  manner  in  which  the  various  components  of  the  intestinal 
juice  are  produced  and  their  physiological  function  have  been  reviewed 
in  the  fourteenth  chapter,  to  which  the  reader  is  referred.  The  stim- 
ulating influence  of  mercury  on  the  pancreas  is  generally  recognized. 
Potter,""  for  instance,  st-ates  that  in  full  doses,  continued,  the  prepara- 
tions of  mercury  "overstimulate  the  glands,  especially  the  pancreas." 
In  a  case  reported  by  Copland,'™  in  which  death  occurred  during  exces- 
sive salivation,  the  pancreas  weighed,  post-mortem,  four  ounces,  was 
red  and  congested,  while  its  ducts  were  dilated.  Arnozan  and  Vaillard'^™ 
observed  marked  evidences  of  overactivity  in  the  pancreas  of  rabbits 
treated  about  one  month  with  corrosive  sublimate. 

The  powerful  stimulating  action  of  mercur}-  on  the  test- 
organ,  i.e.,  on  the  adrenal  center,*  renders  it  a  powerful  cardiac 
stimulant.  The  adrenal  secretion  not  only  sustains  the  func- 
tional activity  of  the  right  heart,  but  the  improved  oxygena- 
tion of  the  entire  body  increases  the  nutrition  of  the  organ.* 
Again,  by  stimulating  catabolism,  it  also  relieves  the  blood  of 
any  excess  of  wastes,*  and  thus  antagonizes  undue  arterial  ten- 
sion and  vascular  resistance. 

Murray""  regards  blue  pill,  5  grains  (0.3  gm.)  every  night,  as 
"the  basis  of  treatment  in  all  cases  of  weak,  dilated,  irritable  and 
irregular  heart  where  there  is  resistance  in  the  arterial  system."  Sir 
William  Broadbent,  Allbutt,  Dickinson,  Morison""-  and  others  have  all 
recommended  small  doses  of  mercury  to  reduce  "impedimental  condi- 
tions of  vascular  tension."  William  Pepper  has  also  emphasized  the 
value  of  mercury  in  heart  failure. 


*  Author's  conrlusion. 

Michea:    L'Union  med.,  vol.  ii,  p.  495,  1S48. 
Cf.  vol.  i,  pp.  115,  119,  12S. 

Potter:    "Materia  Medica,  Pharm.  and  Therap.,"  eighth  edition,  1901. 

Copland:    Cited  by  Wood:    Loc.  cit..  thirteenth  edition,  p.  4S7,  1906. 
109  Amozan  and  Vaillard:    Jour,  de  med.  de  Bordeaux,  1883. 
'lOMurrav:    Phila.  Med.  Jour.,  June  23,  1900. 
^Morison:   Lancet,  Oct.  28,  1899. 
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Mercury  is  an  energetic  diuretic.    This  is  due  (1)  to  the 

fact  that  it  increases  considerably  the  intrinsic  metabolism  of 

the  kidneys,  and,  therefore,  their  functional  activity — as  it 

does  that  of  all  other  organs — and  (2)  to  the  passage  through 

the  kidneys  of  an  unusual  proportion  of  excretory  products, 

including  a  portion  of  the  drug  itself.    Its  prolonged  use 

exposes  the  kidneys  to  grave  disorders. 

Rosenheim"^  found,  in  experiments  upon  dogs,  that  when  mercury 
acted  as  a  diuretic,  it  did  so  by  stimulating  the  renal  epithelium,  and 
by  flushing  the  renal  vessels.  IJieganski"^  and  Stintzing"*  and  others 
also  attributed  the  local  lesions  directly  to  the  metal.  Fiirbringer,"^ 
in  a  study  of  the  statistics  of  the  subject,  found  that  8  out  of  100 
syphilitic  subjects  suffered  from  nephritis  when  under  mercurial  treat- 
ment, but  that  withdrawal  of  the  drug  was  usually  followed  by  recov- 
ery. Swan""  reported  a  case  which  had  reached  the  stage  of  paren- 
chymatous nephritis  in  which  the  urine,  examined  at  short  intervals, 
was  found  to  contain  mercury  one  year  and  twenty-nine  days  after  the 
last  dose  had  been  administered.  In  a  case  of  sublimate  poisoning 
observed  by  Chauflfard"'  there  was  complete  anviria  during  five  days. 
H.  C.  Wood,  Jr.,"'  observed  haemorrhagic  nephritis  in  several  cases  of 
corrosive  sublimate  jjoisoning. 

Untoward  Effects. — The  therapeutic  dose  of  mercury 
i.e.,  the  quantity  that  will  stimulate  sufficiently  the  test-organ 
to  protect  the  body  against  infection,  is  very  small.*  Beyond 
this  limit  excessive  oxygenation  of  the  blood  occurs  and  diges- 
tive activity  of  the  auto-antitoxin  becomes  such  that  it  pro- 
vokes more  or  less  serious  disorders.*  This  is  due  to  the  fact 
that  while  the  adreno-thyroid  center  is  stimulated  very  actively 
(through  the  test-organ)  by  mercury,  the  proportion  of  thyroid- 
ase  produced  is  only  sufficient  to  excite  the  depressor  nerve 
(thus  inhibiting  the  formation  of  auto-antitoxin)  vs^hen  the 
metal  is  taken  in  very  large  or  toxic  doses.* 

The  earliest  indication  that  mercury  is  being  given  in 
excess  is  salivation,  due  to  undue  stimulation  of  the  salivary 
glands.  The  intrinsic  metabolism  becomes  such*  that  enor- 
mous quantities  of  saliva  are  sometimes  voided.  The  glands 
often  become  enlarged  and  tender.  Evidences  of  increased 
general  metabolism,*  slight  fever  and  restlessness  may  also 


*  Author's  conclusion. 
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appear  at  this  time,  accompanied  by  increase  of  tendon  reflexes, 
and,  in  rare  cases,  by  hallucinations. 

While  the  stimulation  of  the  test-organ,  which  indirectly  increases 
the  auto-antitoxin  in  the  blood,  is  brought  about  by  the  mercurial  car- 
ried directly  to  that  organ  by  leucocytes,  the  bulk  of  the  drug  which 
is  secreted  in  the  tissues  by  these  cells,  is  converted,  as  is  well  known, 
into  an  inert  albuminate.  Chittenden,""  for  instance,  writes  as  the 
result  of  a  careful  study  of  the  question:  "Just  how  the  solution  ol 
mercury  by  the  body  juices  is  eflfected,  and  what  part  is  played  by  the 
albuminous  constituents,  we  cannot  say,  but  that  solution  is  effected 
and  the  mercury  eliminated  as  an  albuminate  seems  to  be  true."  As 
it  is  this  compound  which  circulates  in  the  pituitary  body,  the  test-organ 
is  not  caused  to  react. 

The  proteolytic  activity,  to  which  the  intestinal  juice  owes  its 
bacteriolytic  and  antiseptic  properties,  may  be  suHieient  in  cases  of 
poisoning  to  cause  lesions  in  intestinal  mucosa,  by  a  process  similar  to 
that  of  haemolysis  in  the  blood  proper.  These  lesions  are  now  attributed 
to  a  direct  action  of  the  mercury,  but  such  is  evidently  not  the  case 
when  even  large  therapeutic  doses  are  ta'  en,  for  they  may  be  produced 
when  mercury  ia  applied  externally.  In  Sackur's  fatal  case,""  for 
example,  a  single  inunction  sufficed  to  provoke  them.  In  Audry's  case"^ 
hypodermic  injections  of  the  metal  caused  numerous  ulcers  in  the  intes- 
tine, etc.  Interesting  in  this  connection  is  a  case  reported  by  Alfred 
Berliner'"  in  a  syphilitic  woman,  six  months  pregnant,  in  whom  inunc- 
tions caused  violent  enteritis.  On  withdrawing  the  drug  the  latter  dis- 
appeared, but  recurred  at  once  on  resuming  its  use.  After  delivery, 
however,  the  inunctions  produced  no  ill  effects.  The  use  of  mercury  has 
often  been  pointed  out  as  dangerous  in  pregnant  and  puerperal  women. 
The  reason  for  this  is  self-evident,  in  view  of  the  fact  that  during  preg- 
nancy, "the  anterior  lobe  of  the  pituitary  body"  as  shown  by  Comte, 
Launois  and  Mulon,'^'  is  "in  a  manifest  condition  of  hyperactivity." 
As  mercury  violently  stimulates  precisely  the  anterior  pituitary  (the 
test-organ),  and  the  symptoms  of  mercurial  poisoning  are  those  of 
excessive  activity  of  the  adrenals,  it  is  only  normal  that  mercury,  dur- 
ing pregnancy  or  parturition  (the  anterior  pituitary  remaining  active 
until  all  toxic  wastes  in  the  body  are  destroyed),  should  cause  poisoning. 

As  to  salivation,  the  role  of  adrenoxidase  in  the  process  of  exces- 
sive auto-antitoxin  formation  is  well  illustrated  by  the  fact  that 
adrenal  extract  in  toxic  doses  was  found  by  Gourfein'-*  to  cause  saliva- 
tion, among  other  symptoms,  in  animals.  Taramasio'"  also  observed 
frothing.  As  mercury  acts  by  stimulating  the  adrenal  mechanism,  the 
cause  of  this  symptom  is  obvious.  Cushny,""  who  refers  to  the  fact 
that  many  liters  of  saliva  are  sometimes  poured  out  in  twenty-four 
hours,  states  that  "the  salivation  and  stomatitis  which  are  so  frequently 
seen  under  mercurial  medication  are  obviously  not  due  to  the  local 
action  of  the  drug  on  its  way  to  the  stomach,  for  they  occur  equally 
readily  when  it  is  applied  by  hypodermic  injection  or  by  inunction." 
Nor  are  salivation  and  stomatitis  due  to  a  local  effect  of  the  remedy 
while  being  ingested,  since  they  occur  as  readily  when  mercury  is 
used  by  hypodermic  injection  or  by  inunction.    Indeed,  Boekhart,"' 

""Chittenden:    Loc.  cit. 

Sackur:    Berl.  klin.  Woch..  Bd.  xxix,  S.  618,  1891. 
i=iAudry:    Lyon  med.,  Apr.  15,  1888. 

122  Alfred  Berliner:    Allg.  med.  Centr.  Zeit.,  vol.  Ixxiii,  p.  612,  1904. 

Comte,  Launois  and  Mulon:    Ann.  de  gynec.  et  d'obstet.,  Jan.,  1904. 
'2*Gourfein:    Rev.  de  la  Suisse  rom..  vol.  xv,  p.  513,  1895. 

Taramasio:    Ibid.,  vol.  xxii,  p.  589,  1902. 
'""Cushny:    Loc.  cit.,  p.  643. 

Bockhart:   Monats.  f.  prakt.  Derm.,  Aug.,  1885. 
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de  Renzi,^^  Galippe'^'  and  others  found  that  the  local  application  of 
mercurial  preparations  cured  stomatitis  due  to  ingested  mercury. 
Nemser'*"  ascertained  experimentally,  through  gastric  fistulse,  that  the 
gastric  juices  had  little  or  no  effect  on  calomel,  even  when  the  salt  was 
left  in  the  stomach  over  an  hour. 

Mercurialism. — When  the  therapeutic  use  of  mercury  is 
injudiciously  prolonged  and  in  subjects  who  are  exposed  by 
their  occupations  to  the  continuous  absorption  of  this  metal, 
another  order  of  phenomena  is  introduced,  i.e.,  those  due  to 
chronic  poisoning — another  manifestation  of  uncontrolled 
metabolism.* 

The  earliest  symptoms  of  this  condition  include  a  metallic 
taste,  soreness  and  swelling  of  the  gums,  a  bluish-red  or  gray 
color  along  the  peridental  sulci  and  the  fretid  breath  which 
mark  the  onset  of  active  mercurialism.  Unless  the  use  of  the 
drug  ceases,  the  destructive  process  extends  downward  and 
around  the  teeth,  causing  these  to  fall  out;  gangrene  of  the 
gums  and  jaws,  and  haemorrhages  may  then  ensue.  The 
tongue,  the  entire  mucosa  of  the  mouth,  especially  where  it 
overlies  considerable  soft  tissue,  i.e.,  the  cheeks  and  lips, 
undergo  a  similar  destructive  process.  If  the  use  of  the  drug 
be  persisted  in,  death  may  follow  from  exhaustion  and  inani- 
tion. If  its  use  be  stopped  when  the  ulcerative  process  has 
penetrated  the  cheeks,  the  patient  remains  scarred  and  dis- 
figured. 

Gastro-intestinal  disorders,  anorexia,  nausea,  vomiting, 
gastric  pain,  colic,  diarrhoea  alternating  with  constipation,  and 
intestinal  ulceration  similar  to  that  observed  in  the  mouth  are 
also  observed.  Marked  anaemia  and  pallor,  emaciation  and 
great  muscular  weakness  occur,  even  though  gastro-intestinal 
disorders  be  mild,  and  death  may  ensue. 

All  these  phenomena  are  due  to  excessive  oxygenation 
and  to  the  proteolytic  activity  of  the  blood's  auto-antitoxin.* 
They  are  especially  marked  where  the  epithelium  of  the  gums 
is  destroyed  by  the  contact  of  "tartar,"  carious  teeth,  etc.,  and 
the  underlying  elements  are  exposed  to  the  air.*  The  adren- 
oxidase  being  greatly  in  excess  in  all  tissues,  the  air  furnishes 

*  Author's  conclusion. 
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an  endless  quantity  of  oxygen  to  its  catalytic  agent,  i.e.,  the 
adrenal  principle,  and  the  gums  and  other  tissues  arc  destroyed 
through  a  local  digestive  process.* 

The  destructive  process  is  very  active  in  the  blood,  ovi^ing 
to  the  presence  of  adrenoxidase  in  the  plasma,  and  of  the  red 
corpuscles,  which  deal  out  adrenoxidase  as  fast  as  needed  to 
sustain  the  morbid  process.*  Both  the  red  corpuscles  and  the 
leucocytes  are  actively  digested,  and  the  general  nutrition  is 
correspondingly  impaired.  The  broken-down  cells,  etc.,  being 
no  longer  converted  into  eliminable  products,  they  form  the 
fatty,  foetid  substance  found  in  the  vessels  after  death. 

That  the  proteolytic,  i.e.,  digestive  activity  of  the  blood,  is  greatly 
increased  by  mercury  has  been  sufficiently  emphasized  by  the  evidence 
already  submitted.  The  morbid  elfects  are  evidently  not  due  to  a  local 
action  of  the  drug,  since  it  is  most  likely  to  occur  when  it  is  given 
by  inimetion.  The  role  of  adrenoxidase  in  the  morbid  process  is  also 
shown  by  the  pernicious  influence  of  concomitantly-givcn  adrenalin, 
emphasized  by  Moulinier."' 

The  oxidizing  action  of  the  blood-fluids  on  mercury  has  been 
repeatedly  noticed  by  investigators.  It  has,  in  fact,  been  considered 
a  necessary  factor  of  its  combination  with  the  albumins  of  the  tissues, 
into  which,  we  have  seen,  it  is  secreted  by  tlie  leucocytes  after  being 
submitted  to  the  action  of  the  ferments — including  adrenoxidase — in 
these  cells.  Thus,  Hermann'^"^  ••'•atea  that  "we  must  suppose  some  sup- 
plementary oxidation  as  a  result  of  the  tissue  juices.'"''^  Cushny"'  also 
states  that  "even  the  metal  may  be  oxidized  and  absorbed  when  it  is 
applied  to  the  living  surfaces  or  injected  into  the  blood  in  a  state  of 
fine  division." 

That  the  destructive  action  cannot  be  a  local  one  is  shown  by  the 
smallness  of  the  dose  that  is  capable  of  producing  it,  along  with  gen- 
eral phenomena.  Thus  Lewin"^'"  reported  the  case  of  a  man  who,  after 
a  subcutaneous  injection  of  ^/^  grain  (0.010  gm. )  of  salicylate  of  mer- 
cury, had  stomatitis,  with  ulceration,  together  with  acute  nephritis 
(anuria  and  albuminuria).  The  temperature  rose  to  40°  C.  (104°  F.) 
and  death  was  barely  averted.  The  biniodide  employed  in  intra- 
uterine injections,  1  to  3000  solution,  caused  acute  mercurial  poisoning 
in  a  case  of  Young's.'^"  Inunctions  of  the  gray  ointment  are  particularly 
dangerous  in  this  connection.  Out  of  630  cases  in  which  mercurial 
ointment  was  used  by  the  medical  officer  of  a  workhouse  in  Belgium'-*' 
to  rid  the  inmates  of  vermin,  50  were  made  vei\y  ill,  one  case  proving 
fatal,  although  the  quantity  used  was  but  a  trifle  more  than  a  drachm 
(4  gms. ).  Kraus"^  observed  a  case  in  which,  after  the  second  hypo- 
dermic injection  of  0.1  gm.  (I'/j  grains)  of  calomel,  intense  intestinal 
symptoms  accompanied  by  perforation  and  anuria,  occurred.  Repeated 
1-gi-ain  (0.065  gm. )  doses  of  calomel  used  hypodermically,  caused  death 

*  Author's  conclusion. 
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in  a  case  observed  by  Runeberg.""  The  old  and  feeble  are  especially 
vulnerable  to  the  toxic  action  of  mercury. 

In  the  blood  it  is  not  the  albuminate  of  mercury  that  does  the 
harm,  but  as  stated,  the  excess  of  auto-antitoxin  which  provokes  hemo- 
lysis. That  lisemolysis  affecting  both  the  leucocytes  and  red  corpuscles 
occurs  under  the  influence  of  toxic  doses  of  mercury  was  observed 
experimentally  by  Detre  and  Sellei™  and  others.  Again,  "the  blood 
suffers  very  decidedly,"  says  Wood,"^  "becoming  more  lluid  and  watery 
than  normal."  "According,  to  the  researches  of  Wright,"  continues  the 
author,  "its  solid  constituents  are  notably  diminished,  including  albu- 
min, fibrin  and  the  red  corpuscles,  and  it  contains  a  large  quantity  of 
foetid,  fatty  material." 

Nekvous  Disorders. — The  exaggerated  proteolytic  activ- 
ity of  the  plasma,  besides  reducing  the  proportion  of  the 
blood's  corpuscles,  entails  an  untimely  consumption  of  granu- 
lations secreted  by  the  leucocytes,  including  those  supplied  to 
the  neurons  and  the  myelin  throughout  the  entire  nervous  sys- 
tem, and  to  the  muscular  elements.*  The  interference  with 
nutrition  thus  caused  may  be  followed  by  muscular  weakness, 
or  by  some  form  of  paralysis  or  shaking  palsy  when  the 
destructive  action  becomes  marked.  In  individuals  whose 
occupation  exposes  them  to  the  constant  absorption  of  the 
metal,  the  latter  may  occur  before  other  symptoms  of  mer- 
curialism,  even  stomatitis,  appear.  The  muscles  of  the  upper 
and  lower  extremities,  then  those  of  the  face  and  tongue,  are 
successively  involved  until  the  patient's  every  movement  is 
carried  out  tremblingly. 

The  brain  being  likewise  imperfectly  nourished,*  vertigo, 
hallucinations,  insomnia  and  headache,  and  in  some  cases  con- 
vulsions, owing  to  accumulation  of  toxic  wastes,  are  observed. 
The  mental  phenomena  are  peculiar :  the  patient  is  abnormally 
irritable,  timid  and  morose,  melancholia  ultimately  developing 
in  some  instances.  The  senses  are  more  or  less  influenced; 
anosmia,  amblyopia  and  deafness  being  sometimes  noted. 
Pains  in  the  muscles,  along  the  nerves  and  in  the  joints,  and 
areas  of  anassthesia  are  to  be  found  in  practically  every  case. 

The  observation  of  Wright,  that  the  blood's  solid  constituents  are 
notably  diminished,  including  albumin,  fibrin  and  the  red  corpuscles, 
has  been  confirmed  in  animals  by  Wilbouehewitch"*  and  Hughes  Ben- 
nett."' "Fibrin"  here  is  obviously  fibrinogen — the  absence  of  which 
accounts  for  the  fluidity  of  the  blood  and  the  predisposition  to  haemor- 

*  Author's  conclusion. 

"0  Runeberg:   Ibid.,  Bd.  xv,  S.  4,  1889. 
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MERCURY. 


1155 


rhages  noted  in  mercurialism.  Wood^"  says,  for  instance,  that  "in  these 
cases  passive  hsemorrhages  often  recur  again  and  again,  and  may  con- 
tribute largely  to  a  fatal  issue." 

Charcot""  considered  trembling  palsy  as  typical  of  hydrargyrism 
among  the  toxsemias  of  metallic  origin.  That,  in  addition  to  the 
hsemolysis  previously  referred  to,  the  destruction  of  myelin  also  occurs, 
was  emphasized  by  Letulle,""  who  noted  absence  of  the  sheath  composed 
of  this  substance  in  the  peripheral  nerves.  As  it  is  to  the  reaction 
between  the  phosphorus- laden  myelin  and  the  oxygen-laden  adrenoxi- 
dase  of  the  axis-cylinder  that,  as  I  have  pointed  out,  the  formation  of 
nerve  energy  is  due,  their  functions  are  necessarily  impaired.  The  axis- 
cylinder  was  found  unharmed,  however,  by  this  investigator — a  normal 
result,  since,  as  I  have  shown,  it  contains  only  adrenoxidase-laden 
plasma.  The  other  constituents  of  auto-antitoxin  being  absent,  the 
adrenoxidase  is  harmless. 

Acute  Poisoning. — This  is  usually  due  to  the  ingestion  of 
corrosive  sublimate.  When  a  large  toxic  dose  of  the  salt  has 
been  taken,  the  first  symptoms  are  usually  localized  in  the 
tissues  over  which  the  poison  passes,  these  being  the  seat  of 
marked  irritation  or  corrosion.  A  sharp  metallic  taste,  a  bvim- 
ing  sensation  in  the  mouth,  pharynx,  oesophagus  and  stomach, 
nausea  and  vomiting  follow  one  another  in  more  or  less  rapid 
succession,  the  vomited  matter  often  containing  blood.  There 
is  also  violent  diarrhoea  v/ith  tenesmus,  the  stools  containing 
shreds  of  mucous  membrane  and  blood,  accompanied  by  severe 
pain  in  the  stomach  and  abdomen. 

Sooner  or  later  the  symptoms  of  general  poisoning  appear: 
there  is  great  prostration,  the  pulse  is  soft,  small,  rapid,  and 
perhaps  irregular,  the  respiration  is  shallow  and  rapid,  the 
skin  grows  cold  and  clammy,  there  is  almost  complete  anuria, 
the  temperature  is  subnormal,  and  the  patient  passes  rapidly 
into  coma,  dying  sometimes  within  an  hour.  This  constitutes 
the  symptom-complex  of  excessive  activity  of  the  adrenal  system 
and  of  the  intense  vasoconstriction  (due  to  hypermetabolism  in 
the  vessel  walls,  especially  the  muscularis)  which  results.  The 
caliber  of  the  vessels  which  admit  blood  into  the  pituitary,  thy- 
roid and  heart  being  greatly  reduced,  the  functions  of  these 
organs  are  inhibited,  and  the  vital  process  is  arrested.* 

When  the  quantity  ingested  is  not  very  large,  the  gastro- 
intestinal symptoms  occur,  but  the  prostration  fails  to  lapse 
into  coma,  the  constriction  of  the  arterioles  being  inadequate 

*  Author's  conclusion. 
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to  arrest  the  vital  functions.  Within  a  period  varying  from 
one  to  twenty-four  hours,  therefore,  the  symptoms  described 
under  "Mercurialism"  appear,  including,  in  some  cases,  marked 
trembling.  The  renal  symptoms  are  very  marked,  and  sup- 
pression of  urine  may  begin  within  a  few  hours  (owing  now 
to  acute  nephritis,  in  which  the  convoluted  tubules  are  mainly 
involved)  and  persist  to  the  end.  In  most  instances  the  anuria 
disappears  within  twenty-four  hours,  but  the  urine  is  then 
found  to  contain,  if  the  intoxication  be  sufficiently  severe, 
hyaline  and  epithelial  casts  and  more  or  less  albumin.  The 
salivation,  stomatitis  and  glossitis  are  no  less  marked  than  in 
mercurialism.  The  convalescence  may  last  several  weeks,  dur- 
ing which  the  patient  may  lose  several  teeth,  a  large  quantity 
of  hair  and  become  considerably  emaciated. 

When  the  poison  is  introduced  into  the  system  through 
wounds,  with  the  dressings,  or  through  mucous  surfaces,  the 
vagina  or  rectum,  by  injections,  the  gastro-intestinal  disorders 
appear  nevertheless,  but  later  in  the  history  of  the  case,  and 
generally  along  with  the  renal  symptoms. 

The  corrosive  action  of  bichloride  of  mercury,  especially  on  mucous 
membranes,  is  well  known.  Even  the  skin  may  succumb  to  it.  "When 
very  strong  solutions  come  in  contact  with  tender  parts  of  the  skin," 
says  Cushny,"'  "and  in  particular,  when  the  salt  itself  is  allowed  to 
lie  in  contact  with  it  for  any  length  of  time,  deep  corrosion,  necrosis 
and  sloughing  may  follow." 

The  process  through  which  the  other  symptoms  described  are  pro- 
duced is  similar  to  that  which  prevails  in  "mercurialism." 

This  identical  corrosive  action  is  that  which  causes  the  bichloride 
to  act  with  greater  violence  than  the  other  salts  of  mercury,  as  a  toxic. 
Being  transmitted  to  the  test-organ  by  leucocytes,  it  is  probable  that 
it  reaches  this  organ  but  slightly,  if  at  all,  modified  by  the  auto-anti- 
toxin in  these  cells,  since,  as  observed  by  Stassano,"*  the  sublimate  in 
leucocytes  derived  from  the  blood  of  dogs  poisoned  with  this  salt,  can 
be  converted  into  the  red  iodide  by  appropriate  treatment.  Again, 
though  as  stated  by  Carles'"  notwithstanding  the  "marked  resistance 
to  the  action  of  poisons  which  kill  all  other  cells,"  they  are  themselves 
killed  or  weakened  under  the  influence  of  very  active  poisons.  In  acute 
poisoning,  therefore,  the  sudden  invasion  of  the  blood  by  the  toxic 
endows  it  with  almost  as  active  irritating  properties  as  the  toxic  itself. 
Such  blood  is  no  longer,  like  the  albuminate,  an  inert  agent,  and  its 
action  on  the  adreno-thyroid  center  being  active  in  proportion,  so  great 
a  volume  of  auto-antitoxin  accumulates  in  the  blood  that  tlie  vascular 
disorders  described  in  the  general  text  are  produced.  Hence  the  intense 
capillary  hypersemia  observed  in  various  organs,  and  the  erythema, 
dermatitis,  (Edematous  swellings,  etc.,  to  which  mercurialization  gives  rise. 


"'Cushny:    Loc.  cit.,  p.  643. 
'**Stassano:   Loc.  cit. 
Carles:   Loc.  cit.,  p.  85. 
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The  treatment  of  poisoning  hj  mercury  is  described  in  a 
special  section  at  the  end  of  tliis  volume. 

Therapeutics. — The  beneficial  effects  of  mercnry  are 
obtained  with  doses  which  increase  sufficiently  the  auto-anfi- 
toxin  of  the  blood  to  destroy  the  cause  of  the  disease,  whether 
it  be  a  microorganism  and  its  toxins  or  endotoxins,  toxic  waste 
products,  etc.*  When  this  limit  is  exceeded,  mercury  is  a 
poison:  it  raises  the  functional  activity  of  the  adrenal  center 
to  such  a  pitch  that  the  body's  auto-protective  system  is  con- 
verted into  an  auto-destructive  system.* 

In  syphilis,  a  disease  in  which,  owing  to  the  mode  of  infec- 
tion, the  adrenal  system  is  for  a  time  inactive,*  each  case 
requires  a  given  quantity  to  excite  the  test-organ,  and  this 
quantity  must  be  carefully  adjusted  to  the  needs  of  the  condi- 
tion present,  the  object  being  to  raise  the  immunizing  potential 
of  the  blood  to  the  degree  required  to  destroy  the  pathogenic 
elements,  but  not  beyond.* 

Mercury  has  been  used  in  syphilis  by  some  clinicians  on  the  gen- 
eral principle  that  the  quantity  introduced  into  the  system  would 
antagonize  a  correspondingly  active  morbid  process.*  Being  a  formid- 
able malady,  it  is  thought  that  "a  greater  impression  is  made  on  the 
disease" — using  the  words  of  a  recent  writer — ^when  large  quantities 
are  administered  by  inunctions,  subcutaneously,  etc.  As  will  be  shown, 
this  is  quite  unnecessary  and  may  prove  very  harmful. 

Owing  to  the  external  use  of  mercurial  preparations  as 
antiseptics,  the  belief  that  they  might  act  similarly  in  bilious- 
ness, g astro-enteritis,  summer  diarrhoea,  etc.,  has  caiised  them 
to  be  tried,  and,  in  many  instances,  with  gratifying  results. 
These  should  not  be  attributed  to  a  direct  action  of  the  prep- 
arations used,  but  to  their  influence  on  the  test-organ,  and  to 
the  bacteriolytic  and  antitoxic  action  of  the  blood's  auto-anti- 
toxin, the  production  of  which  they  promote.*  By  enhancing 
metabolism,  small  doses  have  likewise  proven  valuable  in 
ancemia,  sthenic  inflammation,  and  kindred  disorders. 

This  is  well  shown  in  the  condition  known  as  "biliousness,"  due 
to  hypocatabolism  of  physiological  toxic  wastes;  10  grains  (0.66  gra.) 
of  blue  mass,  followed  by  a  saline  aperient  to  remove  any  excess  of  the 
drug  in  the  intestine,  promptly  corrects  this  disorder  by  stimulating  the 
body's  auto-protective  mechanism.  Such  a  large  dose  is  not  needed, 
however,  to  insure  this  action:  Vio  grain  (0.0065  gm.)  of  calomel  with 
little  soda  bicarbonate  every  hour,  five  times,  will  act  as  efficiently, 
since  a  minute  dose  sulBces  to  excite  the  test-organ.    If  flushing  of  the 


*  Author's  conclusion. 
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intestine  is  desired,  i.e.,  a  copious  flow  of  antitoxic  intestinal  juice  in 
addition  to  the  hepatic  action,  larger  doses:  Vo  to  V2  grain  (0.01  to 
0.03  gm. )  every  15  or  30  minutes  until  1  or  2  grains  (0.065  to  0.1 
gin.)  are  taken,  may  be  ordered.  In  the  gasiro-enteritis  due  to  the 
presence  of  fermentative  toxic  products  of  digestion  Vco  to  Veo  grain 
(0.0013  to  0.001  gm.)  doses  of  the  yellow  oxide  in  sugar  of  milk,  or 
in  the  summer  diarrhoea  Vwo  grain  (0.C0013  gm.)  of  the  bichloride 
every  hour  in  solution  until  relief  is  obtained,  are  very  effective  through 
a  similar  process.  In  gastric  irritation  from  the  same  cause,  or  where 
there  is  also  vomiting,  either  in  adults  or  children,  Vioo  grain  (0.00065 
gm. )  of  the  bichloride  is  often  curative  given  every  hour  five  times, 
then  at  longer  intervals ;  provided,  of  course,  dietetic  errors  be  corrected. 
In  gastric  ulcer  Vco  to  V30  of  the  bichloride  before  meals  promotes 
cicatrization  of  the  ulcers. 

To  inci'ease  the  nutrition  in  asthma,  especially  in  children  in 
whom  the  stools  are  pasty  and  ill-smelling,  Voo  grain  (0.001  gm.)  given 
every  hour  five  times,  and  repeated  at  one  week's  interval,  is  very  bene- 
ficial. The  powder  may  be  mixed  with  a  little  sugar  and  applied  to 
the  tongue.  In  anwmia  Voo  to  Vm  grain  (0.001  to  0.0016  gm. )  of  the 
bichloride  three  times  daily  is  of  recognized  value.  Mercurials  were 
long  in  favor  to  counteract  sthenic  inflammation,  but,  except  in  iritis 
due  to  syphilis,  are  now  seldom  employed.  The  use  of  excessive  doses 
accounts  for  this  fact,  very  small  doses  alone  being  indicated. 

The  bacteriolytic  and  antitoxic  activity  which  the  blood 
and  the  intestinal  juices  acquire  under  the  influence  of  mer- 
curials, accounts  for  the  beneficial  effects  observed  in  various 
infectious  diseases,  typhoid  fever,  diphtheria,  acute  tonsil- 
litis, puerperal  septiccemia,  etc. 

In  typhoid  fever  German  practitioners  give  10  grains  (0.66  gm.) 
of  calomel  dailj^  for  three  days.  Others  have  also  found  that  small 
doses,  Vio  grain  (0.0065  gm. ),  four  times  in  the  twenty-four  hours 
diminished  considerablj^  the  intensity  of  the  disease  and  its  duration. 
The  Germans  regard  the  drug  as  an  antipyretic,  owing  to  the  effects 
observed.  In  the  light  of  my  views  the  reduction  of  the  temperature 
is  due  to  the  fact  that  the  pathogenic  organisms  and  their  toxins  are 
greatly  reduced  through  the  increased  activity  of  all  immunizing  pro- 
cesses. Among  others,  Rondot""  observed  a  decided  shortening  of  the 
disease  in  21  cases,  and  diminution  of  the  severity  of  the  symptoms  by 
the  use  of  V12  grain  (0.005  gm. )  of  bichloride  daily,  divided  in  very 
small  doses  given  at  short  intervals. 

Ackley"^"  found  that  a  mixture  of  7,^  to  Ww  grain  (0.005  to  0.0065 
gm.)  of  tlie  biniodide  and  10  grains  (0.66  gm. )  of  saccharated  pepsin 
every  six  hours  checked  the  marked  symptoms  and  greatly  shortened 
the  duration  of  the  disease. 

Before  antitoxin — which  should  always  be  given  the  preference 
when  available — was  introduced,  one  of  the  most  effective  agents  in 
diphtheria  was  calomel  in  large  doses.  The  c^'anide,  Vioo  to  grain 
(0.00065  to  0.0013  gm.),  every  hour,  or  the  bichloride,  to  Vio  grain 
(0.0016  to  0.0065  gm.),  can  be  given  one  or  two  days,  even  to  children, 
with  less  danger  of  causing  salivation.  The  simultaneous  use  of 
depressing  drugs  should  be  avoided. 


i^Rondot:  Gaz.  heb.  des  Sci.  med.;  Boston  Med.  and  Surg.  Jour.,  Feb.  23, 
1888. 

isiAckley:    Pittsburgh  Med.  Rev.,  June,  1890. 
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Daly"*  recommended  Reiter's  method:  2  to  5  grains  (0.13  to 
0.3  gm.)  of  calomel  every  hour  until  the  stools  acquire  a  greenish  hue, 
when  the  intervals  are  lengthened.  Sellden"^  reported  1400  cases  treated 
by  colleagues  and  himself  with  the  cyanide  of  mercury,  in  which  the 
mortality  was  only  4.9  per  cent.  A  teaspoonful  of  a  1  in  10,000  solu- 
tion was  given  every  half  to  one  hour,  according  to  the  age  of  the  child. 
The  importance  of  avoiding  other  drugs  is  that  various  agents  that  have 
been  tried  in  diphtheria  tend  to  depress  the  protective  functions. 

Among  other  disorders  distinctly  influenced  by  mercurials 
owing  to  the  increase  of  immunizing  substances  their  use  pro- 
vokes, are  acuie  tonsillitis,  puerperal  septicwmia,  the  exanthe- 
mata of  childhood,  and  cerebrospinal  meningitis. 

IODINE  AND  THE  IODIDES. 

Physiological  Action. — Iodine  and  its  preparations,  in 
Avhatever  way  administered,  are  taken  up  by  the  leucocytes, 
and  it  is  through  the  intermediary  of  these  cells  that  they — 
or  rather  the  substances  into  which  the  leucocytes  convert 
them — penetrate  into  the  circulation.  The  thyroid  and  para- 
thyroid glands  being  the  organs  which  utilize  iodine  for  the 
elaboration  of  their  secretion,  thyroidase,  all  the  iodine  ingested 
with  foods  is  distributed  to  these  glands.  When  iodine  or  its 
preparations  are  administered,  however,  these  organs  do  not 
necessarily  utilize  the  quantity  ingested;  as  iodine  is  one  of 
the  substances  which  the  body  stores  for  future  use,  they  admit 
only  enough  blood  (and,  therefore,  iodine-laden  leucocytes)  to 
supply  their  momentary  need.*^^*  As  a  result,  the  thyroidase 
cannot  become  overrich  in  iodine;  its  sensitizing  influence  on 
all  the  cellular  elements  of  the  body,  including  those  of  the 
pituitary,  and  its  stimulating  action  on  the  test-organ  of  the 
latter  are  always  the  same  under  normal  conditions.*  If  from 
any  cause,  however,  the  food  fails  to  supply  enough  iodine  to 
satisfy  the  needs  of  the  thyroid  apparatus,  therapeutic  doses 
of  this  halogen  prove  beneficial  through  this  apparatus,  by 
enabling  it  to  restore  to  the  blood  what  proportion  of  thy- 
roidase it  may  be  lacking.* 

The  main  therapeutic  action  of  iodine  and  its  prepara- 
tions, however,  is  of  another  kind.  It  is  due  to  the  direct 
action  of  the  iodine  compound  (secreted  by  the  leucocytes 

*  Author's  conclusion. 

i^-Daly:    "Trans.  Amer.  Laryn.  Assoc.,"  vol.  viil,  p.  73,  1886. 
i^Sellden:    Wiener  nied.  Presse,  Bd.  xxix,  S.  522,  1888. 
1"  Vf.  this  vol.,  p.  1087  et  seq. 
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which  have  failed  to  be  admitted  in  the  thyroid  and  parathy- 
roid) upon  the  test-organ  and  stimulation  of  the  latter.*  As 
this  causes  overactivity  of  the  adrenals  and  a  corresponding 
increase  of  adrenoxidase  in  the  blood,  general  metabolism 
becomes  more  active.  As  a  result,  nutrition  is  improved,  the 
processes  of  repair  are  hastened,  and  the  bacteriolytic  and  anti- 
toxic powers  of  the  blood  are  greatly  enhanced.* 

Therapeutic  doses  of  iodine,  or  its  salts,  do  not  cause 
emaciation,  and  do  not  influence  either  the  blood-pressure  or 
the  pulse. 

The  manner  in  which  iodine  is  taken  up  by  the  leucocytes  in  the 
intestinal  canal  and  the  blood;  the  relationship  between  these  cells  and 
the  thyroid  apparatus,  and,  finally,  the  mode  of  action  of  the  iodine- 
laden  secretion  of  the  latter  on  the  test-organ,  were  treated  in  the  pre- 
ceding chapter. 

As  to  the  influence  of  iodine  upon  metabolism,  Nothnagel  and 
Rossbach,"^  alluding  to  the  eiTects  of  tlie  iodides  on  nutrition,  write: 
"During  a  certain  period  the  conviction  that  iodine  and  potassium  iodide 
produced  emaciation  was  such  that  all  the  theories  on  the  mode  of 
action  of  iodine  were  based  on  that  idea.  But  this  view  has  been 
actively  eombatted  (Ricord,  Boinct,  Wvmderlich ) ,  and  it  was  finally 
concluded  that  K  I  not  only  did  not  cause  emaciation,  but  that,  con- 
versely, it  caused  fattening."  In  truth,  both  views  are  sound.  As 
stated  by  Manquat:""  "Emaciation  is  an  inconstant  symptom,  it  is 
true,  but  it  is  often  witnessed,  especially  with  larger  doses  than  2  gms. 
(30  grains)  daily.  With  very  small  doses  (0.25  gm. — 4  grains)  it 
is  not  only  not  to  be  feared,  but  there  occurs  greater  activity  of  the 
circulation,  and  secondarily  of  the  nutrition,  particularly  of  the  myo- 
cardium."  In  other  words,  large  doses  produce  emaciation  and  small 
doses  enhance  nutrition.  This  corresponds  with  the  apparently  con- 
tradictory results  as  to  the  excretion  of  nitrogenous  and  other  wastes: 
While  Rabuteau,  Milanesi  and  Bouchard,''''  Henri  jean  and  Corin,"^  and 
others,  noted  an  increase  of  nitrogen  output,  Handfield  Jones,"'"  in  a 
series  of  six  cases,  noted  an  increase  in  only  three  patients,  while  the 
other  three  showed  a  decrease — all  taking  large  doses  of  jjotassium 
iodide. 

All  these  discordant  observations  assume  a  normal  aspect  in  the 
light  of  my  views:  when  the  doses  are  small  the  test-organ  is  stim- 
ulated just  enough  to  enhance  nutrition,  while  large  doses,  by  stimulat- 
ing it  too  actively,  excite  hj'permetabolism,  i.e.,  excessive  consumption 
of  tissue  elements  and  wasting.  That  such  is  the  case  is  further  shown 
by  the  fact  referred  to  by  Wood'™  and  Cushny,'"'-  that  iodine  sometimes 
causes  fever. 


*  Author's  conclunion. 

Nothnagel  and  Rossbach:  "Mat.  mfidicale  et  therap.,"  sixth  edition,  p. 
270,  1889. 

Manquat:    "Therapeutique,"  vol.  ii,  p.  100,  1903. 
1"  Bouchard:    C.  r.  de  la  Soc.  de  biol.,  pp.  227,  237,  1873. 

Henrijean  and  Corin:    Arch,  de  Pharmacodyn.,  T.  ii,  1S96. 
1™  Handfield  Jones:    Bcale's  Arch.,  vol.  i,  cited  by  Wood:  "Therapeutics," 
thirteenth  edition,  p.  502,  1906. 

""Wood:    "Therapeutics,"  thirteenth  edition,  p.  499,  1906. 

1"  Cushny:    "Pharmacol,  and  Therap.,"  fourth  edition,  p.  514,  1906. 
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delicate  vessels  not  being  supplied  with  a  muscular  coat  or 

vasomotor  nerves,  are  not  morbidly  influenced  as  are  the 

others,*  but  they  suffer  indirectly:  the  arteries  and  veins,  by 

contracting  inordinately,  drive  the  blood  into  them  and  cause 

passive  dilation.*    So  great  is  the  pressure  in  some  cases,  that 

the  i^lasma  is  forced  out  of  the  capillary  walls  in  relatively 

large  quantities — sufficient,  in  fact,  to  cause  oedema  of  the  face, 

larynx,  pleura,  lungs,  etc.,  and  even  to  provoke  their  rupture, 

as  shown  by  the  ecchymosis,  hgemorrhages,  hsematuria,  purpura, 

monorrhagia,  metrorrhagia,  etc.,  witnessed. 

E.  Cyon'-'"  also  lays  stress  on  the  fact  that  it  is  a  grave  error 
to  consider  iodine  as  a  vasodepressor.  The  prevailing  view  that  iodine 
and  its  preparations  lower  the  blood-pressure  is  due  to  a  deplorable 
habit  (deplorable  in  the  sense  that  it  has  contributed  greatly  to  obscure 
our  knowledge  of  the  action  of  all  drugs)  into  which  experimenters 
have  fallen,  of  taking  as  standard  the  poisonous  effects  of  a  remedy  for 
its  therapeutic  action.  Thus  I  have  before  me  the  protocol  of  experi- 
ments by  an  eminent  therapeutist  in  which  0.25  gm.  (3*/io  grains)  per 
kilo  of  animal  are  administered  to  rabbits  to  illustrate  the  therapeutic 
action  of  potassium  iodide.  An  equivalent  dose  to  an  average  adult  (70 
kilos)  would  thus  be  17.5  gms.  (270  grains).  Of  course,  he  obtained 
vasodilation  in  five  minutes — but  dilation  of  the  capillaries  only,  as 
we  will  see.  Now,  See  and  Lapicque"^  found  that  certain  proportions 
of  the  various  iodides  per  kilo  of  animal  were  necessary  to  produce  such 
vasodilator  effects.  Adapting  their  figures  (the  first  column)  to  an 
adult  of  70  kilos,  the  proportions  used  by  the  imnamed  investigator  to 
exemplify  the  therapeutic  action  of  the  drug,  would  be  those  given  in 
the  second  column: — 


Example    of  experi- 
mental "therapeutic" 
dose  iu  animals. 

Equivalent  of  supposed 
"therapeutic"    dose  in 
adult  man. 

Iodide  of  Sodium  

0.32  gm. 
0..30  " 
0  32  " 
0.24  " 
0.27  " 
0.23  " 

22.4  gnis.  =  346  grains 
21.     "     =  324  " 
22.4    "      =  346  " 

16.8  "      =  259 

18.9  "      =  291  " 
16.1    "      =  248  " 

Such  a  dose,  suddenly  thrown  into  the  circulation,  in  no  way 
illustrates  the  mode  of  action  of  iodine  preparations  used  therapeu- 
tically, especially  when  administered  orally — not  even  when  large  quan- 
tities are  given.  Prfivost  and  Binet'™  and  others  who  have  observed 
"vasodilation"  specify,  moreover,  that  it  was  produced  by  large  doses. 

As  to  the  irritating  influence  of  iodine  (accumulated  in  the  blood) 
on  living  elements,  it  is  not  only  exemplified  by  the  irritating  action  of 
iodine  on  the  skin  and  mucous  membranes,  but  also  by  the  irritation 
attending  its  elimination  through  the  skin,  kidneys,  etc.    As  to  its 


*  Author's  conclusion. 
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IODINE  AND  IODIDES. 


1163 


influence  on  vessels,  von  Zeiss!""  found  that  when  iodine  was  injected 
into  the  carotid  of  dogs,  the  blood-pressure  rose  intensely,  producing 
oedema  not  only  of  the  brain,  but  also  of  the  lungs.  This  is  ascribed 
to  a  direct  action  on  the  vessels.  Although  violent  stimulation  of  the 
test-organ  doubtless  assisted  in  provoking  such  excessive  vasoconstric- 
tion, the  fact  remains  that  the  local  irritation  contributed  materially 
as  cause.  The  production  of  excessive  vasoconstriction  is  well  shown 
by  a  case  of  fatal  poisoning  following  the  injection  into  an  ovarian  cyst, 
reported  by  Rose."'  At  the  autopsy  he  found  that  even  comparatively 
large  arteries  were  completely  occluded.  BogolopofT,"-  on  the  other 
hand,  observed  microscopically  that  in  frogs,  into  which  a  solution  of 
potassium  iodide  had  been  injected,  the  capillaries  were  markedly 
dilated. 

The  production  of  oedema  and  interstitial  hsemorrhage  could  be 
illustrated  by  a  large  number  of  cases  on  record.  In  a  case  reported 
by  Milian,"^  for  example,  6  gms.  (90  grains)  daily  brought  on  at  the 
end  of  six  days,  an  ecchyniosis  and  large  submucous  haemorrhage  of  the 
palate.  Wallace"''  observed  pleural  exudation  and  pulmonary  oedema 
after  prolonged  treatment.  (Edema  of  the  glottis  may  be  brought  on 
by  45-grain  (3  gm.)  doses  (Fenwick),  or  much  larger  doses;  but 
smaller  doses  have  also  caused  it:  15  grains  (1  gm.)  in  cases  reported 
by  Nelaton,  Fournier,  Huchard,  Rosenberg;  or  small  doses  in  cases 
reported  by  Fournier,  La  Barcerie  and  Guillemet.  In  all  these  cases, 
of  course,  the  remedy  had  been  used  during  a  more  or  less  prolonged 
period.  The  brain  may  also  become  hyperfemic.  Sokolowski,"'^  in  ani- 
mals trephined  after  the  administration  of  large  doses  of  potassium 
iodide,  found  the  cerebrum  gorged  with  blood.  This  accounts  for  the 
observation  of  Rilliet  that  iodine  could  cause  a  sort  of  drunkenness 
attended  with  excitement,  tinnitus,  palpitations  and  even  convulsions, 
and  for  the  cases  of  cerebral  hoemorrhage  reported  by  Hallopeau.""  This 
excessive  vasoconstriction  may  even  entail  death,  as  in  a  case  observed 
by  Franz,"'  in  which  1  gm.  (15  grains)  doses  led  to  acne,  ulceration 
of  the  nares,  abscesses,  etc.,  and  finally  death  by  double  hydrothorax  and 
pulmonary  oedema. 

lodism. — This  condition  is  due  to  the  presence  of  an 
excess  of  iodine  in  the  blood  over  and  above  the  aggregate  of 
this  halogen  required  by  the  body  at  large.*  This  aggregate 
is  represented  by  the  iodine  contained  in  the  thyroid  and  para- 
thyroids, the  red  corpuscles  (which  take  up  their  thyroidase) 
and  what  reserve  the  body  fluids  and  the  difl^erent  organs  can 
accommodate. 

Although,  on  the  whole,  large  quantities  of  iodine  or  its 
salts,  whether  given  in  one  dose  or  in  many  small  doses,  are 
more  likely  to  cause  iodism  than  small  quantities,  the  question 

*  Author's  conclusion. 

""von  Zeissl:    Zeit.  f.  klin.  Med.,  Bd.  xxvii,  S.  363,  1895. 
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des  Sci.  med.,  vol.  x,  p.  92,  1877. 

i"Milian:    Presse  med.,  Sept.  30,  1899. 
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"^  Sokolowski:    Ibid.,  p.  269. 
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of  dose  is  subsidiary  to  the  condition  of  the  patient.  A  very 
small  quantity  may  thns  produce  iodism  merely  because  the 
patient's  asset  in  iodine  is  up  to  its  maximum  limit* — his 
supposed  "iodiosyncrasy."*  This  is  particularly  the  case  in 
subjects  whose  thyroid  apparatus  is  only  able,  owing  to  local 
disorders  (goiter,  for  example)  or  deficient  development,  to 
take  up  a  small  proportion  of  this  halogen.*  Any  condition 
which  inhibits  more  or  less  its  excretion  also  predisposes  a 
patient  to  iodism,  by  causing  his  asset  to  remain  high.* 

The  two  physiological  effects  of  iodine  on  the  test-organ 
(the  direct  action  plus  the  sensitizing  action  of  the  thyroidase 
which  acquires  its  normal  (but  not  maximum)  power  during 
the  use  of  iodine)  causing  it  to  react  violently,  the  adrenals  are 
stimulated  with  corresponding  vigor  and,  the  excess  of  iodine 
in  the  blood  aiding,  abnormal  vasoconstriction,  produced  in  the 
manner  described,  occurs.  This  abnormal  vasoconstriction 
is  the  direct  factor  in  the  production  of  iodism,  and  may  give 
rise  to  four  classes  of  morbid  phenomena:  (1)  passive  engorge- 
ment or  congestion  of  all  capillaries;  (2)  oedema,  when  the 
engorgement  becomes  excessive;  (3)  ecchymoses  and  haemor- 
rhages when  the  walls  of  the  capillaries  are  ruptured;  and  (4) 
arrest  of  function  and  nutrition  when  the  vasoconstriction  is 
such  as  to  reduce  or  arrest  the  flow  of  blood  to  the  tissues. 

The  group  of  morbid  phenomena  due  to  capillary  engorge- 
ment includes:*  in  the  respiratory  tract,  coryza,  antral  and 
frontal  pain,  pharyngitis,  tonsillitis,  cough,  hoarseness,  tracheo- 
bronchitis and  pulmonary  congestion;  in  the  nervous  system, 
headache,  insomnia,  delirium,  neuralgia,  neuritis,  pleurodynia; 
in  the  muscular  system,  myalgia,  tremor,  twitching  and  spasm 
(the  spinal  centers  being  likewise  hypersemic) ;  in  the  organs 
of  special  sense,  conjunctivitis,  dacryocystitis,  tinnitus  aurium, 
deafness,  perversions  of  taste;  in  the  digestive  system,  gastric 
irritation,  vomiting  and  diarrhoea;  in  the  skin,  pruritus,  ery- 
thema and  dermatitis;  in  the  urinary  system,  polyuria, 
albuminuria  and  nephritis;  in  the  glandular  organs,  salivation, 
parotitis  and  hepatitis  with  icterus.  Less  frequently  seen  are 
the  cedematous  infiltrations :  oedema  of  the  larynx,  palate,  pleura 
and  lungs,  and  of  the  lids,  lips,  neck,  and  even  the  entire  sur- 
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face.  Eupture  of  the  capillaries  under  the  stress  of  the  blood- 
pressure  is  denoted  by  more  or  less  extensive  ecchymoses  some- 
times involving  large  areas,  epistaxis,  hgemoptysis,  hsematuria, 
menorrhagia  and  ha^morrhagic  purpura. 

The  fourth  group,  due  to  excessive  initial  vasoconstriction, 
thus  obliterating  or  reducing  more  or  less  local  blood-supply 
and  depressing  functional  activity,*  includes  as  to  the  brain, 
somnolence,  intellectual  torpor,  vertigo,  loss  of  memory,  hebe- 
tude, hypochondria,  and  melancholia;  as  to  the  spinal  system 
and  muscles,  adynamia,  muscular  flaccidity,  incoordination, 
paralyses,  a  sensation  of  weight  in  the  limbs;  as  to  the  ali- 
mentary canal,  constipation;  as  to  the  skin,  cyanosis,  ulceration 
and  necrosis.  Nutrition  may  thus  be  impaired  sufficiently  under 
the  prolonged  use  of  iodides  to  produce  atrophy,  especially  of 
the  inammge  and  testicles. 

Cutaneous  eruptions  of  various  kinds,  papular,  vesicular, 
eczematous,  erysipelatous,  pustular,  etc.,  may  appear  during 
the  administration  of  iodine  or  its  salts,  especially  of  the 
potassium  iodide.  The  presence  of  several  of  these  eruptions 
coincides  with  that  of  other  symptoms  of  iodism  and  with 
abnormal  vasoconstriction ;  they  are  due  to  the  fact  that  the  latter 
condition,  by  causing  retention  of  the  drug  in  the  capillaries 
of  the  skin,  promotes  therein  disorders  similar  to  those  pro- 
duced by  external  applications  of  iodine.  The  multiplicity  of 
cutaneous  disorders  is  due  to  the  presence  in  these  capillaries 
of  different  kinds  of  wastes:  alloxuric  bases,  hypocatabolized 
cellular  debris,  various  acids,  etc.,  each  of  which  affects  the 
cutaneous  elements  in  its  own  way.  The  underlying  cause  of 
all  these  eruptions,  therefore,  is  the  same  as  in  all  phenomena 
witnessed  in  iodism,  viz.,  abnormal  vasoconstriction.* 

All  these  phenomena,  and  the  excessive  constriction  of  the 
arteries,  would  not  occur  were  iodine  able  to  excite  the  thyro- 
pressor  nerve.*  But  such  is  not  the  case.  Even  when  taken 
in  doses  sufficient  to  produce  acute  poisoning,  iodine  and  its 
preparations  fail  to  increase  the  secretory  activity  of  the 
thyroid.*  Were  it,  in  fact,  otherwise,  this  organ  would  waste 
its  product  whenever  its  own  pabulum,  iodine,  would  enter 
the  blood.* 


•  Author's  conclusion. 


1166  INTERNAL  SECRETIONS  IN  PHARMACODYNAMICS. 


That  retention  of  iodine  must  prove  deterimental  is  suggested  by 
the  proportion  eliminated.  In  a  case  treated  by  H.  C.  Wood"*  265 
grains  (17  gms.)  were  recovered  daily  by  Marshall  from  the  urine  alone, 
out  of  360  grains  (24  gms.)  administered.  According  to  Wood,  "See 
states  that  the  elimination  is  apt  to  be  irregular,  so  that  the  drug  may 
accumulate  in  the  system."  Cushny""  says,  moreover,  that  among  the 
conditions  "which  favor  the  onset  of  symptoms,  is  a  slow  excretion  of 
the  iodine  such  as  is  observed  in  some  forms  of  renal  irritation." 

As  to  the  quantities  of  iodine  or  its  salts  which  produce  iodism, 
the  comprehensive  research  of  Briquet*^'"  in  several  hundred  cases,  led 
to  the  conclusion  that  "the  greater  the  dose  of  any  iodide,  the  greater 
the  likelihood  that  iodism  Ysfill  appear,  and  that  the  symptoms  will  be 
severe" — contrary  to  the  prevailing  opinion.  He  cites,  moreover,  cases 
reported  by  Bresgen,  Negre  and  Petitjean  in  which  large  doses  would 
produce  it,  while  smaller  doses  would  not.  According  to  my  own 
interpretation  of  its  effects,  the  nearer  the  patient's  condition  approxi- 
mates normal  health,  the  greater  are  the  chances  of  his  developing 
iodism.  I  have  not  only  observed  this  fact  clinically,  but  Ricord,  Jullien 
and  Wood,  according  to  Briquet,  have  observed  that  syphilitics  appear, 
on  the  whole,  to  be  practically  immune  to  the  morbid  efTects  of  the 
iodides  as  compared  to  others.  There  is  no  doubt,  moreover,  that  very 
small  doses  can  produce  iodism  in  accord  with  the  prevailing  view.  In 
one  of  my  goitrous  cases,  less  than  1  minim  (0.063  c.c. )  of  the  tincture 
of  iodine  daily  produced  it;  Rillief"-  observed  that  even  sea-air  and 
cod-liver  oil  sufficed  to  awaken  morbid  phenomena  in  these  cases. 
Gautier'"  confirmed  the  observation  as  to  the  influence  of  the  sea-shore, 
and  refers  to  a  case  in  which  poisoning  followed  "the  application  of 
iodine  dressing  to  a  tooth  by  a  dentist."  The  reason  for  this  becomes 
self-evident  if  interpreted  from  my  standpoint.  While  Baumann™  found 
that  the  amount  of  iodine  in  the  thyroid  was  greatly  reduced  when  this 
organ  was  diseased,  Ewald'**  observed  that  in  advanced  colloid  degen- 
eration of  the  gland  only  traces  of  iodine  were  present.  The  loss  of 
the  body's  great  storehouse  for  this  halogen  accounts  for  its  accumula- 
tion in  the  blood  and  the  readiness  with  which  morbid  phenomena  are 
produced.  This  indicates  how  the  organism  resents  even  minute  quanti- 
ties when  they  exceed  the  physiological  limit.  Indeed,  irrespective  of 
the  presence  of  goiter,  small  doses  may  also  provoke  iodism.  Hynes^®' 
reported  a  case  in  which  3-grain  (0.2  gm.)  doses  brought  on  haemor- 
rhagic  rash;  and  H.  C.  Wood'*'  one  in  which  6  grains  (0.4  gm.)  daily 
brought  on  violent  conjunctivitis  with  facial  oedema. 

The  presence  of  iodine  in  the  cutaneous  secretions  has  been  shown 
by  R.  W.  Taylor,'"  and  other  observers  have  found  it  in  the  saliva,  nasal 
secretion,  milk,  etc.  Its  morbid  influence  in  the  production  of  the  cuta- 
neous disorders  during  elimination  is  generally  recognized.  Cushny"^** 
writes:  "That  a  similar  action  on  the  skin  may  be  induced  by  iodine 
and  iodides  is  shown  by  the  application  of  iodine  to  the  skin,  being  often 
followed  by  eruptions  which  are  not  confined  to  the  point  of  applica- 
tion, but  spread."    That  toxic  wastes  must  be  retained  as  well  as  the 
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iodides  in  the  cutaneous  capillaries  hardly  needs  to  be  emphasized ;  their 
influence  in  the  pathogenesis  of  eruptions  is  also  well-known. 

The  list  of  symptoms  observed  in  iodism  could  be  considerably 
lengthened — sufficiently  so,  in  fact,  to  show  that  the  three  degrees  of 
passive  capillary  hyperaemia:  the  simple,  exudative  and  liseraorrhagic, 
can  be  provoked  by  iodine  and  its  preparations  in  all  organs.  The  fact 
that  such  an  array  of  phenomena  can  be  explained  by  this  one  general 
mechanism,  affords  in  itself  conclusive  proof  of  its  soundness  as  an 
explanation  of  iodism — especially  in  view  of  the  fact  that  the  physi- 
ological action  of  iodine  has  remained  unknown. 

Acute  Poisoning. — When  a  poisonous  dose  of  iodine  is 
taken,  a  sense  of  severe  burning  in  the  pharynx  and  oesophagus 
is  soon  followed  by  nausea,  retching  and  vomiting,  and  ulti- 
mately by  cramps  and,  in  some  cases,  purging.  These  are  purely 
local  phenomena  due  to  the  caustic  action  of  the  drug. 

When  a  large  quantity  of  iodine  passes  into  the  blood, 
the  general  vasoconstriction,  described  in  the  preceding  pages, 
becomes  such  that  all  functions  are  inhibited,  including  those 
of  the  heart,  owing  to  narrowing  of  the  coronaries  and  other 
cardiac  arteries.*  The  heart-walls  being  no  longer  supplied 
with  enough  blood  to  sustain  their  functional  activity,*  their 
contractions  weaken,  and  the  pulse  becomes  frequent,  feeble 
and  thready.  This  condition  is  aggravated  by  the  concomitant 
constriction  of  the  arterioles  which  supply  the  pituitary  body 
and  the  inhibition  of  all  the  functions  carried  on  by  this 
organ.*  Great  weakness,  anuria  and  cyanosis  appear  and  death 
occurs  from  heart-failure.  If  the  patient  survives,  the  acute 
vasoconstriction  of  the  arterioles  becomes  less  marked,  and  the 
blood,  driven  to  the  periphery  by  the  contracted  central  vessels, 
floods  the  superficial  capillaries,*  causing  marked  flushing  and 
even  blotches  resembling  exanthematous  patches,  hajmorrhages, 
etc.,  though  the  temperature  remain  low.  If  death  does  not 
occur,  the  acute  symptoms  may  be  replaced  by  those  of  iodism 
and  the  patient  lingers  for  some  time,  dying  more  or  less 
suddenly  of  cardiac  inhibition.*  Eecovery  occurs  in  a  large  pro- 
portion of  cases,  however,  when  the  dose  taken  is  not  exces- 
sively large. 

The  morbid  process  in  acute  poisoning  differs  from  that  of  the 
fourth  group  of  "iodism"  only  in  that  the  hyperconstriction  comes  sud- 
denly and  with  probably  greater  violence.  I  have  shown  elsewhere''" 
that  the  belief  of  physiologists  that  the  coronaries  are  not  supplied  with 
vasomotor  nerves  is  erroneous.    This  question  is  reviewed  in  a  succeed- 

*  Author's  conclu.iion. 

180  York  Med.  Jour.,  May  14,  21,  1904. 


1168         INTERNAL  SECRETIONS  IN  PHARMACODYNAMICS. 

ing  chapter,  where  a  mierophotograph  shows  beyond  question  the  exist- 
ence of  such  nerves.  All  the  arteries  of  the  body  being  constricted 
simultaneously,  the  caliber  of  the  arteries  of  the  pituitary  is  not  reduced 
as  greatly  as  it  is  when  their  contraction  is  due  to  depressor  impulses. 
The  morbid  effects  on  the  other  organs,  the  heart,  for  instance,  stand 
out,  therefore,  more  prominently.  The  secondary  hypersemia,  exanthe- 
matous  patches,  etc.,  referred  to  have  been  observed  by  several  clinicians 
to  follow  acute  poisoning. 

The  treatment  of  poisoning  by  iodine  is  described  in  a  spe- 
cial section  at  the  end  of  this  volume. 

Therapeutics. — The  foregoing  interpretation  of  the  phy- 
siological action  of  iodine  and  the  iodides  accounts  for  their 
marked  value  in  diseases  characterized  by  impaired  metabol- 
ism, defective  nutrition,  certain  infections  and  chronic  inflam- 
matory process  in  which  resolution  is  delayed.  In  gout,  rheu- 
matism, asthma  and  disorders  of  the  menopause,  their  benefi- 
cial effects  are  due  to  the  fact  that  by  increasing  the  auto- 
antitoxin  in  the  blood,  the  pathogenic  toxic  wastes  are  not 
allowed  to  accumulate.  In  syphilis,  tuberculosis  and  scrofula, 
their  power  to  promote  phagocytosis  also  comes  into  play,  the 
bacteria,  their  toxins  or  endotoxins,  being  combatted  by  the 
same  constituent — antitoxic  and  bacteriolytic — which  is  caused 
to  accumulate  by  injections  of  tuberculin  or  kindered  sub- 
stances. Even  parasites  may  be  destroyed  by  the  digestive 
activity  which  the  blood  acquires  through  iodine  and  its  salts, 
as  shown  by  its  remarkable  effects  in  actinomycosis.  In  torpid 
processes,  such  as  chronic  bronchitis,  pleuritis  or  endocarditis, 
the  curative  action  of  these  valuable  agents  differs  in  no  way 
from  the  above :  by  increasing  the  activity  of  metabolism,  they 
promote  nutrition  and  process  of  repair,  while  simultaneously 
insuring  the  destruction  of  the  detritus  and  of  any  pathogenic 
germ  that  may  be  present — all  this,  while  protecting  the  body 
against  renewed  infection.* 

The  doses  indicated  differ  in  each  case,  since  its  action  is 
dependent  upon  the  asset  of  the  organism  and  the  condi- 
tion of  the  test-organ.  If  the  patient's  asset  is  up  to  the 
maximum,  as  is  often  the  ease  in  normal  subjects,  small  doses 
suffice  to  raise  the  functional  activity  of  the  test-organ  and, 
therefore,  the  defensive  properties  to  a  high  degree  of  effi- 
ciency.*   If  conversely  his  asset  is  small,  his  thyroid  poor  in 


*  Author's  conclusion. 


ADRENAL  EXTRACTIVES. 


1169 


iodine-laden  cells,  and  his  test-organ  is  torpid,  conditions 
essentially  present  in  syphilis  and  various  disorders  accom- 
panied by  paralysis,*  large  doses  are  necessary,  first  to  replenish 
the  thyroid  and  enable  it  in  turn  to  supply  the  red  corpuscles 
and  all  cells  with  enough  thyroidase  to  endow  them  with  the 
normal  irritability,  and  second  to  awaken  the  test-organ  from 
its  lethargy.* 

ADEENAL  EXTRACTIVES. 
(Adrenal  Extract,  Adrenalin,  Epinephrin,  Suprarenalin,  etc.) 

Physiological  Action. — When  a  therapeutic  dose  of  an 

adrenal  active  principle,  adrenalin,  epinephrin,  etc.,  or  that 

embodied  in  adrenal  extract,  is  introduced  directly  into  the 

blood,  it  increases,  in  proportion  to  the  quantity  administered, 

the  catalytic  and  oxygenizing  properties  of  the  hcBmoglobin, 

and  the  activity  of  cellular  interchanges — the  vital  process 

itself — is  thus  enhanced.*    This  effect  is  shown  prominently 

in  conditions  such  as  surgical  shock  in  which  all  functions  are 

markedly  depressed. 

The  influence  of  the  drug  on  metabolism  is  well  shown  by  the  rise 
of  temperature  it  causes.  Reichert'""  observed  that  adrenal  extract 
caused  an  elevation  of  1°  F.  in  rabbits,  accompanied  by  increased  meta- 
bolic activity.  Lepine""^  states  that  the  increase  of  blood-pressure 
caused  by  adrenal  extract  is  always  followed  by  a  rise  of  temperature. 
Morel'"''  noted  that  it  caused  in  guinea-pigs  a  rise  of  from  0.9°  to  1.8°  F. 
Again,  Kinnaman,'"'  in  a  comprehensive  study  of  the  temperature  rela- 
tionship to  shock,  concluded  that  as  shock  increased  in  severity,  the 
most  uniform  and  progressive  factor  was  the  fall  in  temperature.  He 
states  that  "in  one  series  [of  cases]  the  fall  in  temperature  was  the 
sole  cause  of  shock."  The  results  of  Crile'"^  with  adrenalin  in  salt- 
solution  given  very  slowly  and  gradually  for  a  considerable  time  thus 
find  a  normal  explanation.  He  supplied  the  organism  precisely  with 
the  substance  which  sustains  the  vital  process  in  the  tissue  cells.  He 
also  resuscitated  animals  in  this  manner — with  simultaneous  artificial 
respiration — fifteen  minutes  after  all  signs  of  life  had  ceased,  and  was 
able  to  keep  a  decapitated  dog  alive  over  ten  hours  by  this  same  pro- 
cedure. 

By  enhancing  the  catalytic  and  oxygenizing  properties  of 
the  blood,  and  therefore  tissue  metabolism,  adrenal  extractives 
provoke  directly  effects  that  are  produced  indirectly  through 
the  adrenals,  by  drugs  and  poisons  capable  of  stimulating  the 

*  AiitJwr's  conclusion. 

Reichert:    Univ.  of  Penna.  Med.  Bull.,  Apr.,  1901. 
i»i  Lepine:    Semaine  med.,  Feb.  18,  p.  53,  1903. 

Morel:    Le  progres  med.,  Aug.  3,  1903. 
'"^Kinnaman:    Annals  of  Surgery,  Dec,  1903. 
"^Crile:   Boston  Med.  and  Surg.  Jour.,  Mar.  3,  1903. 
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test-organ.*  The  functional  activity  of  all  organs — includ- 
ing the  leucocytogenic  structures  and  the  pancreas — being 
enhanced,  the  blood  is  provided  with  an  increase  of  phagocytes 
and  of  plasmatic  auto-antitoxin.*  Adrenal  extractives  thus 
increase  the  immunizing  properties  of  the  blood. 

Byelaventz"^  found  experimentally  that  adrenalin  first  increased 
the  gaseous  interchanges.  This  shows  that  it  becomes  an  inherent  fac- 
tor of  the  blood's  oxygenizing  constituent.  This  action  is  evidently 
widespread,  for  loteyko'^'-"'  noted  that  adrenalin  increased  markedly  the 
contractility  of  muscles  under  electrical  excitation.  Battelli,  moreover, 
found  that  during  fatigue  the  proportion  of  adrenalin  in  the  adrenals 
was  diminished,  while  conversely  Dessy  and  Grandis""  observed  that  an 
aqueous  solution  of  adrenal  extract  injected  into  the  exhausted  animal 
restored  the  contractility  of  its  muscles  in  from  2  to  8  minutes,  and 
rendered  them  more  resistant  than  before  the  experiment. 

That  the  adrenals  cause,  in  some  way,  the  destruction  of  blood- 
poisons  has  asserted  itself  so  prominently  that  various  investigators, 
Abelous  and  Langlois,^™  for  example,  consider  it  as  their  only  function. 
This  is  the  basis  of  the  so-called  "auto-intoxication"  tlieoiy.  Indeed, 
these  investigators,  and  also  Albanese,  having  observed  that  animals 
deprived  of  their  adrenals  rapidly  succumbed  to  a  short  exertion,  they 
concluded  that  it  was  the  secretion  of  the  adrenals  which  neutralized 
the  muscular  toxic  wastes.  This  theory  has  failed  in  its  main  feature, 
however,  there  being  no  foundation  in  tlie  fact  that  the  secretion  itself 
destroys  these  poisons.  Interpreted  from  my  standpoint,  Abelous  and 
Langlois's  theory  assumes  another  aspect:  the  adrenal  secretion  being, 
as  adrenoxidase,  a  constituent  of  the  bacteriolytic  and  antitoxic  triad 
trypsin,  and  the  one  which  endows  it  with  its  quality  as  a  ferment,  the 
antitoxic  power  of  the  blood  gradually  diminishes  after  extirpation  of 
the  adrenals  (since  the  animal  lives  a  short  time  on  what  adrenoxidase 
his  blood  happens  to  contain),  and  the  muscular  toxic  wastes  being  less 
and  less  destroyed,  accumulate  in  the  blood.  Hence  the  fact  that  exer- 
tion after  removal  of  the  adrenals  hastens,  as  we  have  seen,  the  lethal 
issue,  while  the  post-operative  use  of  adrenal  extract,  as  first  shown 
by  Brown-Sequard,^""  prolongs  life.  Scliafer-""  states,  moreover,  that 
"the  transfusion  of  normal  blood  into  the  veins  of  'decapsulcd'  animals 
tends  markedly  to  prolong  their  survival  of  the  operation."  In  other 
words,  in  whatever  form  the  active  principle  of  tlie  adrenal  secretion  is 
introduced,  it  increases  the  antitoxic  power  of  the  blood — precisely  as 
is  the  case  when  the  test-organ  is  stimulated  by  a  poison.  The  diges- 
tive (antitoxic)  power  of  the  blood — including  phagocytosis — may  be 
so  increased,  in  fact,  that  destruction  of  the  blood-cells  themselves  will 
occur.  Thus  Loeper  and  Crouzon^"  observed  that  injections  of  adrenalin 
into  the  blood  first  caused  leucocytosis,  then  haemolysis.  Nor  does  this 
apply  only  to  toxic  muscular  wastes,  for  Meltzer  and  Auer™^  found  that 
the  intravenous  injection  of  adrenalin  renders  a  rabbit  resistant  to  a 
surely  fatal  dose  of  strychnine. 


*  Author's  concliinion. 
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When  applied  locally  to  mucous  membranes,  adrenal 
extractives  produce  blanching  through  local  ischaamia.  This 
is  due  to  the  fact  that  they  incite  very  active  local  metabolism 
in  all  the  tissues  into  which  they  penetrate.*  The  muscular 
elements  of  the  arterioles  and  veins  being  thus  caused  to  con- 
tract to  their  utmost  limit,  the  access  of  blood  to  the  cellular 
elements  is  prevented.*  The  energetic  consumption  of  cellular 
materials  which  this  excessive  constriction  entails,*  is  some- 
times sufficient  to  cause  gangrene  by  arresting  local  nutrition. 
Again,  it  leaves  the  cellular  elements  deprived  of  nutrient 
materials  for  a  time,*  restauration  occuring  in  a  measure 
according  to  the  age  and  general  recuperative  activity  of  the 
patient.  Hence*  the  gaping  vessels,  the  oedematous  infiltra- 
tion, etc.,  observed  after  the  local  use  of  adrenal  extractives, 
especially  in  debilitated  and  aged  subjects,  and  the  post-opera- 
tive ha;morrhages  occasionally  witnessed. 

Local  hypermetabolism  is  well  exemplified  by  the  experiments  of 
Herter  and  Wakeman,^'"  in  which  they  found  that  by  painting  the  pan- 
creas with  1  c.c.  of  a  1  in  1000  solution  of  adrenalin,  they  caused 
glycosuria.  In  the  light  of  my  interpretation  the  solution  increased 
markedly  the  functional  activity  of  the  pancreas,  and  increased  the  pro- 
duction of  amylopsin — the  ferment  which  converts  glycogen  into  sugar. 
Wolownik-Charkow^*'  found  that  after  the  administration  of  large  doses 
to  rabbits,  the  liver  contained  less  glycogen  than  the  control  animal. 
Miiller™^  found,  moreover,  that  adrenal  extractives  produced  no  morbid 
changes  in  the  tissues — thus  pointing  to  mere  excess  of  activity — and 
that  it  did  not  interfere  with  reparative  changes. 

So  intense  is  this  local  vasoconstriction  that  Braun"""  found  that  a 
solution  of  1  in  1,000,000  of  the  active  principle  depleted  the  tissues 
as  if  they  had  been  frozen.  Neugebauer^"'  and  others  have,  in  fact, 
found  that  it  caused  gangrene,  the  tissues  being  totally  deprived  of 
blood.  Taramasio'"*'  observed  a  similar  effect  in  experimental  animals. 
This  illustrates  the  activity  of  the  intracellular  exchanges  it  provokes 
in  the  muscular  elements  of  the  vessels,  and  for  the  observations  of 
F.  E.  Hopkins,-™  Kyle^"  and  others,  that  its  use  is  liable  to  be  followed 
by  post-operative  haemorrhage,  the  vessels  being  left  gaping  when  the 
action  of  the  extractive  passes  off.  Seitz^"^  observed  sloughing  of  the 
nasal  tissues.  Solomon  Solis-Cohen^"^  reported  an  instance  of  acute 
cedema  of  the  uvula,  palate,  pharynx  and  epiglottis.  A  similar,  though 
more  extended  oedema,  occurred  in  a  case  treated  by  Bloch.^"-'  Many 
instances  of  this  kind  have  been  reported. 

*  Author's  conclusion. 
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In  large  therapeutic  doses  given  hypodermically  or 
endovenously,  the  adrenal  extractives  increase  markedly  the 
force  of  the  cardiac  contractions.  This  is  the  result  of  two 
consecutive  effects  of  the  drug:  the  first  of  these  is  the  direct 
action :  as  normally  the  secretion  of  the  adrenals  stimulates 
the  right  ventricle  while  passing  through  it  on  its  way  to  the 
lungs  -with  the  blood  of  the  inferior  vena  cava,*  the  presence 
of  an  excess  of  adrenal  principle  in  this  blood  increases  this 
action  on  cardiac  dynamism.*  This  occurs  only  when  the 
adrenal  extractive  is  not  converted  into  adrenoxidase  before 
reaching  the  heart.*  The  second  action  is  indirect,  but  that 
which  prevails  in  every  instance.*  The  addition  of  adrenal 
extractive  to  the  adrenoxidase — oxyhsemoglobin — already  in  the 
blood,  increases  its  catalytic  and  oxygenizing  power,  and  the 
functional  activity  of  the  heart  is  increased  as  well  as  that  of 
all  other  organs.* 

The  passage  of  the  adrenal  secretion  into  the  inferior  vena  cava 
and  its  action  on  the  heart  having  been  studied  in  detail  in  the  thir- 
teenth chapter,  only  a  few  of  the  main  facts  will  be  rehearsed  here. 
Brown- Sequard,  in  1853,  found  that  the  blood  of  the  vena  cava  con- 
tributed to  the  heart's  contraction.  Oliver  and  Schafer,^"  referring  to 
the  use  of  a  sokition  of  adrenal  extract  in  saline  solution,  write:  "We 
have  in  this  way  administered  large  doses  of  the  extract  to  the  dog, 
tliereby  producing  the  most  violent  cardio-vascular  disturbance  without 
causing  a  fatal  result."  The  fact  that  extracts  powerfully  stimulate 
the  heart  was  confirmed  by  Cybulski,  Scymonowicz,  Gottlieb  and  others. 
Vincent,  Velich,  Ott  and  others  having  obtained  a  similar  effect  after 
dividing  the  cord,  while  Cj'on^'  found  that  it  occurred  notwithstanding 
division  of  the  splanchnics,  it  is  evident  that  the  effect  was  not  of  cen- 
tral origin,  it  being  well  known,  moreover,  that  it  is  not  prevented  by 
section  of  both  vagi.  That  the  action  is  local  is  further  shown  by  the 
fact  that  Brown-Sequard  found  that  removal  of  the  adrenals  greatly 
enfeebled  the  cardiac  contractions,  and  that  injections  of  adrenal  extract 
restored  them.  Again,  I  (1903)  showed  that  the  dynamic  agent  in  the 
venous  blood  of  the  vena  cava  (which  Brown-Sequard  thought  was  COj — 
a  fact  disproved)  was  the  adrenal  secretion.  Beaman  Douglass  (1905) 
found  that  an  adrenal  solution  caused  a  detached  heart  immersed  in  it 
at  once  to  resume  beating.  The  oxidizing  activity  of  the  blood  on  the 
adrenal  secretion  is  given  below. 

That  a  therapeutic  dose  influences  the  heart  by  increasing  the 
activity  of  its  cellular  exchanges,  as  it  does  that  of  all  other  tissues 
rather  than  by  a  direct  action,  is  self-evident.  Langlois,^'^  and  Carnot 
and  Josserand^'  found  experimentally  that  the  adrenal  active  principle 
disappeared  on  entering  the  blood,  while  Embden  and  von  Furth^'^  found 
that  it  was  oxidized  in  the  latter,  though  not  in  vitro. 

*  Author's  conclusion. 
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Embden  and  von  Furth:  Hofmeister's  "Beitrage  z.  chem.  Physiol,  u. 
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The  muscular  elements  of  the  vessels  being  also  the  seat 
of  excessive  metabolism,*  another  prominent  s}'mptom  shows 
itself :  viz.,  elevation  of  the  blood-pressure.  This  in  turn  gives 
rise  to  a  third  phenomenon:  slowing  of  the  pulse  owing  to  the 
greater  resistance  offered  by  the  blood-column  to  the  cardiac 
muscle.* 

That  hypermetabolism  in  the  muscular  layers  of  vessels  causes 
vasoconstriction  has  already  been  sustained  in  the  foregoing  pages  by 
considerable  evidence.  It  is  shown,  moreover,  by  the  fact  that  adrenal 
extractives,  when  administered  during  a  prolonged  period,  produce 
arteriosclerosis,  as  recently  sliown  by  Josue,-*^"  Erb,""  von  Rzentkowski^''' 
and  others.  Oliver  and  Schiifer-^^  showed  twelve  years  ago  that  adrenal 
extract  caused  contraction  of  the  blood-vessels  by  acting  directly  on 
their  walls.  In  the  light  of  the  foregoing  data,  this  is  readily  accounted 
for  by  the  fact  that  it  enhances  excessively  intracellular  metabolism  in 
the  vascular  elements,  the  vessels  being  thus  caused  to  contract  violently. 
The  smaller  the  caliber  of  a  vessel,  therefore,  the  greater  the  chance  of 
its  lumen  being  obliterated.  Now,  the  vasa  vasorum  have  long  been 
known  to  take  a  prominent  part  in  the  pathogenesis  of  arteriosclerosis. 
Cowan--'  states,  in  fact,  that  the  "vasal  changes  may,  in  some  cases,  be 
the  only  visible  lesion,"  and  refers  to  cases  in  which  he  says  "the  inter- 
ference with  the  vascular  supply  from  the  vasal  vessels  produced  medial 
and  intimal  necrosis."  Councilman's-"  study  of  41  autopsies  showed 
that  in  the  nodular  form  the  primary  alteration  consisted  "in  a  degen- 
eration or  a  local  infiltration  in  the  media  and  adventitia,  chiefly  about 
the  vasa  vasorum."  The  manner  in  which  injections  of  adrenal  extract 
can  give  rise  to  the  arterial  lesions  is  now  plain.  By  closing  the  vasa 
vasorum,  they  arrest  the  nutrition  of  the  vascular  walls,  and  the 
lesions  of  arteriosclerosis  follow.  That  lesions  of  the  vasa  vasorum  are 
actually  present  was  recently  confirmed  by  Scheidemantel,^-''  Marini"" 
and  Papadia.^-' 

Poisoning. — In  toxic  doses,  adrenal  extractives,  b}^  causing 
excessive  metabolism  in  the  muscular  elements  of  all  vessels — 
excepting  the  capillaries,  which  are  not  provided  with  a  mus- 
cular coat* — provoke  so  intense  a  general  vasoconstriction  in 
animals  that  all  the  organs  are  dangerously  engorged.  When 
death  occurs  its  direct  cause  is  pulmonary  congestion  and 
cedema  and  the  consequent  asphyxia. 

There  is  at  first  more  or  less  irritability,  excitement  and 
restlessness,  soon  followed  by  stiffness  of  the  muscles,  with  per- 
haps spasmodic  movements,  or  tremors.     Gradually  as  the 

*  Author's  roncluMon. 
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blood-pressure  rises  all  capillaries  become  so  gorged  with  blood 
that  haemorrhage  from  the  nose  and  mouth,  ha^maturia,  bloody 
diarrhoea,  cutaneous  oedema  and  ecchymosis  may  occur;  the 
caliber  of  the  arterioles  is  soon  sufficiently  reduced,  however, 
to  impede  circulation*  and  the  symptoms  of  cutaneous  ischgemia 
appear,  viz.,  marked  hypothermia,  and  anaesthesia.  This  is 
accompanied  by  great  prostration,  paralysis  (beginning  in  the 
lower  limbs),  labored  respiration,  at  first  rapid,  then  slow  and 
shallow,  feeble  heart  action  and  finally  death  from  asphyxia. 
This  is  preceded  in  some  instances  by  convulsions,  due  to  the 
accumulation  of  toxic  wastes. 

In  man,  besides  the  untoward  efllects  produced  by  the 
local  action  of  adrenal  extractives,  referred  to  on  page  1171, 
any  of  the  morbid  efl'ects  observed  in  animals  may  appear  after 
injections  into  the  tissues  or  circulation.  The  usual  symptom- 
complex  due  to  an  excessive,  though  not  necessarily  fatal,  dose 
is:  preliminary  restlessness,  then  weakness  and  staggering. 
Gradually  as  the  general  vascular  pressure  increases,  the  blood- 
column  crowds  the  heart*  and  may  give  rise  to  marked  cardiac 
pain,  the  pulse  being  hard  and  tense.  This  is  attended  by 
free  passive  perspiration,  also  of  vasoconstrictor  origin.* 
Gastric,  bronchial  and  other  capillaries  may  be  ruptured  by  the 
pressure  of  blood  into  them,*  and  hfematemesis,  hsematuria, 
etc.,  may  occur.  When  the  arterioles  are  sufficiently  contracted 
to  interfere  with  the  circulation*  the  extremities  and  even  the 
body  may  become  very  cold.  Death  may  then  occur  by  cardiac 
arrest  from  three  factors:  1st,  owing  to  the  pressure  upon  it 
of  the  blood-column;*  2d,  excessive  constriction  of  its  arteries, 
including  the  coronaries,  which,  contrary  to  prevailing  teach- 
ings, are  also  supplied  with  vasomotor  nerves;*  3d,  arrest  of 
the  respiration  by  vasoconstrictor  interference  with  the  pro- 
gress of  the  blood  to  the  pulmonary  alveoli.* 

Swale  Vincent"'  states  that  "the  first  effect  noticeable  in  dogs  is 
excitement.  There  is  increased  muscular  activity  which  passes  into  a 
stage  of  agitation  with  tremors."  The  hsematuria  and  the  bleeding  from 
the  mouth  and  nostrils  observed  in  various  animals  by  the  same  investi- 
gator"^" is,  he  writes,  "probably  the  expression  of  the  high  blood-pres- 
sure, brought  about  by  the  extract."  These  phenomena  are  evidently 
not  of  central  origin,  since  he  also  found  that  destruction  of  the  spinal 


*  Author's  conclusion. 

Swale  Vincent:  Jour,  of  Physiol.,  vol.  xxii,  p.  270,  1898. 
Swale  Vincent:    IMd.,  vol.  xxii,  p.  Ill,  1897. 
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cord  in  frogs  did  not  prevent  them.  Pellaeani,""  who  was  the  first  to 
study  the  toxicology  of  adrenal  extract  in  animals,  found  that  such 
effects  were  only  produced  by  very  large  doses,  a  fact  subsequently  eon- 
firmed  by  Swale  Vincent.-^"^ 

Pellacani  observed  congestion  of  the  liver,  spleen  and  kidneys,  and 
other  structures,  and  when  death  was  delayed,  atrophy  of  these  organs 
— a  fact  which  indicates  subsequent  constriction  of  the  arterioles  and 
the  resulting  arrest  of  nutrition.  The  engorgement  of  all  organs  was 
also  witnessed  by  Taramasio,-^-  Cybulski-^^  and  others. 

Hultgren  and  Andersson-''^  found  that  sufficient  quantities  of  the 
extract  caused  death  in  the  rabbit  by  provoking  pulmonary  ojdema  and 
sometimes  hoemorrhage.  These  authors  and  Cybulski  ascribe  death 
caused  by  adrenal  extracts  to  this  condition.  Gourfein^^'*  attributed  it 
to  asphyxia.  AboP'"  and  Abbott^'  both  observed  that  epinephrin  caused 
death  by  arresting  the  respiration.  Indeed,  Swale  Vincent-'"  found  that 
the  blood  of  one  of  his  animals  (dog)  had  become  venous  throughout 
the  body.  This  illustrates  the  extent  to  which  the  oedematous  lungs 
prevents  aeration  of  the  blood.  On  the  other  hand,  Cybulski  showed 
that  artificial  respiration  kept  the  experimental  animal  alive,  normal 
breathing  being  subsequently  restored. 

Therapeutics. — The  foregoing  conception  of  the  adrenal 

extractives  explains  plainly,  and  without  the  intermediation  of 
suppositious  factors,  the  beneficial  results  obtained  from  the 
use  of  adrenal  extractives.  Thus,  they  have  been  used  advan- 
tageously in  disorders  due  to  a  gouty  "diathesis,"  as  hay-fever, 
and  asthma — a  result  accounted  for  by  their  power  to  enhance 
metabolism  and  therefore  catabolism  of  toxic  wastes.  In 
asthma  due  to  low  vascular  tension,  they  promptly  arrest  a 
paroxysm,  by  causing  the  vessels  to  return  to  their  normal 
caliber  and  supplying  the  blood  with  additional  adrenoxidase.* 
The  manifest  influence  adrenal  extractives  have  on  nutri- 
tion also  accounts  for  beneficial  action  in  adynamic  disorders,* 
neurasthenia  and  surgical  shock,  for  example.  This  applies 
also  to  cardiac  disorders  characterized  by  weakened  systole  or 
dilatation  and  their  complications. 

Adrenal  extract  has  been  found  of  value  in  neurasthenia  by  many 
observers,'  including  Huchard,  and  as  already  stated,  in  shock,  saline 
solution  (1  in  50,000)  being  used  as  excipient.  In  cardiac  disorders  it 
has  been  recommended  by  several  clinicians,  including  Mankowsky,-™ 
Floersheim-^"  and  Deeks.^*"-    Mankowsky  specifies  that  the  most  useful 

*  Author's  conclusion. 
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application  of  adrenal  extract  is  in  cardiac  weakness  and  threatening 
collapse.  Floersheim  found  it  efTeetive  where  our  usual  remedies  had 
failed.  Deeks  obtained  not  only  marked  improvement  in  cardiac  weak- 
ness, but  disappearance  of  attending  cedema.  Boy-Teissier"-  obtained 
excellent  results  in  cases  of  weak  heart  with  general  cyanosis  and  great 
cardiac  dilatation. 

Addison's  disease,  whether  due  to  organic  lesions  of  the 
adrenals  themselves  or  of  the  nerves  or  ganglia  through  which 
they  receive  their  impulses  from  the  pituitary  hody,  is  attend- 
ed by  lowered  metabolism.*  Hence  the  benefit  obtained  in 
many  instances  from  the  use  of  these  preparations.  The  best 
results  are  obtained  when  the  remedy  is  given  by  the  mouth.* 

In  this  disease,  the  vitality  is  so  reduced  that,  as  stated  by  Rolle- 
ston,-"  the  cases  sometimes  emit  a  cadaveric  odor.  Some  clinicians, 
including  Senator,^*  have  noted  no  modification  of  the  nitrogen  output; 
some  found  that  it  was  increased;  others  that  it  was  decreased.  In 
literature,  these  results  are  recorded  as  discordant;  but  this  is  not  war- 
ranted in  the  light  of  my  views.  They  merely  indicate  that  metabolism 
is  more  impaired  in  some  cases  than  in  others,  owing  to  greater  destruc- 
tion of  the  adrenals  or  of  their  nerves,  and  that  where  no  perceptible 
ett'ect  is  obtained  from  adrenal  extractives,  it  is  because  the  supply  is 
not  adequate,  both  as  to  quality  and  quantity,  to  restore  the  vital 
equilibrium — to  compensate,  in  other  words,  for  the  loss  of  those  organs 
which  sustain  the  vital  process  by  supplying  the  tissues  with  oxygen. 
In  an  analysis  of  97  cases  reported  in  literature,  by  E.  W.  Adams,-'^  in 
which  adrenal  preparations  were  used,  7  cases  were  made  worse;  43 
derived  no  real  benefit;  31  showed  marked  improvement,  and  16  were 
"permanently  relieved."  The  pigmentation  waned  in  most  of  the  cases 
improved.  This  affords  a  marked  contrast  with  Lewin's  800  reported 
cases  treated  by  other  methods,™  of  which  28  cases  were  improved  and 
5  cured. 

In  hjemorrhagic  disorders,  the  identity  of  adrenoxidase  as 
the  fibrin  or  coagulating  ferment,*  renders  adrenal  extractives 
effective  as  ha!mostatics,  whether  applied  externally  or  given 
internally.  Hence  its  recognized  value  in  epistaxis,  hcemopty- 
sis,  hcematemesis,  intestinal  Immorrliage,  the  dose  of  adrenalin 
chloride  when  given  orally  varying  from  5  to  30  drops  every 
three  hours,  according  to  the  urgency  of  the  case.  Even  the 
haemorrhages  of  hcemophilia  can  be  promptly  arrested  by  the 
local  application  of  adrenal  extractives.  The  internal  use  of 
thyroid  extract,  which  actively  stimulates  the  adrenal  center 
and  causes  a  marked  increase  of  adrenoxidase,*  masters  the 
primary  disorder  itself. 

*  Author's  conclusion. 
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ANTITOXINS. 

Source  and  Chemical  Nature. — None  of  the  prevailing 
theories  of  immunity  explain  the  origin  or  mode  of  action  of 
antitoxin.  This  is  due  to  the  fact  that  Ehrlich's  side-chain 
theory — though  extremely  elucidative  in  many  directions — has 
diverted  the  attention  of  pathologists  from  the  true  source  of  the 
constituents  of  this  substance:  the  adrenals  and  other  ductless 
glands.* 

As  to  the  origin  of  antitoxin,  Ritchie  in  an  impartial  review  as 
president  of  the  section  of  Pathology  of  the  British  Medical  Associa- 
tion,^" said  recently:  "We  must  admit  that  at  present  we  know  of 
no  definite  facts  which  point  to  the  place  of  origin  of  antitoxin;"  and, 
moreover,  referring  to  Ehrlich's  theory:  "The  view  that  the  satura- 
tion of  the  side-chains  of  the  cell  [the  tissue-cell]  with  toxin  made  them 
drop  off  witli  their  burden  of  toxin  always  appeared  to  me  to  be  hai-dly 
tenable,  in  view  of  the  fact  originally  put  forward  by  Ehrlich  that  the 
reason  for  the  affinity  of  toxin  for  the  cell  was  probably  to  be  found  in 
the  fact  that  the  toxin  closely  resembled  the  normal  food  of  the  cell. 
It  would  be  of  little  use  to  the  cell  if  a  side-cliain  should  straightway 
drop  oft'  into  the  serum  whenever  a  food  particle  became  attached  to  it. 
The  whole  vieio  was  too  theoretical." 

The  practical  side  of  the  question  is  aptly  described  by  H.  C.  Wood, 
Sr.  and  Jr.,  in  the  last  edition  of  their  text  book  (1906)  :^''  "The  mode 
of  action  of  the  antitoxin  in  infectious  diseases  has  been  the  subject  of 
a  large  amount  of  surmise  and  study,  but  while  a  number  of  interest- 
ing theories  have  been  suggested,  notably  that  of  Ehrlicli,  it  must  be 
confessed  that  we  have  no  positive  knowledge  of  the  manner  in  which 
this  substance  acts  in  infectious  diseases." 

Again,  as  stated  by  H.  Gideon  Wells,-"  according  to  the  side-chain 
theory,  "the  antitoxin  consists  of  cell  receptors  that  have  been  produced 
in  excess  and  secreted  hy  the  cells  into  the  blood,"  referring  to  the  tissue- 
eells.  Ehrlich  has  failed  to  demonstrate  this  fact.  On  the  other  hand, 
considerable  evidence  is  available,  we  have  seen,  to  show  that  it 
is  through  the  intermediary  of  the  leucocytes  that  the  bacteriolytic  and 
antitoxic  substances  reach  the  blood.  Ainley  Walker,-^"  for  instance, 
writes:  "A  definite  relation  exists  between  the  mass  of  the  leucocytes 
added  [to  serum]  and  the  degree  of  bactericidal  power  obtained 
(Bordet).  Again,  a  bacteriolytic  pleural  exudate  has  been  made 
entirely  inactive  by  the  removal  of  its  leucocytes,  active  again  on  their 
replacement  (Denys  and  Havet)."  From  this  and  other  facts  sub- 
mitted, the  author  concludes  that  "the  addimentary  ferment  is  definitely 
associated  with  the  leucocytes,  and  is  not  a  ferment  circulating  freely 
in  the  blood-plasma  as  Ehrlich  teaches." 

Before  Ehrlich  introduced  his  side-chain  theory,  and  ever  since, 
numerous  investigators  have  urged  the  importance  of  the  ductless  glands 
and  internal  secretions  as  important  factors  in  the  destruction  of 
poisons.    "Some  years  ago,"  writes  Charrin,^^  "the  physiology  of  the 

*  Author's  conclusion. 
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adrenals  was  singularly  obscure.  The  foresight  of  Brown- Sequard,  the 
interesting  researches  of  Langlois,  Abelous,  and  those  of  Albanese,  Zueeo, 
etc.,  akin  to  onr  own,  have  brought  these  structures  within  the  group 
of  organs  endowed  with  antitoxic  functions.  With  Langlois,  I  ascer- 
tained that  a  given  quantity  of  these  organs  weakened  the  action  of  cer- 
tain alkaloids,  especially  nicotine."  Other  organs  are  referred  to  in 
the  same  sense.  "As  to  the  antitoxic  functions,"  writes  Charrin,  "one 
may  depend  upon  a  series  of  viscera,  first  of  all,  the  liver,  the  pituitary 
body,  the  adrenals,  the  pancreas,  the  kidneys,  the  spleen,  etc." 

The  most  recent  writers  speak  in  the  same  trend.  While  Ritchie, 
alluding  to  the  side-chain  theory  in  the  address  previously  referred  to, 
concludes  that  "we  must  keep  an  open  mind  for  admitting  that  the 
cells  pathogenically  affected  by  a  toxin  may  not  be  the  cells  of  origin 
of  antitoxin,"  Gruber  and  von  Pirquet'^^  urge  that  tlie  formation  of 
antibodies,  contrary  to  Ehrlich's  view,  occurs  in  an  entirely  different 
place  than  the  action  of  the  toxins,  and  tliat  they  had  the  character 
of  internal  secretions.  Sir  A.  E.  Wright"^'  also  emphasized  this  kin- 
ship, though  asserting  that  "their  origin  in  the  body  was  unknown," 
by  the  statement,  "all  the  protective  substances  which  were  involved  in 
the  cure  of  disease  were  to  be  regarded  as  produced  by  internal  secre- 
tions," urging  that  "if  the  laws  by  which  such  substances  were  produced 
were  known,"  we  could  "call  forth"  their  production. 

This  is  not  intended  to  imply  that  the  side-chain  theory  has  con- 
tributed nothing  to  our  knowledge;  Ehrlich's  own  labors  in  this  con- 
nection and  those  of  the  many  investigators  who  have  taken  up  his 
views  have  done  much  to  elucidate  the  relations  between  the  various 
bodies  which  take  part  in  the  immunizing  process.  Moreover,  Ehrlich 
has  himself  forever  set  aside  the  erroneous  view  that  antitoxin  is  noth- 
ing but  transformed  toxin,  and  placed  on  a  solid  foundation  the  fact 
that  the  protective  bodies  were  products  of  cellular  activity.  What  I 
claim  is  that  the  cells  in  general  are  not,  as  Ehrlich  believes,  the  source 
of  antitoxin,  and  that  the  substances  of  which  it  is  composed  are  the 
products  of  the  organs  referred  to  below. 

Antitoxin  is  blood-plasma  containing  adrenoxidase,  niicleo- 
proteid  and  digestive  triads  (trypsin,  etc.),  and  thyroidase.  It 
is  produced  in  animals  under  the  effects  of  injections  of  various 
toxins,  as  a  result  of  the  stimulating  action  of  the  latter  upon 
the  test-organ,  and  through  it  upon  the  adreno-thyroid  center. 
The  resulting  excess  of  adrenoxidase  excites,  in  turn,  an  over- 
production of  pancreatic  ferments  and  leucocytes,  by  increasing 
metabolic  activity  in  the  pancreas  and  leucocytogenic  tissues. 
The  thyroidase  is  due  to  direct  excitation  of  the  thyroid.  Anti- 
toxin is  the  homologue  of  auto-antitoxin  formed  in  the  blood 
under  the  influence  of  mercury,  iodine  and  other  drugs.* 

Although,  as  stated  by  Gideon  Wells,"'*  the  chemical  nature  of  anti- 
toxins "is  as  entirely  unknown  as  is  the  nature  of  the  toxins,"  the  few 
facts  available  point  to  the  presence  of  all  the  constituents  which  com- 
pose what,  in  the  preceding  articles,  I  have  referred  to  as  "auto-anti- 
toxin." 


*  Author's  conclusion. 
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That  antitoxin  is  blood-plasma  unusually  rich  in  its  normal 
immunizing  constituents  is  suggested  by  various  facts.  A  careful 
chemical  study  led  Viquerat-'^^  to  the  conclusion  that,  barring  the  pres- 
ence of  lactates  in  antitoxin  and  other  sera,  the  latter  difl'erod  in  no 
way  qualitatively  from  normal  serum.  F.  Warren  White""  studied  the 
germicidal  action  of  serum  taken  from  healthy  persons;  from  patients 
sufl'ering  from  various  diseases  and  from  the  body  just  before  and  after 
death.  All  showed  marked  bacteriolytic  properties  on  the  typhoid 
bacillus.  This  was  completely  destroyed,  however,  by  heating  the  serum 
to  55°  C.  Thus,  the  blood-serum  during  health  and  disease  is  qualita- 
tively similar  to  antitoxin.  In  fact,  as  stated  by  B.  Meade  Bolton,-^' 
horses  used  for  the  production  of  diphtheria  antitoxin,  often  "possess 
antitoxin  normally  in  their  blood." 

As  to  adrenoxidase,  the  principle  increased  is,  of  course,  the 
adrenal  secretion,  to  which  Auld  and  others  refer  as  "a  colloid."  Gideon 
Wells,"'  alluding  to  antitoxins,  remarks:  '"In  any  event  they  behave  as 
colloids" — a  fact  which  suggests  that  in  keeping  with  the  evidence  pre- 
viously submitted,  the  plasma  and  red  corpuscles  are  correspondingly 
richer  in  oxyhoemoglobin.  Again,  we  have  seen  that  adrenoxidase  ia  a 
globulin.  William  H.  Park,  of  the  New  York  Health  Department,"^ 
refers  to  the  fact  that  "recent  investigations  have  connected  antitoxins 
and  glohulins  so  closely"  that  "we  may  consider  it  a  probability  that 
the  antitoxins  are  globulins  or  globulin-like  substances:"  he  was  led 
experimentally  to  i  -ntirm  this  fact.  I  have  pointed  out,  furthermore, 
that  the  adrenal  principle  is  the  general  catalytic  of  the  organism  and 
the  "ferment  of  ferments."  Now,  Ehrlich  has  shown  that  a  given  quan- 
tity of  antitoxin  will  not  only  neutralize  a  fixed  quantity,  say  100  lethal 
doses  of  toxin,  but  that  it  will  keep  on  neutralizing  until  very  large 
quantities  are  rendered  harmless.  Bashford"""  also  observed  that  "the 
poisonous  action  of  the  lethal  dose  of  toxin  may  be  abolished  within 
the  time  limit  by  the  addition  of  a  very  small  quantity  of  antitoxin." 
This,  of  course,  is  due  to  the  presence  of  a  ferment — trypsin,  perhaps; 
but  this  in  itself  proves  the  presence  of  the  adrenal  active  principle, 
since  it  is  to  this  principle  that  every  trypsin  owes  its  activity  as  such, 
while  we  have  seen  that,  as  stated  by  Moore,™'  "ferment  actions"  are 
"catalytic  reactions." 

Finally,  it  becomes  a  question  whether  toxins  (by  stimulating  the 
test-organ  and  through  it  the  adreno-thyroid  center)  can  provoke  an 
increase  of  this  globulin,  as  they  do  of  adrenoxidase.  This  is  well  shown 
in  the  following  lines  by  W.  H.  Park:-"-  "Horse  numbered  137  when 
first  obtained  contained  3.2  per  cent,  globulin  and  3  units  of  antitoxin 
in  each  c.c.  It  is  of  some  interest  to  note  that  this  is  the  largest 
amount  of  normal  antitoxin  ever  noted  by  us  in  an  untreated  horse. 
Thrto  months  later,  after  repeated  injections  of  toxin,  the  globulin,  as 
tested  by  Mr.  Atkinson,  was  8.2  per  cent.,  and  the  antitoxin  1200  units 
per  c.c.  Three  weeks  later  toxin  injections  having  been  omitted,  the 
globulin  was  5.9  per  cent,  and  the  antitoxin  650  units  per  c.c.  Still 
ten  days  later  the  globulin  was  4.7  and  the  antitoxin  400  units."  The 
importance  of  adrenoxidase  in  the  process  now  asserts  itself.  "As  inves- 
tigations progressed,"  writes  Park,^"'  "it  has  become  more  and  more 
evident  that  the  antitoxic  substances  in  the  blood  are  closely  combined 

ss^Viquerat:   Centralbl.  f.  Bakt.,  Parasit.  u.  Infekt.,  Bd.  xxi,  S.  581,  1902. 
2™  P.  Wavren  White:    Boston  Med.  and  Surg.  Jour.,  Feb.  23,  1899. 
2"  B.  Meade  Bolton:    Jour,  of  Bxper.  Med.,  July,  1896. 

Gideon  Wells:   Loc.  ext.,  p.  140. 
2=»W.  H.  Park:    Archives  of  Pediatrics,  Nov.,  1900. 

Bashford:    Lancet,  Oct.  17,  1903. 
2»i  Moore:   Schafer's  "T.  B.  of  Physiol.,"  vol.  i,  p.  317,  1898. 
sB^W.  H.  Park:   Loc.  cit. 
263  Park:   Pediatrics,  Aug.  15,  1900. 
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with  the  globulins  of  the  blood,  and  that  whatever  precipitates  them 
precipitates  the  antitoxin  also.  In  fact,  without  globulin  there  appears 
to  be  no  antitoxin,  and  wherever  antitoxin  exists,  globulin  does  also." 

Antitoxin  contains  nucleo-proteid  besides  nuclein.  As  to  nuclein, 
Szontagh  and  Wellmann^"*  found  that  it  was  present  in  .antitoxin  as 
well  as  in  horse-serum,  as  nucleo-albumin.  E.  W.  Walker-"^  noted  that 
"the  bacteriolytic  power  of  a  fresh  serum  [antitoxin]  rapidly  diminishes 
both  in  the  immune  and  normal  sera,  and  ceases  to  be  recognized  within 
a  few  days  from  the  time  of  bleeding."  I  have  shown  that  this  is  due 
to  the  presence  of  the  phosphorus-laden  nuclein,  i.e.,  the  body  (Pfliiger's 
"reducing  substrlnce")  which  promptly  takes  up  the  oxygen  in  shed 
blood.  As  to  proteids.  Wells™  concludes,  that  "taken  altogether,  the 
evidence  indicates  a  closer  resemblance  of  antitoxins  to  proteids  than 
has  been  shown  for  the  toxins,  and  all  attempts  to  separate  antitoxins 
from  proteids  have  so  far  failed."  As  shown  below  (Park  and  Throne) 
these  bodies,  nuclein  and  proteid,  can  be  isolated  from  antitoxin  as 
nucleo-proteid. 

The  various  hydrolytic  triads,  including  trypsin,  secreted  in  the 
plasma  by  leucocytes,  represent,  from  my  standpoint,  we  have  seen, 
Ehrlich's  "complement"  or  "addiment,"  which  Ehrlieh  and  Morgen- 
roth-""  define  as  "the  unstable  (labile)  ferment-like  body  which  eflects 
the  solution  of  the  blood-cells,"  i.e.,  haemolysis.  These  investigators 
state  that  a  serum  described  by  Bordet  and  their  o^n,  derived  from 
goats,  "lost  its  haemolytic  power  when  heated  for  half  an  hour  to  56°  C." 
This  they  state  has  been  shown  by  Buchner  to  be  true  of  all  normal 
haemolytic  sera.  Whether  the  temperature  be  50°  or  55°  is  evidently 
immaterial,  for  Wassermann,  alluding  to  Ehrlieh  and  Morgenroth,  says 
that  they  made  hsemolytic  serum  "inactive  by  heating  to  55°  C,  so  that," 
he  adds,  "it  contained  only  the  substance  sensibilisatrice."  Having 
shown-"^  that  this  latter  substance  is  adrenoxidase  plus  thyroidase,  it 
is  evident  that  the  trypsin  alone  was  destroyed.  Now,  since  as  shown 
above,  blood-serum  and  antitoxin  are  similar  qualitatively,  if  antitoxin 
also  contains  the  ferment,  it  should  likewise  be  destroyed  at  this  tem- 
perature. Wells-""  writes,  "If  we  heat  bactericidal  serum  made  by 
immunizing  an  animal  against  bacteria,  say  the  cholera  vibrio,  at  55° 
for  fifteen  minutes,  it  will  be  found  to  have  destroyed  the  power  of 
destroying  these  organisms."  We  have  seen,  moreover,  imder  "adrenoxi- 
dase" that  antitoxin,  as  noted  by  Ehrlieh  and  Bashford,  acts  as  a  fer- 
ment. The  formation  of  thyroidase  (opsonin)  was  described  in  the  pre- 
ceding chapter. 

Although  the  various  germicidal  and  antitoxic  constituents 

of  the  blood  are  included  in  antitoxin,  they  are  not  all  required 

to  produce  its  beneficial  effects.    The  latter  are  due  to  the 

large  proportion  of  adrenoxidase  that  antitoxin  contains.* 

It  was  in  the  course  of  experiments  to  prevent  the  untoward  effects 
sometimes  produced  by  injections  of  antitoxin:  eruptions,  haemolysis, 
etc.,  that  William  H.  Park,  of  New  York,  observed  the  fact,  mentioned 
above,  that  "without  globulin  there  appears  to  be  no  antitoxin,"  and 
"that  wherever  antitoxin  exists  globiilin  does  also."  Inasmuch  as  ad- 
renoxidase is  the  only  globulin  among  the  constituents  of  antitoxin, 

*  Author's  conclusion. 

20*  Szontagh  and  Wellmann:   Deut.  med.  Woch.,  Bd.  xxiv,  S.  421,  1898. 

E.  W.  Walker:    Lancet,  Jan.  4,  1902. 

Wells:   Loc.  cit..  p.  141. 
2<"  Ehrlieh  and  Morgenroth:    "Collective  Studies  of  Immunity,"  Bolduan's 
Transl,  p.  11,  1906. 

Vf.  preceding  chapter. 

Wells:   Loc.  cit.,  p.  144. 
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it  follows  that  it  is  to  adrenoxidase  that  we  must  ascribe  the  curative 
action  of  antitoxin.  That  such  is  the  case  is  shown  in  another  way. 
We  have  seen  that  the  power  of  normal  serum  to  destroy  the  red  cor- 
puscles of  another  animal  (hfemolysis) ,  i.e.,  its  digestive  power,  and 
also  that  of  bactericidal  sei'um  derived  from  an  immunized  animal — and, 
therefore,  antitoxin — were  destroyed  when  these  sera  were  heated  from 
fifteen  to  thirty  minutes  at  55°  C.  An  important  feature  of  these 
experiments,  however,  is  that  they  were  conducted  in  vitro,  and  that  as 
far  as  the  antitoxin  is  concerned,  heating  to  55°  C.  does  not  destroy 
its  germicidal  and  antitoxin  effect  when  injected  into  the  living  body. 
This  was  shown  in  the  eovirse  of  experiments  by  Atkinson.-"  He  found 
that  when  a  solution  of  globulin  (precipitated  from  antitoxic  serum  as 
well  as  ordinary  serum  by  magnesium  sulphate)  was  saturated  with 
sodium  chloride  and  then  gradually  heated  to  72°  C,  precipitates  were 
formed  which,  in  the  various  antitoxins,  remained  antitoxic.  Now,  as 
55°  C.  destroys  the  digestive  triads  (complement),  and  even  thyroidase 
(opsonin),  which  is  destroj'ed  at  from  60°  to  65°  C,  there  was  nothing 
left  in  the  precipitate  as  active  agent  but  adrenoxidase,  which,  we  have 
seen,  resists  all  temperatures  up  to  100°  C,  and  even  that  several  hours. 

Physiological  Action. — The  various  antitoxins,  when  ad- 
ministered subciitaneously  during  health  or  disease,  increase  the 
bacteriolytic  and  antitoxic  properties  of  the  blood  by  augment- 
ing, in  proportion  with  the  quantity  administered,  its  content 
in  auto-antitoxin,  the  homologue  of  all  antitoxins.*  As  is 
the  case  when  thyroid  extract  or  adrenal  extractives,  adrenalin, 
epinephrin,  etc.,  are  used,  metabolism  is  increased,*  sufficiently 
so  in  some  instances,  to  produce  fever,  leucocytosis,  rheumatic 
pains  due  to  accumulation  of  wastes,  and  even  renal  disorders. 

There  is  ample  evidence  to  the  effect  that  antitoxin  injections 
increase  metabolism,  while  the  febrile  phenomena  point  directly  to  the 
presence  of  an  excess  of  adrenoxidase  in  the  blood.  A  few  illustrations 
will  emphasize  these  facts. 

Coldefy,^'^  for  example,  out  of  400  cases  in  which  antidiphtheritie 
serum  was  injected  as  a  prophylactic  measure,  observed  six  in  which 
there  was  pyrexia,  which  appeared  and  disappeared  rapidly.  In  eight, 
the  pyrexia  lasted  a  short  time,  while  in  a  tuberculous  patient  it  was 
very  marked,  and  lasted  several  days.  Rolleston-"  states  that  muscular 
and  joint  pains  occurred  in  10.24  per  cent,  and  pyrexia  in  15.01  per 
cent,  of  600  cases  treated  in  the  Metropolitan  Asylums.  He  states, 
moreover — thus  unconsciously  contributing  testimony  to  the  curative 
value  of  tin  enhanced  metabolism — that  in  the  600  cases  treated  in  the 
Metropolitan  Asylums  upon  which  his  conclusions  are  based,  that  as  a 
general  rule,  the  more  marked  the  antitoxin  reaction,  the  better  the 
prognosis.  Mongour"^  found  that  the  excretion  of  nitrogen  wastes  was 
increased,  and  also  that  the  chances  of  recovery  were  greater  when  the 
urea  output  was  marked. 

J.  Ewing^'*  observed  that  antitoxin  caused  an  increase  of  multi- 
nuclear  leucocytes  within  thirty  minutes.    In  severe  cases  hyperleuco- 

*  Author's  conclusion. 

=™  Atkinson:    .Jour,  of  Exper.  Med.,  vol.  v,  p.  67,  1900. 
"^Coldefy:    Birmingham  Med.  Review,  Feb.,  1905. 
"^Rolleston:    Practitioner,  May,  1905. 

Mongour:    Jour,  de  med.  de  Bordeaux,  vol.  xxv,  p.  217,  1895. 
"*J.  Ewing:    New  York  Med.  Jour.,  Aug.  10,  17,  1895. 
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cytosis  and  fever  occur.  Kucharzewski-"  also  found  that  moderate  doses 
of  diplitheria,  tetanus,  or  antistrcptococcus  serum  produced  a  leuco- 
cytosis  lasting  several  days. 

The  albuminuria,  following  the  use  of  antitoxin,  is  sometimes 
ascribed  to  the  disease,  but  Adae,""  having  examined  the  urine  in  25 
cases  before  using  antitoxin,  found  albuminuria  in  only  one  instance, 
while  in  all  it  appeared  at  once  after  the  injection.  This  symptom  was 
observed  to  follow  injections  of  antitoxin  in  42.5  per  cent,  of  the  cases  by 
Bokai,^"  in  64  per  cent,  by  Fiirth,"^  and  72  per  cent,  by  Solt- 
mann,^™  and  64.8  per  cent,  by  Schriider.^'"  In  animals  Vissmann^" 
ascertained  that  doses  in  the  relative  strength  given  to  children  caused 
nephritis. 

Untoward  Effects. — The  morbid  phenomena  that  follow 
large  therapeutic  doses  of  diphtheria  antitoxin  are  as  follows : 
fever,  due  to  increased  metabolic  activity,*  attended,  if  meta- 
bolism becomes  excessive,*  with  diminution  of  the  red  cor- 
puscles, sometimes  to  3,000,000,  and  albuminuria.  When 
metabolism  is  excessive,  it  causes,  owing  to  involvement  of  the 
vascular  walls,  correspondingly  marked  vasoconstriction*  and 
the  arterioles  of  the  pituitary  body  and  heart,  among  others, 
being  almost  closed,  the  functions  of  these  organs  are  inhibited,* 
giving  rise  to  faintness,  coldness  with  feeble  and  irregular  car- 
diac action.  In  rare  cases,  death  occurs.  When  constriction 
of  the  peripheral  arterioles  persists  there  occurs,  after  a  few 
days,  accumulation  of  waste  products  of  various  kinds*  in 
the  cutaneous  tissues,  and  eruptions,  especially  urticaria  and 
erythema,  may  appear,  along  with  increased  nitrogen  and 
phosphoric  acid  secretion  and  albumin.  This  may  last  several 
days  and  be  attended  with  redema,  bloody  diarrhoea,  acute  joint 
pains,  myalgias  and  neuralgia  due  to  intense  congestion  of  the 
various  structures  involved.*  The  inordinate  consumption  of 
chromatic  elements  in  the  nervous  elements  attending  this  ex- 
cessive metabolism,*  may  give  rise  to  paresis  or  paralysis  of 
muscles  in  different  regions,  especially  those  of  the  palate. 

These  morbid  symptoms  are  familiar  to  all  practitioners.  They 
obviously  correspond  with  those  of  the  agents  previously  reviewed  and 
indicate  further  the  similarity  of  their  action.  The  capillary  engorge- 
ment also  affects  the  internal  organs.    Thus  KossorotofP'^  found  that 

*  Author's  conclusion. 

Kucharzewski:    Arch,  intern,  de  pharmacod.  et  de  therap.,  T.  xii,  p.  117, 

1903. 

278Adae:  Med.  Correspondenzblatt  des  wurttemb.  Acrzt.  Landesv.,  Nu.  12, 
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^■"Bokai:    Deut.  med.  Woch.,  Bd.  xxi,  S.  233,  1895. 
2'8Furth:    Munch,  med.  V^^och.,  Bd.  xlii,  S.  689,  1895. 
2">SoUmann:    "Ueber  die  Erfolge  mit  Diphtherie  Heilserum,"  1895. 
=80  Schroder:    Munch,  med.  Woch.,  Bd.  xlii,  S.  327,  351,  1895. 
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in  rabbits,  injections  of  antitoxin  caused  a  marked  hyperismia  of  the 
liver,  kidneys  and  spleen,  and  marked  leueocytosis.  As  instance  of 
excessive  constriction  of  the  arterioles  I  may  mention  a  case  reported 
by  J.  P.  Marsh.^'  in  which  1500  units  caused  in  10  minutes  intense 
dyspnoea,  cyanosis  and  a  comatose  state,  during  which  the  patient,  a 
woman  of  39  years,  was  practically  blind  and  complained  of  general 
numbness.  This  was  followed  by  severe  itching  and  "stinging  rash," 
due  here  to  secondary  overdilation  of  the  arterioles  and  hypersemia  of 
the  skin  and  its  sensory  nerve  endings.  The  vasoconstrictor  action  may 
occur  immediately.  Thus  E.  R.  Houghton^^*  observed  an  instance  in  a 
pregnant  woman,  to  whom  another  practitioner  administered  a  protec- 
tive injection.  "At  once  she  felt  faint  and  very  cold,  but  after  a  few 
moments  rallied  and  went  home."  Her  8-months  foetus,  whicli  had 
shown  vigorous  movements  until  then,  no  longer  gave  evidence  of  life 
and  was  macerated  when  born  two  weeks  later.  Rolleston'-^^  states  that 
the  eruptions,  the  principal  varieties  of  which  are:  the  scarlatiniform, 
the  urticarial  and  the  circinate  erythematous,  depend  directly  upon  the 
size  of  the  dose. 

When  an  antitoxin  divested  by  heat  or  other  physico- 
chemical  procedures  of  its  trypsin  (complement)  is  employed, 
the  digestive  activity  of  the  blood's  auto-antitoxin  is  not  re- 
duced, since  it  is  adrenoxidase  (the  specific  immune  body)  which 
endows  all  ferments  with  their  power  as  such.*  The  profer- 
ment fibrinogen  is  in  reality  alone  destroyed  in  the  antitoxin;* 
and,  as  it  confers  on  the  ferment  merely  its  specific  character 
(proteolysis),  its  absence  does  not  affect  the  result,  as  consider- 
able trypsin,  and  therefore  trypsinogen,  is  available  in  the 
blood.*  This  proves,  however,  that  adrenoxidase  is  the  active 
agent  in  all  antitoxins* 

R.  B.  Gibson,^*"  in  reference  to  the  antitoxin  submitted  to  tem- 
peratures which  destroyed  their  ferment  or  complement,  states  that 
"Park  studied  the  possibility  of  eliminating  serum  rashes  by  treating  a 
considerable  number  of  cases  with  an  antitoxic  globulin  prepared  by 
Atkinson.  Rashes  were  still  produced."  Recently  Park  and  Throne'^' 
reported  a  series  of  cases  in  which  antitoxin  from  "the  nuclco-proteids 
and  insoluble  globulins  present  in  the  Atkinson  preparation  were 
eliminated."  They  obtained  somewhat  better  results  (due  probably  to 
the  loss  of  30  per  cent,  of  units  during  the  process),  but  found  that 
"the  antitoxic  effect  was  identical  with  that  of  the  whole  serum."  In 
fact,  they  "could  not  detect  the  slightest  evidence  that  any  desirable 
substance  in  the  antitoxic  serum  is  lost  by  the  refining  process."  Thus, 
the  elimination  of  nucleo-proteid  does  not  affect  the  action  of  the  globu- 
lin antitoxin  any  more  than  the  destruction  of  the  trypsin  by  heat.  It 
is  evident,  therefore,  that  the  active  body  in  antitoxin  is  the  only  remain- 
ing one,  adrenoxidase. 


*  Author's  conclusion. 

J.  p.  Marsh:    Amer.  Jour.  Med.  Sci.,  Dec,  1903. 
2«*B.  R.  Houghton:    Med.  Record,  Apr.  4,  1903. 
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Park  and  Throne:   Amer.  Jour.  Med.  Sci.,  Nov.,  1906. 
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Therapeutics. — All  the  disorders — diphtheria,  tetanus  and 
others — in  which  antitoxins  are  indicated  being  infections,  it  is 
perhaps  needless  to  state  that  the  physiological  action  I  describe 
in  the  foregoing  pages  accounts  clearly  for  the  beneficial  effects 
obtained. 

Another  feature  upon  which  some  stress  must  be  laid  is  that 
the  physiological  action  of  the  antitoxins,  as  I  interpret  it,  is 
identical  with  that  provoked  by  the  various  drugs  described  in 
the  present  chapter — each  of  which  likewise  introduces  its  own 
array  of  evidence.  If,  therefore,  we  grant  life-saving  prop- 
erties to  antitoxin — which  is  undoubtedly  the  case  in  so  far  as 
diphtheria  antitoxin  is  concerned — we  must  concede  the  same 
value  to  drugs  which  are  capable  of  evoking  in  the  blood  the 
formation  of  the  same  substance,  i.e.,  auto-antitoxin. 


CHAPTEK  XIX. 


THE  INTEKNAL  SECKETIOXS  IN  THEIR  EELATIONS 
TO  PHAEMACODYNAMICS  (Continued). 

THE  SYMPATHETIC  CONSTRICTORS  AND  THE  CRANIAL 
STRICTO-DILATORS  IN  ORGANIC  FUNCTION. 

We  have  seen  in  the  sixteenth  chapter  that  the  sympa- 
thetic system  is  autonomous  as  a  functional  entity,  and  that 
its  governing  center  is  located  in  the  posterior  pituitary,  with 
the  centers  of  motor  nerves. 

According  to  prevailing  teachings,  the  sympathetic  carries 
on  several  different  functions.  In  a  succinct  review  of  the  sub- 
ject, W.  S.  HalP  states,  for  example,  that  the  "more  important 
functions"  of  the  sympathetic  system  are  the  following: 
"(a)  c&Tdioacceleration  and  cardioaugmerdation  through  the 
branches  from  the  cervical  ganglia,  (b)  Secretory  impulses  to 
the  salivary  glands,  the  stomach,  the  pancreas,  the  liver,  the 
small  intestine,  the  large  intestine,  the  kidneys,  (c)  Vasomotor 
impulses,  both  constrictor  and  dilator,  to  all  arteries  and  arte- 
rioles, {d)  Motor  impulses  to  the  muscular  coats  of  the  stom- 
ach and  intestines,  causing  peristalsis  and  controlling  the 
pylorus  and  the  cardia  of  the  stomach,  (e)  Motor  impulses 
to  the  muscularis  mucosa  of  the  alimentary  canal,  causing  move- 
ments of  the  mucosa." 

Another  function  ascribed  by  physiologists  to  the  sympa- 
thetic, is  that  of  inhibition.  In  the  heart,  as  is  well  known, 
this  is  believed  to  be  the  physiological  function  which  counter- 
acts cardiac  acceleration;  in  the  intestine  it  is  thought  by 
some  to  oppose  peristalsis;  it  is  also  believed  by  many  to 
inhibit  the  contraction  of  certain  vessels,  etc.  As  this  inhibi- 
tion is  produced  by  stimulating  the  sympathetic  nerves  dis- 
tributed to  these  various  organs,  we  are  brought  to  the  con- 
clusion, in  view  of  the  fact  that  a  sympathetic  nerve  can  awaken 
function  by  causing  vasodilation,  that  it  can  also  inhibit  that 


^Hall:   Loc.  ext.,  p.  106,  1905. 
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function  by  causing  vasocontriction,  or,  in  other  words,  that  a 
sympathetic  nerve  can  inhibit  its  own  functions. 

That  the  whole  scheme  of  sympathetic  function,  as  now 
interpreted,  is  defective,  appears  to  me  very  evident.  HowelP 
rightly  states  that  "few  subjects  in  physiology  are  of  more 
practical  importance  to  the  physician  than  that  of  vasomotor 
regulation;  it  plays  such  a  large  and  constant  part  in  the  nor- 
mal activity  of  the  various  organs."  So  great  is  this  impor- 
tance, in  fact,  that  it  is  mainly  because  the  whole  question  of 
vasomotor  function  has  been  obscured  by  the  problematic  roles 
ascribed  to  it  by  physiologists,  that,  the  physiological  action  of 
drugs,  and  what  Virchow  has  termed  "physiologic  pathology" 
have  remained  so  obscure. 

In  the  sixteenth  chapter,  I  pointed  out  that  the  bulbar  vaso- 
constrictor center  was  independent  of  sympathetic  vasocon- 
strictor functions,  and  that  it  acted  only  as  intermediary  for 
the  transmission  of  sympathetic  impulses  down  the  cord.  The 
source  of  these  impulses  was  shown  to  be  the  pituitary  body, 
stimulation  of  which,  as  then  shown,  caused  typical  sympathetic 
vasoconstriction  in  the  periphery  and  a  marked  general  rise  of 
the  blood-pressure,  owing  to  the  resistance  of  the  constricted 
arterioles  to  the  general  circulation.  These  and  other  facts 
led  me  to  the  conclusion  that  the  neural  or  posterior  lobe  of  the 
pituitary  body  was  the  seat  of  the  sympathetic  center.  Eeturn- 
ing  to  the  confusing  functions  referred  to  above,  it  will  now 
become  evident  that  they  are  all  experimental  myths,  and  that 
the  one  function  which  the  sympathetic  fulfills — the  only  one 
fully  sustained  by  experimental  evidence — is  that  of  a  vasocon- 
strictor of  all  the  small  arteries  or  arterioles. 

Inhibition,  in  the  accepted  sense,  i.e.,  a  restraint  of  func- 
tional activity,  has  already  imposed  itself  upon  us  in  the  pre- 
ceding chapter,  where  we  saw  certain  toxins  and  drugs  cause 
excessive  constriction  of  the  vessels  of  the  pituitary  body  and 
heart.  That  such  vasoconstriction,  whether  produced  by  the 
latter  or  by  too  strong  a  current,  must  correspondingly  reduce 
the  caliber  of  a  vessel  and  reduce  the  volume  of  blood  passing 
through  it  is  obvious.  We  have  seen  that,  as  shown  by  Brown- 
Sequard  and  Porter,  the  caliber  of  the  coronaries  can  be 


2  Howell:    Loc.  cit.,  p.  531,  1905. 
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actively  reduced  by  stinmlating  the  vagal  vasomotor  nerves, 
the  origin  of  which  I*  traced  to  the  vasomotor  center.  Physi- 
ological text-books,  notwithstanding  the  evidence  submitted  by 
the  above-named  investigators  and  myself,  still  teach  that  the 
coronaries  are  deprived  of  vasomotor  nerves;  the  plate  repro- 
duced herewith  must  convince  them  of  their  error,  since  it  is  a 
microphotograph  of  coronaries  showing  unmistakably  the 
presence  of  these  nerves,  published  over  twelve  years  ago  by 
Heymans  and  Demoor.'* 

The  manner  in  which  the  heart  is  influenced  plainly  shows 
that  inhibition  is  due  merely  to  deficiency  of  blood  in  the  myo- 
cardium. HilP  states  that  moderate  stimulation  of  the  vagus 
(which  contains  the  vasomotor  fibers)  may  reduce  the  output 
of  blood  from  the  heart  30  to  50  per  cent.  E.  Weber"  observed 
that  during  partial  inhibition  the  cardiac  contractions  were 
weakened.  Schiff'  found  that  the  muscular  elements  of  the 
entire  organ  responded  less  or  not  at  all  to  stimuli.  Frangois- 
Franck,  FischeP  and  others  observed  that  the  cardiac  walls 
were  softer  than  usual.  GaskelP  characterizes  as  "most  strik- 
ing" the  attending  depression  of  activity. 

Can  we  regard  as  a  physiological  or  normal  function  a  pro- 
cess which  entails  paralysis  of  the  heart?  In  the  preceding 
chapter  we  found  that  toxic  doses  of  certain  drugs  could  pro- 
duce a  similar  effect — drugs  which,  in  excessive  doses,  were 
capable  of  so  violently  stimulating  the  vasomotor  center,  that 
the  caliber  of  the  coronaries  became  sufficiently  narrowed  to 
reduce  the  quantity  of  blood  in  the  cardiac  muscle  below  the 
physiological  limit,  which  means  enough  contractile  power  to 
project  the  blood  into  the  lungs.  That  inhibition  here  is  a 
process  brought  on  artificially  in  the  laboratory,  or  morbidly  by 
a  poison,  seems  plain. 

This  shows  that  excessive  constriction  of  even  large 
arteries  (for  the  coronaries  are  large  vessels,  when  compared 
to  those  supplied  by  sympathetic  nerves)  can  arrest  function. 

s  Sajous:    N.  Y.  Med.  Jour.,  May  14  and  21,  1904. 

*  Heymans  and  Demoor:  Mem.  couron.  de  I'Acad.  roy.  de  med.  de  Bel- 
gique,  T.  xiii,  p.  1,  1894. 

^Hill:    Schater's  "T.  B.  of  Physiol.,"  vol.  ii,  p.  1,  1900. 

0  E.  Weber:    "Handw.  d.  Physiol.,"  Bd.  ii,  S.  42,  1846. 

'  Schiff:    Archiv  f.  physiol.  Heilk.,  9  ter  Jahrg.,  S.  22,  1850-51. 

spischel:    Archiv  f.  exp.  Path.  u.  Pharm.,  Bd.  xxxviii,  S.  228,  1897. 

»Gaskell:    Schafer's  "T.  B.  of  Physiol.,"  vol.  ii,  p.  169,  1900. 
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May  we  not  expect  that  the  "small  arteries  and  arterioles  of 
the  body,"  in  view  of  their  diminutive  caliber,  will  be  con- 
stricted even  more  readily — sufficiently,  in  fact,  to  obliterate 
their  lumen  and  arrest  function? 

That  such  is  the  case  may  be  shown  by  the  following  evi- 
dence, which  has  been  thought  to  prove  the  existence  of  "inhibi- 
tory" sympathetic  fibers: — 

"Section  of  the  sympathetic  paralyzes  the  muscles  of  the 
vessels  which  are  located  in  the  field  of  distribution  of  the  great 
sympathetic,"  writes  Morat,"  "and  its  stimulation  causes  them 
to  contract."  This  conclusion  is  based  on  another  classical 
experiment  by  Claude  Bernard,  outlined  by  the  same  author, 
as  follows:  "Having  cut  the  sympathetic  in  the  neck  of  a 
rabbit,  he  observed  that  the  temperature  of  the  whole  of  the 
corresponding  side  of  the  head,  especially  of  the  ear,  was 
remarkably  raised.  On  making  the  counter-experiment  by 
stimulating  the  superior  end,  he  observed  that  the  temperature 
fell  below  the  original  temperature,  as  Brown-Sequard  had 
observed  almost  contemporaneously."  The  rise  of  temperature 
was,  of  course,  due  to  the  entrance  of  additional  blood  in  the 
capillaries  supplied  by  vessels  innervated  by  the  cut  sympa- 
thetic, while  conversely,  stimulation  of  the  upper  end  of  the 
latter  caused  constriction  of  the  same  vessels,  exsanguination 
of  the  same  area  and  hypothermia.  In  other  words,  this  illus- 
trates the  one  function  which  the  sympathetic  carries  on,  but 
in  the  small  vessels  and  arterioles  only. 

How  "inhibition"  can  be  provoked  in  these  vessels  will 
now  appear.  Morat"  writes:  "Dastre  and  Morat  showed,  in 
1881,  that  stimulation  of  the  great  cervical  sympathetic  causes, 
in  addition  to  the  oculo-pupillary  effects  [described  below],  and 
of  the  constriction  of  the  vessels  of  localities  which  are  habit- 
ually obvious,  like  the  ear,  dilatation  of  those  of  neighboring 
regions,  the  upper  and  lower  lip,  the  palatine  arch,  and  this 
very  clearly  in  the  dog.  Hence  the  sympathetic  contains  inhi- 
bitory vascular  nerves."  Interpreted  from  my  standpoint, 
however,  this  does  not  indicate  the  presence  of  such  nerves. 
Thus,  Morat  publishes  the  colored  engraving  reproduced  below. 


1"  Morat:  "Physiol,  of  the  Nerv.  Sys.,"  transl.  by  Syers,  p.  317,  1906. 
"  Morat:   Loc.  cit.,  p.  318. 
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in  which  the  effects  of  stimulation  of  the  sympathetic  are 
clearly  illustrated.  Dilation  of  the  pupil  and  exophthalmos 
are  plainly  shown,  but  the  salient  features  are  the  pallor  of  one 
side  of  the  tongue  and  ear,  as  contrasted  with  the  congestion  of 
the  lips,  gums  and  palatine  arch  of  the  corresponding  side. 
Now,  Morat  ascribes  the  localized  pallor  to  vasoconstriction — 
which  is  undoubtedly  true;  the  congestion,  however,  he  attrib- 
utes to  inhibition  of  this  vascular  constriction,  the  sympathetic 


Effects  of  Stimulation  of  the  Cervical  Sympathetic,  (ilorat). 

being  supposed  to  send  vasodilator  fibers  to  the  vessels  of  the 
corresponding  area.  The  nerve  is  thus  regarded  as  acting 
simultaneously  as  constrictor  and  dilator,  though  in  different 
areas.  From  my  standpoint,  a  simpler  and  more  logical 
explanation  asserts  itself,  viz.,  the  arterioles  of  the  pale  area 
being  alone  supplied  by  the  cervical  sympathetic,  they  contract 
when  the  latter  is  stimulated;  these  small  vessels  being  mark- 
edly constricted  as  shown  by  the  pallor,  the  circulation  through 
them  is  blocked  and  the  blood  accumulates  in  the  other  ves- 
sels— those  of  the  congested  area.    That  the  vessels  of  one  side 
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only  should  be  affected  is  obviously  due  to  the  fact  that  each 
side  has  its  own  arterial  supply  derived  from  the  corresponding 
carotid. 

As  to  the  supposed  vasodilator  properties  of  sympathetic 
nerves,  Langley/^  who,  by  the  way,  referring  to  the  presence  of 
such  vasodilators,  thinks  it  "premature  to  regard  the  question 
as  settled,"  writes:  "The  strongest  evidence  for  the  presence 
of  vasodilator  fibers  in  the  sciatic  is  that  afforded  by  the  series 
of  well-known  experiments  initiated  by  Goltz,^*  on  the  effect 
of  stimulating  the  sciatic  nerve  some  two  to  four  days  after 
cutting  it.  The  thermometric  method,  the  plethysmographic 
method,  and  direct  observation  have  given  similar  results, 
namely,  that  the  vasoconstrictor  action  becomes  less  as  time 
goes  on,  and  that  in  the  last  day  or  two,  before  irritability  com- 
pletely disappears,  the  vascular  dilatation  is  out  of  proportion 
to  the  preliminary  contraction,  or  occurs  without  any  contrac- 
tion at  all."  But  vasodilator  sympathetic  fibers  are  not  needed 
to  explain  this  phenomenon  when  we  take  into  account  the 
structural  difference  between  motor  and  sympathetic  nerves. 
The  latter  being  relatively  very  thin,  they  are  the  first  to  degen- 
erate and  are  soon  unable  to  cause  vasoconstriction.  The  motor 
nerve,  being  much  larger,  preserves  its  activity  longer,  and  its 
function  being,  as  a  motor  nerve,  to  cause  stricto-dilation,  this 
phenomenon  may  be  produced  after  sympathetic  has  ceased  to 
functionate.  As  everywhere  else,  the  sympathetic  acts  as  vaso- 
constrictor, while  the  motor  nerve  acts  as  vasodilator.  Lang- 
ley^*  concludes  a  comprehensive  study  of  the  subject  by  the 
statement  that  there  is  "no  satisfactory  evidence  that  the  sym- 
pathetic sends  vasodilator  fibers  to  the  skeletal  muscles" — nor 
anywhere  else,  I  would  add. 

Another  supposed  proof  that  the  sympathetic  can  act  as 
inhibitory  nerve  (of  a  function  in  this  connection)  is  that  of 
producing  intense  secretion  of  the  sebaceous,  lachrymal  and 
Meibomian  glands  by  dividing  the  nerve  in  the  neck.  But 
relaxation  of  the  arterioles,  and  the  consequent  engorgement 
of  the  glandular  ,elements,  will  produce  this  identical  effect — • 


i^Langley:    Schafer's  "T.  B.  of  Physiol.,"  vol.  ii,  p.  626,  1900. 
"Goltz:    Archiv  f.  d.  ges.  Pbysiol.,  Bd.  ix,  S.  174,  1874. 
"Langley:   Loc.  cit.,  p.  641. 
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without  in  the  least  pointing  to  the  presence  of  sympathetic 
"inhibitory"  or  "vasodilator"  nerves. 

This  indicates  that  "inhibition"  is  not  a  function  at  all, 
and  that  what  has  been  regarded  as  such  is  but  an  experimental 
phenomenon,  and  that  the  sympathetic  has  no  "dilator"  func- 
tions. 

The  "secretory"  function  of  the  sympathetic  is  poised  on 
an  equally  weak  foundation.  Morat^^  writes:  "In  1880,  Luch- 
singer  observed  that  stimulation  of  the  cervical  cord  causes  an 
abiandant  secretion  of  the  sudoriparous  glands  in  certain  regions 
of  the  face  (groin  [snout]  in  the  pig,  muzzle  in  the  ox),  just 
as  that  of  the  dorso-lumbar  sympathetic  causes  secretion  of  the 
glands  of  the  hindlimb  in  the  cat  and  dog.  Czermak  had 
already  observed  that  stimulation  of  the  cervical  cord  reacts 
on  the  submaxillary  gland,  causing  a  very  thick  saliva  lo  flow 
from  it;  in  both  cases  the  motor  or  secretory  nerves  of  the 
glands  are  put  in  action,  this  being  another  species  of  nervous 
action  which  may  be  added  to  the  preceding."  Again,  "CI. 
Bernard,  in  investigating  the  effects  of  the  section  of  the  cer- 
vical cord  in  the  horse,  had  observed  that  the  corresponding 
side  of  the  face  and  neck  was  covered  with  sweat.  But  this 
phenomenon  was  then  interpreted,"  remarks  the  author,  "as 
being  dependent  on  the  vascular  paralysis  which  follows  this 
secretion.  It  is  probable  that  it  means  something  further, 
namely,  the  cessation  of  an  inhibitory  influence  conveyed  by  the 
great  sympathetic  to  the  sweat-glands." 

The  supposed  inhibitory  influence  of  the  sympathetic  hav- 
ing proven  to  be  an  artificial  phenomenon,  as  just  shown,  the 
opinion  of  Claude  Bernard,  that  the  sweating  following  division 
of  the  sympathetic  was  due  to  paralysis  of  the  vessels,  i.e.,  to 
their  passive  relaxation,  stands.  Bernard's  conclusion  is  not 
only  sustained  by  my  views,  but  it  affords,  moreover,  the  clue 
to  secretory  phenomena  observed  when  the  central  end  of  the 
cut  nerve  is  stimulated.  Indeed,  the  fluid  secreted  differs  from 
true  saliva  both  in  physical  properties  and  quantity  secreted. 
It  is  far  more  viscid,  and,  as  shown  by  Heidenhain,  the  quantity 
secreted,  both  in  dogs  and  rabbits,  is  very  limited.  "Unless 
the  gland  has  been  secreting  under  the  influence  of  the  cranial 

1^  Morat:   Loc.  cit.,  p.  319. 
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nerve  [the  chorda  tymj^ani],  before  stimulation  of  the  sympa- 
thetic," writes  Langiey/'^  '"this  stimulation  causes  secretion  of 
a  few  drops  only,  or  it  may  be  much  less.  Thus,  in  the  dog, 
stimulation  of  the  sympathetic  for  a  minute  will  ordinarily  pro- 
duce two  or  three  drops  from  the  submaxillary  gland,  and  per- 
haps half  a  drop  from  the  sublingual."  To  call  this  a  "secre- 
tion" requires,  to  say  the  least,  considerable  good-will,  espe- 
cially in  view  of  the  fact  that  if  the  sympathetic  fibers  are 
regarded  as  the  vasoconstrictors  of  the  glandular  vessels,  con- 
striction of  the  latter  by  stimulating  the  cervical  sympathetic 
suffices  to  cause  the  forcible  projection,  into  the  gland,  of  an 
excess  of  blood  sufficient  to  account  for  the  "saliva"  secreted — 
a  few  drops  of  a  serum-like  fluid.  In  fact,  if  the  vessels  are 
allowed  to  relax  and  to  fill  again,  the  secreting  process  may 
be  renewed  at  corresponding  intervals.  Thus,  Langley  writes: 
"The  maximum  total  amount  of  saliva  is  obtained  by  stimulat- 
ing the  sympathetic  for  short  periods,  with  short  intervals  of 
rest.  Stimulated  in  this  way — say,  during  every  half-minute — 
the  sympathetic  will  give  from  the  submaxillary  gland  of  the 
dog  one-thircieth  to  one-sixtieth  of  the  quantity  of  saliva  that 
would  be  obtained  by  similar  stimulation  of  the  chorda  tym- 
pani." 

Here,  again,  we  are  certainly  not  dealing  with  a  secretory 
function,  but  with  an  artificial  process.  And  this  applies  as 
well  to  Luchsinger's  observation  upon  the  snout  of  swine  and 
the  muzzle  of  oxen.  By  stimulating  the  cervical  sympathetic, 
he  caused  excessive  constriction  of  the  smaller  arteries  and 
arterioles  supplied  by  this  nerve,  and  caused  them  to  increase 
momentarily  the  work  of  the  sudoriferous  glands  of  the  regions 
mentioned. 

A  brief  review  of  the  three  main  organs,  the  stomach, 
intestine  and  heart,  in  which  the  sympathetic  is  supposed  to 
produce  "inhibition"  or  carry  on  "secretory"  or  "motor"  func- 
tions, will  also  show  their  true  identity. 

Secretory  functions  are  ascribed  to  the  sympathetic  supply 
of  the  stomach  by  some  investigators,  in  addition  to  those  so 
conclusively  shown  by  Pawlow  to  belong  to  the  vagus.  But 
Fremont^^  found  that  when  the  stomach  was  solely  supplied 


i»  I,!ingley:  Schafer's  "T.  B.  of  Physiol.,"  vol.  i,  p.  495,  1898. 
"  Fremont:    C.  r.  de  I'Acad.  de  med.,  Seance  du  19  Nov.,  1895. 
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by  this  nerve,  i.e.,  when  both  vagi  had  been  divided,  the  secre- 
tion obtained  was  neutral  and  mucoid,  and  that  it  differed 
totally  from  the  active  gastric  juice  obtained  when  the  vagi 
were  whole,  a  fact  which  coincides  with  the  experimental  phe- 
nomena witnessed  in  the  submaxillary  gland.  Pawlow^*  showed 
that  division  of  the  splanchnic  nerve  did  not  influence  the 
character  of  the  gastric  secretion,  thus  indirectly  sustaining 
Fremont's  conclusion.  Contejean^*  ascertained  that  in  frogs, 
the  sympathetic  had  but  little  influence  upon  the  secretion.  A 
similar  conclusion  was  reached  by  Onuf  and  Collins-''  after 
experiments  in  cats.  Nor  are  the  movements  of  the  stomach 
even  governed  by  this  nerve.  Schiff  taught  that  motor  fibers 
were  supplied  by  the  sympathetic,  and  Morat  "observed  one 
case  in  which  the  rhythmical  contractions  of  the  stomach 
(and  intestines)  were  augmented  on  stimulation  of  the  splanch- 
nics."^^  As  a  rule,  however,  he  found  that  "excitation  of 
these  nerves  caused  diminution  of  the  tonus  as  well  as  of  the 
rhythmic  contractions  of  the  stomach."  Starling--  points  to 
the  trend  of  modern  thought  in  this  connection,  when  he  says : 
"All  observers,  however,  agree  in  describing  the  vagus  as  a 
motor  nerve  for  the  stomach." 

It  is  clear,  therefore,  that  the  sympathetic  is  not  the  secre- 
tory  nerve  of  the  stomach,  nor  the  motor  nerve  of  its  walls,  and 
that  the  only  nerve  concerned  with  these  functions  is  the  vagus. 
On  the  other  hand,  the  diminution  of  the  tonus  points  clearly 
to  excessive  vasoconstriction — i.e.,  to  the  vasoconstrictor  role 
of  the  sympathetic. 

Concerning  the  vasomotor  innervation  of  the  intestine, 
Langley^^  states  that  "nothing  is  yet  known  as  to  the  nerve-cell 
connection  of  the  cranial  nerve-fibers  to  the  gut,"  and,  refer^ 
ring  specifically  to  the  s}Tnpathetic,  the  cranial  and  the  sacral 
autonomic  systems,  says :  "The  relation  of  the  enteric  nervous 
system  to  those  Just  mentioned  is  at  present  only  a  matter  of 
guesswork."  This  state  of  things  is  plainly  due  to  the  mis- 
leading influence  of  excessive  experimental  vasoconstriction. 

Pawlow:    Archiv  f.  Physiol.,  S.  53,  1895. 
"Contejean:    Arch,  de  physiol.  norm,  et  path.,  Oct.,  1892. 
™  Onut  and  Collins:    Arch,  of  Neurol,  and  Psycho-Path.,  vol.  iii,  p.  .3,  1900. 
21  Cited  by  Starling:    Schafer's  "T.  B.  of  Physiol.,"  vol.  ii,  p.  324,  1900. 
=2  starling:    Ibid.,  p.  323. 
^^Langley:    Ihid.,  p.  694. 
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The  innervation  of  the  intestine  may  be  said  to  correspond  with 
that  of  the  stomach.  Kaiser,-*  Ludwig,  Ogata-^  and  others 
have  shown  that  the  digestive  process  may  proceed  in  the 
absence  of  the  stomach.  Now,  Howell/*  voicing  the  prevailing 
opinion,  states  that  the  fibers  received  from  the  sympathetic 
"give  mainly  an  inhibitory  effect  when  stimulated,  although 
some  motor  fibers  may  apparently  take  this  path."  As  "inhi- 
bition" means,  in  the  light  of  foregoing  facts,  hyperconstric- 
tion  of  the  arterioles,  Howell's  statement  proves  that  the  sym- 
pathetic supplies  vasoconstrictor  fibers  to  the  intestine.  In- 
deed, several  investigators,  including  Betz,  van  Braam-Houck- 
geest,"  Mail-*  and  Starling,-"  found  that  angemia  "inhibited" 
all  the  movements  of  the  intestines.  Experimental  dinainution 
of  blood  in  the  intestinal  vessels  produces  a  corresponding 
effect.  Thus,  Starling  states  that  if  the  aorta  in  the  chest  be 
obstructed,  "there  is  a  gradual  diminution  of  intestinal  tonus." 

 "If  now,"  adds  this  physiologist,  "the  blood  be  let  in, 

the  intestines  contract  immediately  once  or  twice,  then  pause, 
and  then  recommence  their  rhythmic  movements."  This 
clearly  shows  that  inhibition  is  due  here,  as  elsewhere,  to  a 
deficiency  of  blood,  whether  the  supply  be  reduced  by  exces- 
sive constriction  of  the  intrinsic  vessels  or  by  obstruction  of 
the  afferent  blood-stream  at  a  remote  spot. 

While  the  sympathetic  thus  clearly  asserts  itself  as  the 
vasomotor  nerve  of  the  intestine,  the  true  motor  nerve  of  the 
intestine  is  as  evidently  the  vagus:  "The  small  intestine  and 
the  greater  part  of  the  large  intestine,"  writes  Howell,^'' 
"receive  visceromotor  nerve  fibers  from  the  vagi  and  the  sym- 
pathetic chain.  The  former,  according  to  most  observers,  when 
artificially  stimulated,  cause  movements  of  the  intestine,  and 
are  therefore  regarded  as  the  motor  fibers." 

All  this  does  not  mean  that  either  the  stomach  or  intes- 
tine are  totally  dependent  upon  their  connections  with  the 
central  nervous  system  either  for  their  secretory  or  motor  func- 
tions.   Considerable  testimony  is  available  to  show  that  they 

"*  Kaiser:    Czerny's  "Beitragen  zur  operat.  Chirurgie,"  Stuttgart,  1S78. 
2s  Ogata:    DuBois-Reymond's  Archiv,  p.  89,  1883. 
2«  Howell:    "Amer.  T.  B.  of  Physiol.,"  p.  384,  1900. 

van  Braam-Houckgeest:    Archiv  f.  d.  ges.  physiol.,  Bd.  vi,  S.  266,  1872. 
28  Mall:    Johns  Hopkins  Hosp.  Rep.,  vol.  i,  p.  37,  1896. 
2»  Starling:    Lnc.  cit..  vol.  ii,  p.  331. 
30  Howell:    "T.  B.  o£  Physiol.,"  p.  648.  1905. 
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can  autonomously  secrete  and  undergo  peristaltic  movements, 
in  virtue  solely  of  their  inherent  irritability.  Adrenoxidase 
is  an  important  factor  in  this  connection,  since,  as  we  have 
seen,  the  irritability  of  all  cellular  elements  is  governed  by  the 
activity  of  the  interchanges  of  which  they  are  the  seat. 

As  to  the  heart,  we  have  already  seen  that  its  coronaries 
are  supplied  with  true  vasomotor  nerves,  and  I  referred  at  the 
time  to  the  fact  that  the  large  vessels  differed  from  the  smaller 
as  to  the  source  of  the  vasoconstrictor  fibers,  the  sympathetic 
being  an  autonomous  system.  Indeed,  the  sympathetic  gives 
rise  to  its  own  characteristic  phenomena  when,  from  any  cause, 
it  produces  vasoconstriction  of  the  terminal  arterioles  which 
it  supplies.  "It  has  long  been  known,"  write  Brodie  and  Eus- 
sell,*^  "that  slowing  of  the  heart  or  arrest  of  the  heart  can  be 
brought  about  reflexly  by  excitation  of  almost  any  afferent 
nerve  of  the  body  if  the  stimulus  be  sufficiently  great."  Par- 
ticularly sensitive  in  this  connection  are  the  abdominal  viscera, 
especially,  according  to  Tarchanoff^^  and  Frangois-Franck,''* 
when  these  organs  are  inflamed.  Goltz-''*  found  that  tapping 
of  a  frog's  intestines  or  stomach  readily  inhibited  the  heart. 
We  have  in  the  pugilistic  "solar  plexus"  blow  a  familiar  cause 
of  reflex  inhibition — not  any  more  a  physiological  process  than 
the  supposed  controlling  influence  of  the  vagus  on  the  heart. 
The  manner  in  which  the  sympathetic  vasomotor  terminals  pro- 
duce this  reflex  inhibition  is  suggested  by  the  fact  that  Newell 
Martin^^  "found  that  stimulation  of  the  vagus  causes  dilatation 
of  the  small  arteries  on  the  surface  of  the  heart  as  seen  through 
the  hand  lens."  "Moreover,"  writes  HowelP*  in  this  connec- 
tion, "when  the  heart  is  exposed  and  artificial  respiration  is 
stopped,  the  arteries  may  be  seen  to  dilate  before  the  asphyxia 
causes  any  general  rise  of  arterial  pressure."  These  results 
are  readily  accounted  for  when  it  is  borne  in  mind  that  the 
sympathetic  fibers  are  distributed  only  to  the  terminal  arter- 
ioles. The  two  exciting  agents  (toxic  wastes  due  to  hypo- 
catabolism  when  artificial  respiration  ceased,  as  to  the  second 


Brodie  and  Russell:    Jour,  of  Physiol.,  vol.  xxvi,  p.  92,  1900. 

32  Tarchanoff :    Arch,  de  physiol.  norm,  et  path.,  T.  ii,  2  serie,  p.  498,  1875. 

33  FranOois-Pranck :    Trav.  du  Lab.  de  Marey,  ii,  p.  221,  1876. 
3*  Goltz:    VirchoWs  Archiv,  Bd.  xxvi.  S.  1.  1863. 

35  Newell  Martin:  Trans.  Med.  and  Chir.  Faculty  of  Maryland,  p.  291,  1891. 
s»  Howell:    "T.  B.  of  Physiol.,"  p.  550,  1905. 
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cause),  by  causing  constriction  of  these  terminal  vessels, 
obstruct  their  blood-stream,  and  cause  the  latter  to  expand  the 
vessels  lehind  the  seat  of  obstruction. 

This  brings  us  to  the  specific  functions  of  the  sympathetic 
terminals.  Howell,^''  in  his  review  of  the  tonic  activity  of  vaso- 
motor nerves,  says:  "Normally,  the  arteries — that  is.  the  arte- 
rioles— are  kept  in  a  condition  of  tone  by  impulses  received 
through  the  vasoconstrictor  fibers."  He  evidently  means 
sympathetic  fibers,  for  all  the  examples  he  cites  refer  to  stimu- 
lation of  sympathetic  nerves.  Moreover,  Hall,  in  accord  with 
all  other  physiologists,  states  that  the  smaller  arteries  and 
arterioles  are  supplied  with  sympathetic  vasoconstrictor  fibers. 
Now,  Howell  writes :  "When  vasoconstrictor  fibers  are  stimu- 
lated there  is  a  rise  of  blood-pressure  in  the  artery  supplying  the 
organ  and  a  fall  of  pressure  in  the  veins  emerging  from  the 
organ.  This  result  is  what  we  should  expect  if  the  constriction 
takes  place  in  the  region  of  the  arterioles."  This  clearly  iden- 
tifies the  sympathetic  with  the  function  of  the  organ,  and  sug- 
gests that  it  influences  in  some  way  the  volume  of  blood  ad- 
mitted into  it. 

The  need  of  such  a  regulative  factor  almost  imposes  itself 
in  view  of  the  following  additional  statements  by  Howell :  "The 
capillary  region,  including  the  smallest  arterioles  and  veins, 
ofi'ers  a  great  resistance  to  the  flow  of  blood,  and  this  resistance 
is  spoken  of  as  the  peripheral  resistance.  Its  efi'ect  is  to  raise 
the  pressure  on  the  arterial  side  and  lower  it  on  the  venous 
side.  When  other  conditions  in  the  circulation  remain  con- 
stant it  is  found  that  an  increase  in  peripheral  resistance, 
caused  usually  by  a  constriction  of  the  arterioles,  is  followed 
by  a  rise  of  arterial  pressures  and  a  fall  of  venous  pressures. 
On  the  contrary,  a  dilatation  of  the  arterioles  in  any  organ  is 
followed  by  a  fall  of  pressure  in  its  artery  or  arteries  and  a  rise 
of  pressure  in  its  veins."  This  quotation  repeats,  in  a  measure, 
the  contents  of  the  foregoing  paragraph.  If,  however,  the  two 
are  carefully  compared,  a  salient  feature  will  assert  itself, 
namely,  it  is  the  sympathetic  fihers^  supplied  to  the  arterioles 
which  govern  peripheral  resistance  and  that,  therefore,  peri- 
pheral resistance  is  governed  by  the  sympathetic  center. 

3'  HoweU:   Ibid.,  p.  538. 
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The  far-reaching  importance  of  this  function  will  now 
assert  itself.  Osler^*  remarks:  "Tissue  irrigation  is  primarily 
from  the  heart,  but  in  all  extensive  systems  of  this  sort,  pro- 
vision is  made  at  the  local  territories  for  variations  in  the  sup- 
ply, according  to  the  needs  of  a  part.  The  sluices  are  arranged 
by  means  of  the  siop-coch  action  of  the  arteries,  which  contract 
or  expand  under  the  influence  of  the  vasomotor  ganglia,  cen- 
tral and  peripheral.  If  the  sluices  of  one  large  district  are  too 
widely  open,  so  much  blood  may  enter  that  other  important 
regions  have  not  enough  to  keep  them  at  work."  Now,  this 
"stop-cock  action  of  the  arteries"  cannot  be  accounted  for  when 
the  vasomotor  system  per  se  is  considered  as  the  mechanical 
factor  in  the  process,  since  constriction  of  the  larger  vessels 
would  overcome  that  of  the  smaller  into  which  they  drive  their 
blood.  The  body  is,  therefore,  as  I  have  shown  in  the  sixteenth 
chapter,  provided  with  an  autonomous  vasomotor  system,  the 
sympathetic,  which  presides  solely  over  this  "stop-cock  action." 
The  ganglia  to  which  Osier  refers  are,  in  fact,  as  every  one 
knows,  the  sympathetic  ganglia. 

This  "stop-cock  action"  has  a  specific  purpose  in  this  con- 
nection, however,  namely,  that  of  enforcing  the  resumption  of 
their  normal  caliber  to  the  small  vessels  and  arterioles  after 
dilation  by  the  stricto-dilators.  Through  this  role,  sympathetic 
fibers  take  an  active  part  in  all  organic  functions,  as  will  now  be 
shown. 

In  the  eighteenth  chapter  I  submitted  the  evidence  which 
had  led  me  to  conclude  (1)  that  an  exacerbation  of  activity  in 
any  organ  was  the  result  of  the  admission  into  it  of  an  excess 
of  blood  over  and  above  that  circulating  through  it  during 
repose;  (2)  that  this  was  brought  about  by  dilation  of  the 
arteries  which  admitted  the  blood  into  this  organ ;  (3)  that  this 
dilation  was  due  to  diminution  of  adrenoxidase  in  the  walls  of 
these  arteries  and  the  resulting  hypocatabolism  therein;  and 
finally  (4)  that  this  was  accomplished  by  cranial  motor-nerve 
terminals  distributed  to  the  vasa  vasorum  or  capillaries  which 
nourished  these  vessels. 

Now,  this  "stricto-dilation"  of  the  supply  arteries  may  well 
be  compared  to  turning  on  of  the  blood-stream  by  opening  the 
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stop-cock.  It  is  obvious,  however,  that  so  important  a  func- 
tion as  the  resumption  by  the  dilated  arterioles  of  their  normal 
caliber,  i.e.,  to  a  degree  of  contraction  exactly  adapted  to  nutri- 
tion and  just  short  of  functional  activity,  cannot  be  left  to  so 
iincertain  a  process  as  passive  dilation.  Nor  can  it  be  left  to 
the  fibers  of  the  vasomotor  system,  for  this  would  entail  con- 
striction of  the  larger  arteries  of  the  body  also,  and,  by  forcibly 
dilating  the  small  arteries  of  the  organ,  defeat  the  object  in 
view.  But  this  object  is  fulfilled  by  terminal  fibers  of  the 
sympathetic  which  provoke  vasoconstriction  of  the  arterioles. 
They  reduce  the  volume  of  blood  admitted  into  the  organ  dur- 
ing active  function — partly  turn  off  the  stop-cock,  as  it  were 
(not  entirely,  since  this  would  cause  arrest  of  function,  i.e., 
inhibition),  and  cause  the  organ  to  resume  the  passive  state — 
a  condition  in  which  it  is  ever  ready  to  become  active  when  the 
stream  of  blood  passing  through  it  is  again  enlarged  through 
the  vasodilator  impulses  of  the  stricto-dilators. 

The  schematic  illustration  shown  herewith  represents  in 
Figs.  1  and  2  the  mechanism  through  which  an  arteriole  is 
dilated  by  the  stricto-dilators,  which  are  fibers  of  a  cranial 
motor  or  secretory  nerve  (the  vagus,  facial,  etc.),  during  func- 
tion ;  and  then  restored  to  the  passive  state  by  the  sympa- 
thetic vasoconstrictor  fibers.  This  accounts  for  the  fact  that 
the  sympathetic  center  is  located,  as  I  pointed  out  in  the  six- 
teenth chapter,  in  the  same  organ  to  which  I  had  traced  the 
cranial  nerves,  viz.,  the  posterior  or  neural  lobe  of  the  pituitary 
body.  The  purpose  of  this  intimate  relationship  is  self-evident, 
now  that  we  have  seen  that  the  functions  of  all  organs  are 
carried  on  by  the  joint  action  of  the  terminals  of  a  cranial  and 
sympathetic  nerve. 

Briefly,  it  appears  to  me:  (1)  That  the  sympathetic 
system  does  not,  as  now  believed,  carry  on  motor,  dilator, 
secretory,  or  inhibitory  functions;  (3)  tliat  its  function  is 
purely  vasoconstrictor,  its  field  being  limited  to  the  small  arte- 
ries or  arterioles;  (3)  that  it  is  entirely  independent  of  the 
vasofnotor  system,  (ivliose  action  is  general),  being  capable,  unlike 
the  latter,  of  influencing  each  organ  individually ;  (4)  that  its 
terminals  form  part  of  the  mechanism  of  all  organs;  (5)  that 
the  specific  role  of  its  terminal  fibers  is  to  oppose  the  stricto- 


SCHEMA  DF  THE  STRICTD-EILilTDR  (CRSN- 
liiL-MOTDR)  ilNE  ST'MPilTHETIC  NERIZES  IN 
THEIR  RELilTIDNS   TD   DRG-ANIC  FUNCTION, 

[Sajous.] 

Fig,  1,  DURIIME-  FUNCTIDN';  ilTterialE  a  dilated;  strlctn-dilatar  b  ac- 
tive and  vasa  vasarum  c  constrictEd;  sympathetin  d  passive, 

Fig,  2.  DURUNTG  REST,  DTgan.  being  kept  rLDurished:  Arteriole  a  semi- 
□  □ntracted;  stricta-dilator  "h  passive  and  vasa  vasorum  □  dilated;  sympa- 
tlietic  d  active. 

Fig,  3,  UURING-  INHIBITIDlNr  (excessive  and  therefoTE  marbid  con 
striction),  the  organ  being  deprived  of  blood;  ilrteriole  a,  lumen  obliterated 
stricto-dilator  b  passive  and  vasa  vasorum  c  dilated;  sympathetic  d  over 
active. 
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dilators  and  restore  the  arterioles  of  an  organ  to  their  normal 
caliber  when  the  functional  activity  of  that  organ  is  to  cease; 
(6)  that  the  volume  of  blood  which  circulates  through  any 
organ.,  whether  the  latter  he  in  the  passive  state  or  functionally 
active,  is  regulated  by  the  joint  action  of  the  motor  and  sympa- 
thetic centers  in  the  posterior  pituitary;  (7)  when  the  organ  is 
to  become  functionally  active,  the  stricto-dilators  cause  its  ves- 
sels to  relax  and  to  augment  the  volume  of  blood  coursing 
through  it;  when  its  activity  is  to  cease,  the  sympathetic  con- 
strictors cause  tlie  vessels  to  contract  sufficiently  to  reduce  the 
blood  in  transit  to  the  volume  required  for  adequate  local 
nutrition. 

The  conjoined  action  of  the  sympathetic  and  cranial 
terminals  subserves  another  role  of  special  importance  in 
pathology  and  therapeutics. 

That  the  sympathetic  fibers  distributed  to  the  arterioles 
serve  to  maintain  their  tone  is  a  recognized  fact.  It  becomes 
a  question,  however,  whether  so  simple  a  mechanism  meets  the 
needs  of  the  functions  these  small  vessels  must  perform.  The 
blood  they  transfer  into  the  capillaries  meets  therein  very  great 
resistance,  not  only  in  the  skin,  the  familiar  "peripheral 
resistance,"  but  in  all  organs.  The  diffusion  of  the  blood- 
plasma  through  the  endothelial  walls  of  the  capillaries  is  so 
closely  interwoven  with  the  vital  process  itself  that  the  need 
of  a  mechanism  to  regulate  the  pressure  in  the  capillaries 
almost  imposes  itself.  The  regulation  of  the  surface  tempera- 
ture, so  important  to  the  well-being  of  the  entire  organism,  also 
seems  to  require  the  presence  of  a  local  mechanism  capable  of 
adjusting  the  cutaneous  circulation  to  the  needs  of  the  moment. 
Blushing,  which  under  the  influence  of  emotion  may  occur  sud- 
denly and  last  as  long  as  the  emotion  lasts,  betokens  the  pres- 
ence of  something  more  than  a  system  of  fibers  calculated  to 
sustain  vascular  tonicity,  especially  when  peripheral  resistance 
is  taken  into  account.  The  flushings  of  menopause,  the  "heat- 
waves" of  various  disorders,  localized  inflammation,  etc.,  all  of 
which  occur  irrespective  of  any  general  febrile  state  and  fever 
itself,  are  but  examples  of  many  patho-physiological  phenomena 
which  point  in  the  same  direction. 

All  the  evidence  submitted  in  the  foregoing  pages  not  only 
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affords  additional  testimony  to  the  effect  that  a  more  impor- 
tant mechanism  is  present  at  the  threshold  of  the  capillary  sys- 
tem than  has  as  yet  been  discerned,  but  it  indicates  a  close 
parallelism  between  the  physiological  role  of  the  heart  and  that 
of  the  arterioles.  The  heart's  innervation  consists  likewise  of 
cranial  and  sympathetic  filaments  by  which  the  organ's  con- 
tractile power  and  rhythm  are  regulated.  Like  the  arterioles, 
it  has  great  resistance  to  overcome,  and  does  it  by  periodical 
muscular  contractions — dilation  to  admit  the  blood  it  is  to  dis- 
tribute through  the  arteries,  constriction  to  project  it  into 
these  vessels.  Briefly,  the  arterioles,  considered  in  this  light, 
are,  like  the  heart,  contractile  muscular  organs  which,  owing 
to  their  contractility  (governed  by  cranial  and  sympathetic 
nerves  through  impulses  received  from  their  respective  centers 
in  the  posterior  pituitary),  are  able  to  project  and  actually 
propel  the  blood  with  sufficient  vigor  to  overcome  resistance. 
While  the  heart  impels  its  blood  into  the  arteries,  the  arterioles 
project  theirs  into  the  capillaries — pumping  each  wave  in,  as 
it  were. 

We  have  striking  examples  of  such  a  function  in  many 
lower  forms,  i.e.,  animals  in  which  a  vessel  may  even  fulfill  the 
functions  of  a  heart.  "In  the  various  groups  of  worms  there 
are  many  which  possess  a  very  elaborate  vascular  system," 
writes  Willey,  "while  not  one  of  them  possesses  a  heart.  In 
fact,  in  the  last  mentioned  forms,  the  place  of  a  heart  is  taken, 
functionally,  by  contractile  hlood-vessels.  And  this  is  the  case 
with  Amphioxus" — a  lively  little  animal,  as  any  one  knows  who 
has  handled  it. 

The  manner  in  which  the  blood  streaming  through  the  arte- 
rioles is  further  propelled  by  the  contractions  of  these  vessels 
at  each  pulsation,  suggests  itself  when  a  peculiarity  in  the  struc- 
ture of  the  muscular  coat  of  these  small  arteries  is  taken  into 
account.  BerdaP*^  states  that  "muscle-cells  form  a  single  and 
continuous  layer  around  the  small  vessel"  and  that  "they  are 
wrapped  spirally  around  the  arteriole."  This  is  shown  in  the 
annexed  plate.  That  they  receive  nerve-fibers,  i.e.,  sympathetic 
filaments,  we  have  seen.  Now,  nerve-impulses  to  muscle-cells 
so  disposed  around  a  vessel,  cause  not  only  constriction,  but  also 
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— the  contraction  starting  from  the  inner  end  of  the  spiral  mus- 
cle and  proceeding  toward  tlie  capillary — centrifugal  propul- 
sion of  the  blood.  This  mechanism,  which  may  be  likened  to 
that  of  a  tight  ring  slid  along  a  flexible  tube,  is  a  counter- 
part of  that  to  which  the  propulsion  of  food-stuffs  in  the  intes- 
tinal canal  is  due.  Indeed,  this  parallelism  appears  to  me  very 
suggestive,  since  the  intestines  and  arterioles  represent  in  reality 
the  extremities  of  the  alimentary  system :  the  intestines  for  the 
admission  of  food  materials,  and  the  arterioles  for  their  dis- 
tribution to  the  tissues. 

As  a  corollary  to  the  foregoing  conclusions,  I  would  sug- 
gest, therefore:  (1)  that  the  cranial  and  sympathetic  filaments 
distributed  to  the  arterioles  carry  on  an  additional  and  more 
important  function  than  that  of  maintaining  their  tonus;  (2) 
that  these  nerves,  owing  to  the  presence  in  the  walls  of  the  arte- 
rioles of  spirally  disposed  muscles,  endow  these  vessels  with  a 
special  property:  that  of  increasing  the  vis  a  tergo  m,otion  of 
the  blood  in  order  to  overcome  the  resistance  of  the  capillaries. 

DRUGS   WHICH   PROMOTE   THE    FORMATION   OF  AUTO-ANTI- 
TOXIN AND  INCITE  AN  ARTIFICIAL  FEVER  BY  EXCITING 
THE  VASOMOTOR  AND  SYMPATHETIC  CENTERS. 

"Since  the  researches  of  Claude  Bernard,  of  Vulpian,  of 
Kolliker,"  writes  Eichet,^®  "the  term  'curarizing  poisons'  is 
given  to  many  substances  which,  like  curare,  abolish  the  action 
of  motor  nerves  upon  muscles.  The  action  of  these  sub- 
stances," adds  this  eminent  physiologist,  however,  "is  hardly 
better  known  than  that  of  curare  itself.  It  is  generally  ad- 
mitted that  it  is  upon  the  intramuscular  terminals  that  these 
poisons  elect  to  attack;  but  we  are  far  from  being  informed 
as  to  the  modifications  of  which  they  are  the  seat."  The  list 
of  the  poisons  referred  to  includes  the  alkaloids  of  drugs  in 
general  use,  atropine,  aconitine  and  brucine,  for  instance. 

As  interpreted  from  my  standpoint,  the  prevailing  belief 
that  these  drugs  act  directly  upon  the  nerve-endings  is  errone- 
ous and  misleading. 

That  a  motor  nerve  augments  the  volume  of  blood  supplied 
to  an  organ,  and  thereby  incites  functional  activity,  was  shown 
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by  Claude  Bernard.  Indeed,  as  emphasized  by  Arnold,  Brown- 
Sequard,  Budge,  and  recently  by  Jacques  Loeb,*"  ganglia  and 
nerves  serve  only  to  increase  the  inherent  sensitiveness  of  a 
given  structure  by  enhancing,  through  a  greater  blood  supply, 
its  intrinsic  metabolism.  I  have  just  pointed  out  how  this  is 
accomplished,  viz.,  by  stricto-dilation  of  the  arterioles  of  an 
organ.  We  have  seen,  moreover,  that  vt^hen  the  functions  of 
this  organ  are  to  cease,  the  sympathetic  fibers  distributed  to 
the  muscular  layer  of  its  arterioles  cause  the  latter  to  contract. 

The  effects  of  curare — and  of  the  many  poisons  it  exem* 
plifies — are  no  longer  obscure  when  this  mechanism  is  taken 
into  account. 

It  is  now  claimed  that  the  classical  experiments  of  Claude 
Bernard  and  Kolliker,  in  which  ligation  of  the  arteries  of  one 
leg  protects  it  from  the  effects  of  the  poison,  prove  that  curare 
acts  directly  upon  the  peripheral  tissues  and  not  primarily  on 
the  central  nervous  system.  This  claim  is  unfounded,  how- 
ever, in  the  light  of  my  views,  since  the  immunity  of  the  leg 
referred  to  can  be  explained  in  another  way.  Thus,  if  the 
injected  curare,  by  acting  directly  upon  the  sympathetic  center, 
were  to  cause  sufficient  constriction  of  the  arterioles  of  the  leg- 
muscles,  ligation  of  the  artery  of  that  leg  would  also  annul  the 
effects  of  the  poison  in  that  leg,  since  the  resulting  ischsemia 
of  the  walls  of  the  arterioles  below  the  ligature  would  prevent 
the  marked  constriction  of  the  sympathetic  terminals,  which 
causes  paralysis  by  blocking  the  circulation  to  the  nerve  ter- 
minals, the  muscles,  etc.  The  poison,  by  irritating  the  central 
origin  of  the  nerves  to  the  arterioles,  would  thus  paralyze  all 
the  muscles  of  the  body  with  the  exception  of  those  of  the 
limb,  as  observed  experimentally. 

As  we  will  see,  this  general  principle  is  applicable  to  many 
drugs,  including  angestheties  and  analgesics.  In  the  case,  at 
least,  of  some  of  the  latter,  the  action  on  the  sympathetic  cen- 
ter is  of  such  importance  that  the  peripheral  effects  are  arrested 
experimentally  by  section  of  the  basal  or  spinal  paths  through 
which  sympathetic  impulses  are  transmitted. 

Kichet  also  says,  however:  "Nerve-cells  are  exceedingly 
varied,  and  the  various  poisons  do  not  exert  the  same  action 
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upon  them.  There  are  special  affinities  by  this  or  that  nervous 
element,  for  this  or  that  poison.  Atropine  will  fix  itself  upon 
the  nerve-terminals  of  the  motor  cells  of  the  third  or  tenth 
pair;  curare,  upon  the  motor  nerves  of  vegetative  life;  mus- 
carine, upon  the  cardiac  ganglia;  digitaline,  upon  the  bulbar 
cardiac  centers;  cocaine,  upon  the  sensory  terminals  of  nerves." 
While  the  fact  that  the  local  application  of  the  drugs  referred 
to  produces  these  effects,  such  is  not  the  case  (in  the  light  of 
my  views)  when  they  are  administered  orally,  subcutaneously  or 
intravenously;  all  the  "curarizing"  drugs  act  in  the  manner 
specified  above,  viz.,  by  exciting  the  sympathetic  center,  either 
alone  or  as  one  of  the  centers  of  a  group  for  which  the  drug 
may  have  special  affinity — precisely  as  it  has  for  peripheral 
nerve-cells  when  applied  topically. 

The  action  of  a  drug  upon  the  vasomotor  center — affecting 
through  it  the  larger  vessels — is  shown  in  the  following  experi- 
ment related  by  Leonard  Hill:*^  "By  the  injection  of  essential 
oil  of  absinthe  in  a  curarized  animal,  the  vasomotor  center  can 
be  excited  to  the  discharge  of  a  succession  of  powerful  spasms, 
by  each  of  which  the  arterial  pressure  is  driven  up  to  a  great 
height.  This  phenomenon  suggests  a  clonic  fit  of  the  center, 
the  clonus  of  involuntary  muscle  naturally  taking  place  at  a 
far  slower  rate  than  that  of  skeletal  muscles."  It  is  evidently 
the  action  of  the  vasomotor  center  alone  which  caused  the  great 
rise  of  pressure,  since — interpreted  from  my  viewpoint — the 
curare  had  already  excited  the  sympathetic  center,  producing 
excessive  constriction  of  the  arterioles  and  (what  is  now  be- 
lieved to  be  paralysis  of  the  nerve  terminals  directly  by  the 
poison)  ischa^mia  of  the  nerve-endings  and  arrest  of  their  func- 
tions. The  great  rise  of  blood-pressure  itself  thus  becomes  a 
normal  result  of  the  obstruction  presented  by  the  constricted 
arterioles  to  the  blood  projected  towards  the  periphery  by  the 
deeper  and  greater  vessels  which  are  themselves  constricted,  but 
through  impulses  from  the  vasomotor  center.  An  important 
feature  is  emphasized  by  these  facts,  viz.,  that  the  vasomotor 
center  can  be  stimulated  independently  of  the  sympathetic 
center,  and  vice  versa. 

These  two  centers  may  even  be  caused  to  antagonize  each 

"Leonard  Hill:    Schater's  "T.  B.  of  Physiol.,"  vol.  ii,  p.  139,  1900. 
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other.  Thus,  as  stated  by  Stewart,*-  a  small  dose  of  atropia, 
given  hypodermically,  "abolishes  the  secretory  action  of  the 
chorda  tympani."  He  also  says,  however,  that  "pilocarpine  is 
the  physiological  antagonist  of  atropia,  and  restores  the  secre- 
tion which  atropia  has  abolished,"  as  first  shown  by  Langley. 
Now,  after  atropia,  by  stimulating  the  sympathetic  center,  has 
caused  hyperconstriction  of  the  arterioles,  the  chorda  tympani 
can  no  longer  increase  the  flow  of  saliva  when  excited,  becaiise 
the  arterioles  are  Icept  constricted  by  the  sympathetic  constric- 
tors. This  is  overcome  by  pilocarpine,  however,  because  it 
causes  (1)  "after  a  few  moments,"  as  stated  by  Wood,**  "the 
characteristic  phenomena  of  a  slow  pulse  with  increased  arterial 
pressure" — which  means  that  it  excites  powerfully  the  vaso- 
motor center,  the  slowing  of  the  heart  being  due  to  the 
increased  resistance  of  the  blood-column.  This  provides  a 
mechanical  agent  capable  of  enforcing  relaxation  of  the  con- 
stricted arterioles:  the  centrifugal  pressure  of  the  blood  pro- 
jected into  it  by  the  deeper  contracting  arteries. 

We  thus  have  two  centers  acting  individually,  sympathetic 
and  vasomotor,  and  peripheral  effects  which  require  no  local 
action  of  the  drugs  to  account  for  them.  If  we  now  add  the 
adrenal  center,  influenced  through  the  test-organ,  and  the  reac- 
tion of  which  to  toxics  has  already  been  shown,  we  have  three 
centers  which  (simply  because  of  their  identity  as  the  most 
highly  organized  sensitive  structures  of  the  body)  are  stim- 
ulated— or  better,  irritated — by  certain  agents,  several  of  which 
are  among  our  time-honored  remedies. 

The  remedies  studied  in  the  present  chapter  will  include 
those  which,  besides  calling  forth  a  reaction  of  the  test-organ 
and  through  it  increased  functional  activity  of  the  adrenal  cen- 
ter, excite  (as  a  foreign  constituent  of  the  blood)  either  the 
sympathetic  center  or  the  vasomotor  center.  It  will  be  shown 
that  in  each  case  the  specific  action  of  the  drug  is  accounted 
for  through  the  combination  of  centers  afl'ected,  and  the  degree 
of  irritation  to  which  the  drug  submits  each  of  them.  Al- 
though the  latter  are  always  placed  in  evidence,  and  the  data 
submitted,  in  accord  with  recorded  experimental  evidence,  point 


*2  Stewart:    "Manual  of  Physiol.,"  p.  347,  1900. 
"Wood:    Loe.  cit.,  thirteenth  edition,  p.  724,  1906. 
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to  them  as  the  nervous  elements  (owing  to  their  greater 
inherent  sensitiveness)  most  actively  excited  by  the  drug,  it  is 
possible  that  in  the  case  of  some  agents,  strychnine  for  example, 
the  subsidiary  centers  of  the  cord,  bulbar  and  spinal,  may  be 
likewise  excited  as  they  are  in  the  lower  vertebrates,  the  frog, 
for  instance.  This  applies  mainly,  however,  to  those  drugs 
wliich  affect  the  vasomotor  (bulbar)  center.  In  drugs  of  the 
coal-tar  series,  such  as  antipyrin  and  other  antipyretics,  for 
example,  all  effects  cease  when  the  base  of  the  brain  is  tran- 
sected far  above  the  bulb  and  immediately  in  front  of  the 
pituitary  body — the  organ  which  contains  the  adrenal  and  sym- 
pathetic centers. 

A  salient  fact  asserts  itself  in  this  connection,  however, 
viz.,  that  drugs  administered  internally  invariably  affect  nerve- 
cells  of  the  spinal  system  only.  There  is  no  tangible  proof  in 
support  of  the  prevailing  belief  that  drugs,  belladonna  and 
cocaine,  for  instance,  produce  delirium  by  acting  directly  on 
the  cerebral  nerve-cells;  while,  conversely,  there  is  ample  evi- 
dence to  the  effect  that  hypergemia  of  these  cells — especially  in 
view  of  the  fact  pointed  out  by  myself  that  adrenoxidase-laden 
plasma  circulates  in  nervous  elements  as  it  does  in  all  other 
cellular  elements — can  provoke  this  symptom.  Hypersemia  is 
purely  a  motor  phenomenon,  i.e.,  an  excess  of  blood  driven  into 
the  brain  by  excessive  vasomotor  activity.  We  have  in  the 
cutaneous  hypersesthesia  produced  by  corresponding  drugs,  not 
only  evidence  to  this  effect,  but  proof  that  the  sensory  ele- 
ments— such  as  those  of  which  the  entire  cerebrum  is  composed — 
(though  capable  of  transmitting  impulses  to  the  cord  which 
therein  awaken  motor  stimuli)  can  be. rendered  overactive  by 
a  supranormal  supply  of  blood. 

On  the  whole,  in  the  light  of  my  views,  (1)  drugs  admin- 
istered by  the  mouth  or  hypodermically  produce  none  of  their 
effects  hy  acting  directly  on  peripheral  structures,  including  the 
cerebrum,  heart  and  cutaneous  sensory  nerve  organs;  (2)  they 
invariably  do  so  by  stimtilating  or  depressing  one  or  more  cen- 
ters in  the  spinal  system,  and  particularly,  and  in  many  instances 
solely,  those  located  in  its  chief  center,  the  .posterior  pituitary 
body. 

The  drugs  reviewed  in  the  present  chapter  are  those  which 
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— as  I  interpret  their  physiological  action — stimulate  the  three 
centers  referred  to — all  of  which  influence  the  body  at  large. 
When  stimulated  by  either  of  these  drugs,  the  sympathetic  cen- 
ter reacts  in  its  own  specific  way.  In  other  words,  it  is  the 
function  of  the  sympathetic  terminals  to  regulate  the  tonus  of 
the  arterioles,  i.e.,  their  mean  caliber  during  their  dilation  and 
contraction  at  each  pulsation,  and  it  is  this  function  that  they 
exaggerate  when  their  center  is  excited :  they  reduce  this  mean 
caliber.  At  first,  however,  or  when  small  therapeutic  doses  are 
given,  this  serves  only  to  increase  the  propulsive  activity  of  the 
arterioles,  for  the  abnormal  narrowing  of  these  vessels  is  fol- 
lowed by  their  reflex  dilation  (stricto-dilation  from  my  view- 
point)— a  generally  recognized  function,  the  increase  of  the 
propulsive  power  being  due  to  the  fact  that  both  dilation  and 
contraction  of  the  vessels  are  exaggerated.  Gradually  as  the 
dose  is  increased,  however,  the  sympathetic  stimuli  become  so 
energetic  that  the  arterioles  are  kept  constricted,  the  vasodila- 
tor reflex  action  being  increasingly  overpowered.  Finally,  their 
constriction  becomes  such  that  their  lumen  is  obliterated,  a 
condition  which  entails  death  by  arrest  of  the  circulation  in 
the  heart  muscle. 

The  drugs  which  excite  the  vasomotor  center,  by  provoking 
constriction  of  the  larger  and  deeper  vessels,  force  an  increased 
volume  of  blood  towards  the  periphery.  The  arterioles  may 
not  only  remain  passive  under  these  conditions,  but  they  may 
be  forcibly  dilated  by  the  centrifugal  streams,  and  the  blood 
invade  the  tissues.  The  symptoms  of  excessive  hypergemia 
witnessed,  cerebral,  muscular,  etc.,  are  but  normal  results  of 
such  a  process. 

The  drugs  reviewed  in  the  present  section  are  all  able 
more  or  less  actively  to  excite  the  test-organ,  and  thus  to 
increase,  through  the  adreno-thyroid  center,  the  volume  of  adren- 
oxidase  and  thyroidase  produced.  This  means  that  they  can 
enhance  the  protective  properties  of  the  blood  by  augmenting 
its  proportion  of  auto-antitoxin.  The  main  subjective  phenome- 
non awakened  is  a  rise  of  temperature,  the  adrenal  center  being, 
as  I  have  shown,  the  heat  or  thermogenic  center.  Altliough  the 
adrenal  center  is  alone  mentioned  in  this  connection,  it  is  be- 
cause the  only  phenomena  in  evidence  are  traceable  only  to  this 
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center.  That  its  "thyroid"  moiety  is  also  active  is  probable, 
however,  since  an  increase  of  adrenoxidase  involves  a  corres- 
ponding increase  of  all  its  constituents,  including  thyroidase. 

The  effect  produced  by  the  simultaneous  excitation  of  vari- 
ous combinations  of  these  three  centers  can  be  best  illustrated 
by  an  outline  of  the  mode  of  action  of  the  various  drugs  treated 
in  this  chapter.  It  will  serve  to  show,  moreover,  that  notwith- 
standing the  simpler  explanation  of  their  action  which  I  sub- 
mit, the  specific  action  of  each  drug  remains  clearly  defined. 

The  physiological  action  of  helladonna  and  atropine  illus- 
trates the  joint  action  of  the  adrenal  and  sympathetic  centers. 
A  protective  reaction  of  the  test-organ  being  provoked,  the 
blood  is  rendered  richer  in  adrenoxidase  and  therefore  in  auto- 
antitoxin.  The  sympathetic  center  being  simultaneously  ex- 
cited, the  propulsive  activity  of  the  arterioles  is  enhanced  and 
an  unusual  quantity  of  blood  rich  in  adrenoxidase  and  auto- 
antitoxin  is  thus  projected  into  the  capillaries  of  all  organs. 
Hence  the  cutaneous  hypera^mia  and  other  symptoms  observed. 
The  beneficial  effects  thus  become  plain:  it  initiates  an  artifi- 
cial fever,  and  enhances  circulatory  activity  in  exposed  organs. 
Its  toxic  effects  become  manifest  through  the  sympathetic  cen- 
ter, the  result  being  excessive  constriction  of  the  arterioles  of 
the  heart  and  anterior  pituitary,  the  circulation  in  these  organs 
becoming  inadequate  to  sustain  life. 

Digitalis  lilvcwise  stimulates  the  two  centers  affected  by 
belladonna.  Indeed,  like  atropine,  digitaline  in  large  doses 
causes  dryness  of  the  throat,  dilation  of  the  pupil,  hallucina- 
tions, etc.  Digitalis  differs  from  belladonna,  however,  in  that 
it  excites  much  more  actively  the  adrenal  center,  and  with  less 
vigor  the  sympathetic  center.  The  blood  is  thus  not  only  made 
richer  in  adrenoxidase  and  other  substances  which  sustain 
metabolism  and  nutrition,  but,  the  center  which  governs  the 
propelling  power  of  the  arterioles  being  activated,  the  nutri- 
tional elements  are  driven  into  the  tissues,  including  the  vas- 
cular and  cardiac  muscle,  with  unusual  vigor.  The  energy 
with  which  digitalis  excites  the  test-organ,  and  through  it  the 
adrenals,  manifests  itself  in  another  way:  the  direct  action  of 
the  excess  of  secretion  on  the  right  ventricle.  So  marked  is 
this  action  that  large  doses  disturb  the  synchronism  of  the  two 
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ventricles.  It  is  through  both  the  arterial  and  venous  blood 
it  receives  that  the  heart's  power  is  increased  and  sustained  by 
adequate  nutrition. 

Nux  vomica  and  strychnine  introduce  another  combination : 
stimulation  of  the  adrenal  center  (through  the  test-organ)  and 
of  the  bulbar  vasomotor  center.  Here,  the  metabolic  activity 
of  all  organs  and  their  nutrition  is  likewise  enhanced,  but 
instead  of  activating  the  sympathetic  center  which  increases 
the  propulsive  power  of  the  arterioles,  strychnine  excites  the 
vasomotor  center  only,  and  by  thus  provoking  constriction  of 
the  deeper  vessels,  it  causes  a  greater  volume  of  blood  to  cir- 
culate in  the  smaller  vessels  and  capillaries.  Therapeutic 
doses,  therefore,  thus  transfer  to  the  arterioles  an  unusual 
quantity  of  blood — and  thereby  enable  these  small  vessels  to 
nourish  the  tissues  more  actively.  When  large  doses  are  given, 
however,  the  stream  forcibly  dilates  the  arterioles,  and  highly 
oxygenized  blood  invades  the  cerebro-spinal  system,  the  mus- 
cles, the  skin,  etc.,  in  such  quantities  that  convulsions  occur. 

Coca  and  cocaine  assert  themselves  as  more  powerful  stimu- 
lants of  the  test-organ  and  adrenal  center  than  either  bella- 
donna, digitalis,  or  strychnine.  The  resulting  marked  increase 
of  adrenoxidase  in  the  blood  not  only  augments  correspondingly 
the  activity  of  all  metabolic  processes,  but  as  both  coca  and 
cocaine,  like  strychnine,  excite  the  bulbar  vasomotor  center, 
this  blood  is  projected  in  greater  quantity  into  the  arterioles, 
and,  therefore,  into  the  tissues.  The  characteristic  effect  of 
coca  on  the  muscular  system  is  due  mainly,  therefore,  to  its  very 
marked  action  on  the  adrenal  center,  sustained  by  the  rise  of 
vascular  tension,  which  floods,  so  to  say,  the  muscular  elements 
with  highly  oxygenized  blood.  The  kinship  with  belladonna 
is  shown  by  the  fact  that  it  causes,  in  large  doses,  dilation  of 
the  pupil,  dryness  of  the  mouth  and  throat,  etc. ;  with  digitalis, 
by  its  powerful  action  on  the  heart-muscle;  and  with  strych- 
nine, by  its  marked  action  on  all  muscles  and  its  tendency  in 
toxic  doses  to  produce  convulsions,  the  so-called  "cocaine 
epilepsy." 

Quinine  introduces  a  different  phase  of  action,  viz.,  irrita- 
tion of  an  increasing  number  of  centers  as  the  dose  of  the  drug 
is  increased.    Thus,  when  given  in  therapeutic  doses,  it  excites 
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the  vasomotor  center,  causing  peripheral  hyperaemia;  larger 
doses  excite  the  sympathetic  center  besides;  still  larger  doses 
excite  the  test-organ  in  addition  to  the  two  others,  and  through 
it  the  adrenal  center.  The  effects  produced  thus  begin  with 
slight  cutaneous  warmth  and  hyperesthesia,  and  gradually,  as 
the  dose  is  raised,  increase  to  headache,  flushing,  tinnitus, 
etc.,  and  then,  in  some  cases,  to  a  marked  rise  of  the  tempera- 
ture. The  latter  effect  is  shown  to  be  due  to  the  specific 
property  which  quinine  shows  prominently  in  malaria,  i.e.,  a 
direct  toxic  action  upon  certain  parasites,  including  the  Plas- 
modium malarise — but,  unfortunately,  the  leucocytes  also. 
This  action  is  exercised  irrespective  of  the  influence  of  the 
drug  upon  the  various  centers,  but  the  latter  assists  materially 
the  curative  process  by  causing  a  greater  volume  of  blood  to 
circulate  in  the  capillaries — which  include  those  of  the  liver 
and  skin — thereby  bringing  about  an  artificial  febrile  process 
in  which  the  quinine  acts  as  the  body's  immunizing  agent. 

That  these  simplified  conceptions  of  the  physiological 
action  of  these  various  drugs  are  sound,  is  shown  by  the  fact 
that  in  every  instance  the  indications  they  suggest  in  the  many 
diseases  in  which  they  are  used  harmonize  perfectly  with  the 
teachings  of  clinical  experience. 

Idiosynciusy. — This  term  is  applied  to  the  marked  suscep- 
tibility shown  by  many  persons  to  the  action  of  various  drugs. 
The  cause  of  this  phenomenon  becomes  evident  when,  in  accord 
with  my  views,  nerve-centers  are  regarded  as  the  structures 
directly  irritated  by  drugs.  In  the  first  volume  I  referred  to 
the  posterior  pituitary  body  as  the  sensorinm  commune,  i.e.,  as 
the  organ  through  which  all  violent  emotions,  shock,  surgical 
shock,  etc. — and  to  which  I  may  add  another  obscure  phenome- 
non, concussion,  react  upon  the  organism  at  large,  all  owing  to 
the  extreme  sensitiveness  of  its  highly  organized  centers.  That 
blood  contaminated  by  irritating  drugs,  poisons,  toxins,  etc.,  in 
circulating  in  the  nervous  elements  of  such  an  organ,  should 
readily  excite  these  elements  is  self-evident.  That  such  blood 
should  not  excite  these  centers  to  the  same  degree  in  all  indi- 
viduals, however,  is  as  obvious;  it  is  here  that,  in  my  opinion, 
the  secret  of  idiosyncrasy  lies,  viz.,  in  an  abnormal  sensitiveness 
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of  the  nerve-centers  upon  which  drugs  act,  and  particularly  the 
sympathetic  center. 

This  feature  of  the  problem  is  illustrated  by  the  action  of 
some  of  the  drugs  studied  in  the  present  and  in  the  next 
chapters. 

BELLADONNA  AND  ATROPINE. 

Physiological  Action. — Belladonna  and  its  alkaloid,  atro- 
pine, owe  their  therapeutic  properties  to  the  fact  that  they 
stimulate  (1)  the  test-organ  (anterior  pituitary),  and  through 
it  the  adrenal  center;*  and  (2)  the  sympathetic  center  (pos- 
terior pituitary),  which  governs  the  tonus  and  propulsive  activ- 
ity of  the  arterioles.* 

The  experiments  of  Lombard,'"  confirmed  by  Calmette/^  have  shown 
that  the  leucocytes  ingest  atropine  injected  in  the  blood,  and  that  the 
latter  itself  contains  but  a  very  small  proportion  of  the  poison.  As 
these  cells  ultimately  secrete  their  contents,  the  drug  is  doubtless 
returned  to  the  circulation,  as  is  the  case  with  other  drugs.  The 
influence  of  the  drug  upon  the  test-organ  and  adrenal  center  (which  is 
also  the  heat  or  thermogenic  center)  is  shown  by  its  marked  influence 
upon  the  temperature.  Thus,  Meuriot^"  observed,  in  man,  an  elevation 
of  temperature  ranging  from  0.5°  to  1.1°  C.  (0.9°  to  2°  F. )  after  the  use 
of  therapeutic  doses,  and  refers  to  Eulenburg  as  having  made  a  similar 
observation.  He  also  obtained  in  dogs,  from  doses  corresponding  with 
the  equivalents  of  therapeutic  doses  in  man,  a  rise  of  from  1°  to  3°  C. 
(1.8°  to  5.4°  F. )  and  alludes  to  Dum&ril,  Demarquay  and  Leeointe  as 
having  caused  a  rise  of  4°  C.  (7.2°  F. )  after  small  doses,  and  a  fall  of 
3°  C.  (5.4°  F. )  after  toxic  doses.  That  this  rise  is  due  to  excitation 
of  the  adrenal  center,  where  I  located  the  heat-center,  is  shown  by  the 
experiments  of  Ott  and  Collmar,"  who  found  that  the  rise  of  tempera- 
ture occurred  irrespective  of  the  variations  of  blood-pressure,  and 
ascribed  it,  therefore,  to  a  stimulating  action  of  the  drug  on  the  ther- 
mogenetic  centers.  Again,  we  have  seen  that  excitation  of  the  test- 
organ,  and  through  it  the  adrenal  center,  caused  glycosuria;  now 
Raphael"  not  only  observed  glycosuria  when  atropine  was  used  experi- 
mentally, but  also  in  individuals  under  the  influence  of  large  doses. 

The  action  of  atropine  upon  the  vascular  mechanism  is  generally 
recognized.  That  it  is  the  arterioles  which  are  mainly  influenced  (since 
all  vessels  are  to  a  certain  degree  constricted  through  the  presence  of  an 
excess  of  adrenoxidase  in  the  blood)  is  shown  by  the  fact  that  toxic  doses 
produce  arteriole  hyperconstriction,  i.e.,  "inhibition."  Thus  Bezold  and 
Bloebaum'"'  found  that  when  large  doses  of  atropine  were  injected  into 
the  brainward  blood-stream,  i.e.,  the  carotid,  the  heart  was  at  once 
greatly  slowed.    That  this  is  due  to  paralysis  of  the  heart  through 


•  Author's  conclusion. 
"Lombard:    These  de  Paris,  1901. 

Calmette:   Cited  by  Labbe:   Loc.  cit. 

Meuriot:    Th6se  de  Paris,  1868. 
"Ott  and  Collmar:    Therap.  Gaz.,  Aug.,  1887. 

Raphael:    Deut.  med.  Woch.,  Bd.  xxv,  S.  451,  1899. 

Bezold  and  Bloebaum:  Untersuchungen  aus  der  physiol.  Lab.  zu  Wiirz- 
burg,  B.  1. 
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deficient  blood  supply  is  shown  by  Cushny's  statement/"  that  large  quan- 
tities of  atropine  "weaken  and  depress  the  heart  muscle,  and  the  con- 
tractions consequently  become  slower  and  weaker,  and  the  output  of  the 
heart  is  less  than  normal." 

The  central  origin  of  all  the  phenomena  produced  by  belladonna 
and  atropine  is  demonstrated  by  the  fact  that  Bezold  and  Bloebaum" 
found  transection  of  the  upper  portion  of  the  spinal  cord  annulled  its 
action  on  the  blood-pressure,  a  fact  confirmed  by  Wood. 

By  its  action  on  the  test-organ  and  adrenal  center  bella- 
donna increases  the  proportion  of  adrenoxidase  in  the  blood, 
while  by  its  action  on  the  sympathetic  center,  it  enhances  the 
blood-propelling  power  of  the  arterioles.*  As  a  result,  the 
capillaries  of  the  entire  organism  are  traversed  by  a  supranor- 
mal  quantity  of  arterial  blood  unusually  active  in  oxygenizing 
properties.*  Hence  the  sensation  of  warmth  in  the  skin  and 
mucous  membranes,  and  the  rise  of  temperature  and  transient 
flushing,  observed  even  when  small  doses  are  taken.*  This  is 
soon  accompanied  by  dryness  of  the  throat,  owing  to  capillary 
engorgement  of  the  acini  in  the  former  and  of  the  sudoriferous 
glands  in  the  latter,  and  mechanical  interference  with  their 
functions. 

When  the  dose  is  large,  various  symptoms  due  to  hyper- 
aemia  and  hypermetabolic  activity  in  the  organs  influenced*  are 
witnessed.  Thus,  a  bright  red  flush,  recalling  that  of  scarla- 
tina, though  more  diffuse,  may  appear  on  the  face  and  grad- 
ually involve  the  entire  surface.  Slight  congestive  headache, 
with  giddiness,  insomnia,  mental  confusion,  garrulousness  with 
illusions,  delirium,  which  may  become  violent,  visions,  etc.,  are 
also  observed,  along  with,  in  some  cases,  priapism,  muscular 
restlessness  and  forcible  micturition,  due  to  more  or  less  sud- 
den involuntary  contraction  of  the  bladder.  The  pulse-rate  is 
also  greatly  increased,  and  the  cardiac  contractions  (unless 
toxic  doses  be  taken)  strong,  owing  to  similar  overactivity  of 
the  cardiac  muscle.* 

Cushny^^  states  that  the  cause  of  the  rise  of  temperature  induced 
by  atropine  "cannot  be  said  to  be  definitely  known."  The  presence  of 
an  excess  of  adrenoxidase  in  the  blood,  coupled  with  the  capillary 
engorgement,  as  previously  explained,  accounts  not  only  for  this  phe- 
nomenon, but  also  for  the  familiar  symptoms  outlined  above.  The  con- 
currence of  the  pyrexia  with  cutaneous  disorders  is  plainly  shown  in  all 
cases  attended  with  untoward  effects.    In  a  case  brought  on  by  the  use 


*  Author's  conclusion. 
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of  atropine  as  a  rnvdriatic,  observed  by  Spurgin,"  for  instance,  a  diffuse 
rash  resembling  that  of  scarlet  fever,  observable  also  in  the  fauces.  coLa- 
cided  with  a  temperature  of  102.7^  F.  and  a  pulse-rate  of  140.  In 
another  instance  reported  by  the  same  observer,  the  cutaneous  lesions 
were  not  quite  as  marked,  the  temperature  was  101.3-  F.  and  the  pulse- 
rate  116.  In  both  eases  the  morbid  symptoms  disappeared  on  discon- 
tinuing the  use  of  the  drug. 

The  mydriatic  action  of  atropine  is  due  to  a  corresponding 
process  when  the  drug  is  given  intemallv.*  Here,  however, 
there  are  two  sets  of  mnscles:  the  constrictor  fibers,  which 
cause  contraction  of  the  pupil,  and  the  dilator  fibers,  which  act 
in  the  opposite  way.  As  both  muscles  are  rendered  overactive 
by  the  excess  of  arterial  blood  rich  in  adrenoxidase  propelled 
into  them  by  the  arterioles,  the  delicate  muscular  equipoise 
which  enables  the  pupil  to  carry  on  its  functions  is  lost  and  it 
becomes  a  question  as  to  which  of  the  antagonistic  muscles  will 
overcome  the  other.*  The  radiating  fibers  being  best  disposed 
mechanically  (owing  to  direct  traction),*  they  draw  back  the 
edges  of  the  iris,  enlarging  the  pupO. 

The  local  application  of  atropine  produces  the  same  effect, 
but  in  a  different  way.*  It  paralyzes  directly  the  sympathetic 
terminals*  of  the  arterioles,  thus  causing  dilation  of  these  ves- 
sels. An  excess  of  blood  being  admitted  to  the  muscular  ele- 
ments of  the  iris,*  the  antagonistic  action  of  the  muscles  is 
awakened*  and  the  radiating  fibers  cause  dilation  of  the  pupil 
by  drawing  back  the  iridial  curtain. 

Landois  fl905)  concludes"  that  "as  to  the  action  of  poisons  on 
the  iris  [including  atropine]  ignorance  still  prevails."  The  greater 
contractile  power  of  the  radiating  muscles  when  the  functional  equipoise 
between  the  two  sets  of  muscles  is  disturbed  is  well  shown  by  the  obser- 
vations of  Bernstein  and  Dogiel,  confirmed  by  Engelhardt.^  that  when 
electrodes  were  applied  "to  the  eyes  in  such  a  way  as  to  affect  directly 
the  iris,  contraction  occurred.'"^  Again,  the  dependence  of  the  process 
upon  some  differenc-e  in  the  relative  power  of  the  antagonistic  muscles 
is  suggested  by  the  fact  that  in  birds  and  reptiles  atropine  does  not 
c-ause  dilation  of  the  pupil  ( Wharton  Jones.  Ivanoff .  Wood  and  others ) . 

The  muscular  antagonism  and  the  participation  of  the  sympa- 
thetic in  the  process  are  shown  by  the  following  lines  by  Cushny:^'  "A 
further  question  is  whether  this  [paralysis]  is  the  only  effect  of  atropine 
on  the  pupil,  or  whether  the  terminations  of  the  dilating  sympathetic 
filers  are  not  stimulated  at  the  same  time,  and  this  cannot  as  yet  be 
said  to  be  generally  agreed  upon,  although  there  is  very  strong  evidence 
against  the  latter  view.    Its  advocates  have  generally  ignored  the  fact 

*  Author's  conclusion. 
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that  the  constrictor  muscle  is  constantly  opposed  by  dilator  fibers,  and 
that  when  the  former  is  thrown  out  of  activity  by  the  paralysis  of  the 
terminations  of  the  motor  oculi,  the  radiating  fibers  cause  an  active 
dilatation  without  any  stimulation  of  the  nerve  ends  being  necessary." 
The  prevailing  misinterpretation  of  the  functions  of  the  sympathetic  and 
the  multiplicity  of  functions  erroneously  attributed  to  this  nerve  account 
for  the  vulnerability  of  the  views  Cushny  criticizes.  If,  setting  aside 
assumptions,  we  accept  the  only  actually  demonstrated  function  of  sym- 
pathetic terminals,  that  of  constricting  arterioles,  as  a  foundation  for 
deductions,  the  ground  lor  criticism  disappears,  since  the  only  solidly 
established  fact  concerning  the  local  action  of  atropine,  paralysis  of 
nerve-endings,  also  comes  into  play.  By  paralyzing  the  sympathetic  con- 
strictors, therefore,  the  vessels  are  allowed  to  relax  and  to  influence  the 
muscular  fibers  differentially — a  process  which  necessarily  brings  in  the 
antagonistic  action  of  the  muscular  fibers  of  iris  referred  to  by  Cushny. 
The  hyperemia  produced  by  the  dilation  of  the  arterioles  not  only 
accounts  for  the  dilation  of  the  pupil,  but  the  fact  that  hypersemia  is 
likewise  the  mode  of  action  when  atropine  is  given  internally,  and  that 
the  phenomenon  is  explained  by  a  process  provoked  by  the  drug  in  all 
other  organs,  indicates  th.it  the  explanation  I  submit  must  be  the  cor- 
rect one. 

"Untoward  Effects  and  Poisoning. — When  a  large  dose 
is  taken,  the  symptoms  of  a  therapeutic  dose,  dryness  of  the 
mouth  and  throat,  thirst,  and  dysphagia,  rapidly  increase  in 
intensity,  the  propulsion  of  blood  by  the  arterioles  into  the 
capillaries  assuming  greater  violence.*  The  cutaneous  flush 
then  becomes  very  marked;  the  congested  brain  and  cord  cause 
violent  excitement,  delirium,  spasmodic  choreiform  movements 
of  the  face  and  extremities,  and  also  convulsions,  during  which 
the  patient  may  die. 

When  large  toxic  doses  are  taken,  the  sympathetic  center 
is  more  violently  irritated  than  the  others,  and  hyperconstric- 
tion  of  the  arterioles  follows.*  Those  of  the  anterior  pituitary 
and  heart  being  contracted  with  the  rest,  inhibition  of  their 
functions  occurs,*  and  collapse  is  brought  on  more  or  less  sud- 
denly. Intense  muscular  weakness  which  soon  lapses  into 
paralysis,  particularly  of  the  lower  extremities,  a  rapid,  then 
slow,  weak  and  irregular  pulse  and  heart-beat,  shallow  and 
irregular  respirations,  stupor  and  coma  then  follow  in  quick 
succession,  the  patient  dying  of  respiratory  failure. 

Autopsies  of  cases  in  which  death  occurs  during  the  period  of 
intense  vascular  engorgement  show  this  condition  very  clearly  in  all 
tissues,  including  the  brain  and  cord.  "At  the  autopsy  of  a  subject 
poisoned  by  belladonna,"  writes  Manquat,™  "no  characteristic  lesion  is 
found;  the  changes  witnessed  are  limited  to  a  considerable  hyperemia 
of  the  cerebro-spinal  meninges  and  of  the  cortex,  congestion  of  the  par- 
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enchymatous  organs  and  of  the  mucous  membranes,  dryness  of  the 
tliroat,  and  a  few  ulcerations  or  sphacelous  areas  of  the  stomach." 
Wood'"  says  the  post-mortem  lesions  are  "congestion  of  the  lungs  and 
of  the  membranes,  and  even  of  the  substance  of  the  brain  and  cord,"  and 
refers  to  Lematre's""  observation  that  "congestion  of  the  retina  is  an 
almost  characteristic  lesion." 

The  treatment  of  helladonna  and  atropine  poisoning  is 
described  in  a  special  section  at  the  end  of  this  volume. 

Therapeutics. — The  many  therapeutic  virtues  that  have 
been  credited  to  belladonna  are  sustained  by  the  foregoing 
analysis.  Not  only  does  it  provide  the  blood  with  an  excess  of 
adrenoxidase,  and,  therefore,  of  auto-antitoxin,  but  it  stimu- 
lates also  the  centers  which  augment  the  circulatory  activity  of 
the  blood  where  its  antitoxic  properties  can  be  productive  of 
the  best  results.*  In  short,  belladonna,  owing  to  its  alkaloid, 
atropine,  produces  an  artificial  fever.* 

It  is  principally  in  disorders  of  the  respiratory  system  that 
belladonna  and  its  preparations  are  most  efficaciaus.  The 
various  disorders  due  to  exposure  to  cold  and  damp,  are  brought 
about  by  the  sudden  depression  of  catabolic  activity*  in  the 
tissues,  the  trypsin,  which  plays  the  active  role  in  the  process, 
requiring  the  normal  temperature  of  the  body  to  break  down 
waste  products  adequately.  Cold,  by  inhibiting  this  process, 
causes  the  accumulation  of  imperfectly  catabolized  wastes  in  the 
blood  and  its  consequences — conjza,  pharyngitis,  tonsillitis,  or 
bronchitis,  the  location  of  the  disorder  corresponding  usually 
with  one  which  previously  has  been  the  seat  of  catarrhal  conges- 
tion. Here,  belladonna  by  increasing  the  antitoxic  activity  of 
the  blood  in  all  capillaries  and  raising  the  temperature  therein, 
not  only  antagonizes  directly  the  morbid  effects  of  cold,  but 
causes  prompt  destruction  of  all  toxic  wastes.* 

In  bronchial  asthma,  neuralgia,  migraine  and  hay-fever, 
ascribed  to  the  gouty  "diathesis,"  which  means  the  presence  of 
alloxuric  bases  or  intermediate  waste  products  in  the  blood, 
belladonna  is  beneficial  through  a  similar  process.*  In  asthma 
due  to  hypotension  of  the  arteries,  it  is  also  efficacious  by  in- 
creasing the  blood's  asset  in  adrenoxidase  and  causing  thereby  a 
rise  of  blood-pressure  and  more  perfect  oxygenation,  thus  meet- 


*  Author's  conclusion. 
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ing  the  two  morbid  lactors  of  the  disorder.  Spasm,  such  as 
that  of  rheumatic  torticollis,  dysmenorrhcea,  enuresis  due  to  cys- 
tic irritability,  etc.,  are  also  due  to  hypocatabolism  in  many 
instances,  and  atropine,  by  promoting  the  destruction  of  spas- 
mogenic wastes,  causes  muscular  relaxation. 

The  reported  beneficial  effects  from  the  use  of  atropine  in 
infectious  erysipelas,  scarlet  fever,  typhus,  etc.,  are  doubtless 
due  to  the  fact  that  it  increases  the  antitoxic  properties  of  the 
blood.  Its  tendency  to  cause  dryness  of  the  mouth  and  skin, 
however,  is  a  contraindication  to  its  use. 

In  asthenic  disorders  atropine  is  of  great  value.  In  shock, 
which  is  due  mainly  to  paresis  of  the  sympathetic  center,*  it  is 
the  best  drug  at  our  disposal ;  not  only  does  it  act  directly  upon 
the  paretic  center,*  but  it  raises  the  blood-pressure  and  restores 
the  capillary  circulation  of  the  heart  and  skin  to  its  normal 
vigor* — provided  alcohol  is  avoided.  This  applies  as  well  to 
collapse  in  the  asthenic  stage  of  any  disease,  including  the  acute 
infections,  especially  when  the  heart  is  showing  evidences  of 
weakening.  It  is  also  one  of  the  most  effective  remedies  at 
our  disposal  for  the  relief  of  night-sweats  in  phthisis  or  the 
colliquative  sweats  that  attend  the  advanced  stages  of  many  dis- 
eases. This  symptom  is  likewise  due  to  general  vasodilation 
and  to  relaxation  of  the  sudoriferous  mechanism.  Atropine 
not  only  tends  to  correct  this  condition,  but  also  to  counteract 
any  toxaemia  that  may  be  present.* 

DRUGS  WHICH  RESEMBLE  BELLADONNA  IN  THEIR 
PHYSIOLOGICAL  ACTION. 

The  physiological  action  of  homatropine  hydrohromide, 
hyoscyamus,  hyoscyamine  sulphate  and  stramonium  is  similar 
to  that  of  belladonna,  though  their  effects  are  less  marked,  their 
stimulating  influence  on  the  various  centers  mentioned  being 
less  violent. 

DIGITALIS. 

Physiological  Action. — In  therapeutic  doses  digitalis  in- 
creases the  nutrition  of  the  heart  and  its  functional  power. 
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This  is  due  to  the  concurrent  influence  of  three  eiEects  pro-_ 
duced  by  the  drug.*  Two  of  these  are  direct  and  energetic 
stimulation  of  tlie  test-organ  and  through  it  the  adrenal  cen- 
ter, and  also,  but  with  less  violence,  the  sympathetic  centers, 
which  enhances  the  propulsive  action  of  the  arterioles.  As  a 
result  of  the  first  action,  the  proportion  of  adrenoxidase  in  the 
blood  is  increased  and  general  metabolism  is  enhanced  through- 
out the  body.*  The  muscular  elements  of  the  blood-vessels  and 
of  the  cardiac  muscle  being  influenced  similarly,*  their  contrac- 
tile power  is  increased,  though  the  heart's  action  is  slowed  by 
the  augmented  resistance  which  the  reduced  caliber  of  the  ves- 
sels entails. 

"In  our  experiments  upon  the  exposed  mammalian  heart,"  writes 
H.  C.  Wood,"^  "we  have  seen  in  the  final  acts  of  digitalis  drama  happen- 
ings so  curious  and  unexpected  that  at  present  no  proposed  theory  as 
to  the  action  of  the  drug  is  sufficient."  This  is  mainly  due  to  the  belief 
that  the  drug  acts  directly  upon  the  heart  as  it  does  experimentally. 
That  it  does  not,  however,  is  shown  by  the  following  facts:  The  weakest 
solution  that  will  act  on  the  isolated  heart  at  all  is  that  of  1  to  50,000. 
To  produce  any  effect  in  an  adult  man  supplied  with  but  13  poiuids  of 
blood,  therefore,  at  least  1  grain  (0.00  gm.)  of  digitalin  would  have  to 
be  given  orally,  since  ^/^  grain,  "the  full  therapeutic  dose"  (Wood), 
would  only  make  a  solution  of  1  to  200,000.  The  hypodermic  use  of  the 
drug  shows  a  still  greater  discrepancy,  since  Deucher"^  found  that  a  dose 
of  digitalis  thus  given  produced  the  effects  of  a  dose  four  times  larger 
administered  orally.  A  solution  of  digitalin  in  the  blood-mass  of  1  to 
800,000  (equal  to  Vie  gr-- — 0.004  gm. )  thus  becomes  active,  though 
totally  inadequate  experimentally,  i.e.,  though  sixteen  times  weaker 
than  the  weakest  solution  that  will  affect  the  isolated  heart.  And  this 
allows  nothing  for  the  antitoxic  action  of  the  blood,  which  further 
reduces  the  strength  of  the  drug,  or  for  any  dispersion  in  the  lymph 
mass,  which  is  twice  greater  than  that  of  the  blood.  Nor  does  it 
allow  for  the  fact  that  an  isolated  heart  does  not  have  to  overcome  the 
resistance  of  the  blood-column  which  it  must  raise  each  time  it  contracts. 

This  is  further  emphasized  by  the  fact  that  division  of  the  adrenal 
and  vasomotor  nerve-paths  from  the  pituitary  annuls  the  effects  of  digi- 
talis. Thus,  transection  of  the  upper  part  of  the  spinal  cord  was  found 
by  Bezold  and  Boehm"'  to  cause  a  very  marked  fall  of  blood-pressure  in 
an  animal  under  the  influence  of  digitalis,  while  Traube  and  Boehm  and 
others'*'  found  "that  after  section  of  the  cord  high  up  the  arterial  pres- 
sure is  cither  elevated  not  at  all,  or  not  nearly  so  much,  by  digitalis  as 
in  the  normal  animal."  Wood  ( Sr.  and  Jr. )  regard  this  as  "a  strong 
indication  that  the  drug  increases  the  arterial  pressure  largely  by 
increasing  the  peripheral  resistance  without  centric  vasomotor  stimula- 
tion." This  points  also  to  adrenals  as  the  source  of  the  vasoconstrict- 
ing  influence,  for  Langley"^  found,  in  a  series  of  experiments  with  adrenal 


*  Author's  eotwlusion. 

"iWood:    hoc.  fit.,  thirteenth  edition,  p.  318,  1906. 

Deucher:  Deut.  Archiv  f.  klin.  Med.,  Bd.  Iviii,  S.  47.  1897. 
«3  Boehm:    Archiv  f.  d.  ges.  Physiol.,  Bd.  v,  S.  153,  1872. 

Cited  by  Wood:  /yor.  cit.,  thirteenth  edition,  p.  319,  1906. 
«^  Langley:    Jour,  of  Physiol.,  vol.  xxvii,  p.  237,  1901. 
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extract,  that  its  action  "runs  parallel  with  the  action  of  the  sympathetic 
nerves  on  the  blood-vessels,"  and  that  "in  many  cases  the  etfects  pro- 
duced by  the  extract  and  by  electrical  stimulation  of  the  sympathetic 
nerve  correspond  exkctly."  Now,  as  the  peripheral  arterioles  are  gov- 
erned by  the  sympathetic,  the  adrenal  secretion  corresponds  in  its  action 
with  tliat  of  this  nerve,  because  its  action  (as  adrenoxidase)  on  the 
arterioles  is  the  first  to  manifest  itself,  owing  to  their  diminutive  size. 
Now,  digitalis,  acting  mainly  through  the  adrenal  secretion,  also  in- 
creases tlie  peripheral  resistance — but  not  by  a  direct  action  of  the  drug 
as  is  generally  believed. 

The  efl"ects  of  digitalis  on  metabolism,  in  consequence  of  its  action 
on  the  adrenal  center,  is  well  shown  in  the  following  lines  by  Manquat:'* 
"The  exchanges  are  increased,  and  oxidations  augmented,  and  urea  is 
excreted  in  greater  abundance.  According  to  von  Broeck,  the  modifica- 
tions of  urea  and  carbon  dioxide  correspond  with  that  of  the  blood- pres- 
sure: the  elimination  of  urea  and  carbon  dioxide  increases  as  long  as 
the  pressure  remains  high;  it  diminishes  when  the  blood-pressure 
recedes."  The  efi"ect  of  therapeutic  doses  under  these  conditions  sug- 
gests itself.  "There  occurs,"  says  Cushny,"  "an  improved  nutrition  of 
the  whole  body,"  while  after  the  use  of  digitalis  and  its  allies  in  dila- 
tion of  the  heart,  this  organ  "is  found  better  nourished  and  has  more 
of  a  tendency  to  hypertrophy."  This  applies  also  to  the  marked  rise  of 
blood-pressure.  Thus,  Wood™  states  that  after  a  full  dose  of  suprarenal 
capsules,  "there  is  developed  a  slow,  full  pulse,  followed  very  shortly  by 
a  great  rise  of  the  blood-pressure," — precisely  the  action  of  digitalis. 

The  nutrition  of  the  heart-muscle,  along  with  that  of  all 
other  structures,  is  aided  materially  by  the  slight  (only  when 
the  average  therapeutic  dose  is  given)  stimulating  action  which 
the  drug  has  upon  the  sympathetic  center,  and  therefore  upon 
the  blood-propelling  activity  of  the  arterioles.*  Hence,*  the 
fact  that  besides  the  rise  of  blood-pressure  and  the  greater 
power  of  the  contractions  referred  to  above,  the  pulse-waves 
become  larger,  fuller  and  harder. 

The  action  of  the  drug  on  the  sympathetic  center  is  illustrated  by 
the  concordance  between  the  efi'ects  of  direct  stimulation  of  the  pituitary 
body  and  those  of  digitalin  on  the  blood-pressure.  The  only  two  centers 
in  the  pituitary  which,  on  excitation,  can  produce  such  an  eff"ect  are  the 
adrenal  center  and  the  sympathetic  center.  That  it  is  the  latter  is 
shown  by  the  fact  that  the  pressure  begins  to  recede  at  once  (reaching, 
in  fact,  below  the  normal  within  one  minute)  when  the  stimulation 
ceases — which  would  not  occur  if  the  adrenals  were  also  stimulated, 
since  the  excess  of  secretion  would  not  only  cause  a  rise  of  pressure,  but 
sustain  it  for  a  time.  The  similarity  of  the  effects  referred  to  are 
shown  by  the  following  comparative  tables  prepared  by  independent 
experimenters:   Arnold  and  H.  C.  Wood,  Jr.,""  and  Masay:" — 


*  Author's  conclusion. 

Manquat:    Loc.  cit.,  vol.  ii,  p.  17,  1903. 
«^Cushny:    Loc.  cit.,  fourth  edition,  p.  452,  1906. 
"8  Wood:    Loc.  cit.,  eleventh  edition,  p.  513,  1900. 

Arnold  and  H.  C.  Wood,  Jr.:    Amer.  Jour.  Med.  Sci.,  Aug.,  1900. 
■">Masay:    Annales  de  la  See.  roy.  des  sci.  med.  et  natur.  de  Bruxelles,  T. 
xii,  p.  1  to  30,  1903. 
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DiGlTALIN. 

(Arnold  and  H.  C.  Wood,  Jr.) 
Dog:  9.5  kilograms.  pressure. 

Prior  to  injection          80  mm.  Hg. 

1  hour  10  min.  after 

0.02  gm  104    "  " 

30  min.  after  injec.  of 

0.04  gm  122    "  " 

After  division  of  both  vagi:  — 
Dog:  8  kilograms. 

Prior  to  injection  167  njm.  Hg. 

50  min.  after  0.04  gm .  200  "  " 
1  hours  40  min.  after.  140  "  " 
4  hours  20  min.  after. 240    "  " 


Pituitary,  Excitation  of. 
( Masay. ) 
Dog:  2.6  kilograms.  pressure. 
Prior  to  excitation. ...  81  mm.  Hg. 

First  excitation  144  " 

Second  excitation  ....200    "  " 


After  division  of  both  vagi:  — 
Dog:  5  kilograms. 
Prior  to  excitation ....  162  mm.  Hg. 

First  excitation  280    "  " 

After  15  seconds  270    "  " 

Second  excitation  ....  252    "  " 

On  the  digitalin  side  the  pressure  is  sustained,  of  course,  because 
the  stimulation  of  the  adrenal  and  sympathetic  centers  persists  until  the 
blood  rids  itself  of  the  poison.  This  accounts  for  a  feature  of  the 
problem  which  so  far  has  escaped  notice,  ins.,  that  the  effects  of  digitalis 
are  practically  identical  with  those  of  suprarenal  extract.  Wood'' 
describes  (under  separate  headings)  these  efTects  in  the  following 
words: — 


•Digitalis. 
"During  the  first  stage  there  is 
marked  slowing  of  the  heart's  beat, 
with  large,  full,  hard  pulse-waves 
and  pronounced  rise  in  the  arterial 
pressure." 


Suprarenal  Extract. 
"When  to  an  animal  the  full 
dose  of  suprarenal  capsules  is 
given  there  is  developed  a  slow, 
full  pulse,  followed  very  shortly  by 
a  great  rise  of  the  blood-pressure." 


The  third  effect  of  digitalis  is  also  due  to  its  stimulating 

action  on  the  adrenal  center.*    The  adrenal  secretion  being 

considerably  increased,  it  enhances  the  contractile  power  of  the 

right  ventricle  while  in  transit  through  it  on  its  way  to  the 

lungs.*    Hence  the  dicrotism  and  other  phenomena  which 

point  to  loss  of  parallelism  between  the  action  of  the  ventricles 

when  large  doses  are  administered.* 

As  to  the  third  factor,  i.e.,  the  direct  action  of  the  adrenal  secre- 
tion on  the  right  ventricle,  we  have  seen,"  that  Brown-Scquard,  over 
fifty  years  ago,  emphasized  the  importance  of  the  venous  blood  in  car- 
diac dynamism,  and  that  his  belief  that  COj  was  the  active  agent  in  the 
process  caused  his  observations — all  solidly  established  experimental 
facts — to  be  set  aside.  I  pointed  out,  however,  in  the  first  volume  that 
the  effects  observed  were  due  to  ihe  presence  of  the  adrenal  secretion 
in  the  blood  of  the  inferior  vena  cava,  Oliver  and  Schiifer  having  shown 
that  adrenal  extract  could  cause  marked  contractions  of  the  cardiac 
muscle.  Digitalis  being  a  powerful  adrenal  stimulant,  it  should  nor- 
mally increase  the  contractile  power,  not  of  the  left  ventricle,  with 
which  it  does  not  come  into  contact,  but  only  of  the  right — an  important 
point  in  practice.  Now,  Germain  See"'  has  laid  stress  on  the  fact  that 
digitalis  acts  mainly  on  the  right  ventricle.    Openchowski,"  who  had 

*  Author's  conclusion. 

"Wood:   Loc.  cit.,  eleventh  edition,  pp.  297,  513,  1900. 
"  Cf.  this  vol.,  p.  807. 

"  Germain  See:    Sajous's  "Annual  and  Analyt.  Cyclo.,"  vol.  ii,  p.  526,  1898. 
7*  Openchowski :    Berl.  klin.  Woch.,  Bd.  xli,  S.  1045,  1904. 
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also  found,  in  1889,  that  the  action  of  digitalis  was  greatest  on  the  right 
side  of  the  heart,  recently  noted  diminution  of  the  activity  of  the  left 
ventricle — a  true  functional  dissociation.  Cushny  likewise"*  states  that 
digitalis,  strophanthin  and  helleborein  all  "increase  the  output  of  the 
right  ventricle." 

The  kidneys  being  subjected  to  all  the  conditions  which 
digitalis  awakens  in  other  organs,  their  functional  activity  is 
enhanced  by  doses  sufficiently  large  to  increase  the  propelling 
power  of  the  arterioles  and  the  intrinsic  metabolism  of  their 
functional  elements,*  Hence  the  diuresis  produced  by  dig- 
italis.* Conversely,  when  the  dose  is  excessive,  the  renal 
arterioles  become  so  constricted  that  functional  inhibition,  i.e., 
anuria,  occurs. 

The  first  action  is  self-explanatory  in  view  of  the  evidence  adduced 
above.  As  to  the  constrictor  elfects,  Lauder  Brunton™  writes:  "Digi- 
talis contracts  the  arterioles  of  the  kidney  sooner  than  those  in  other 
parts  of  the  body.  The  renal  vessels  may  contract  so  much  as  to  arrest 
the  secretion  of  urine  altogether,  although  the  general  blood-pressure  is 
high." 

Untoward  Effects  and  Poisoning. — Digitalis,  especially 
when  administered  during  a  prolonged  period  and  in  small 
doses,  may  cause  a  variety  of  untoward  phenomena.  In  some 
cases,  these  are  mainly  due  to  what  has  been  termed  "cumula- 
tive action" — which,  from  my  viewpoint,  means  hypersensitive- 
ness  of  the  sympathetic  center,  a  condition  due  to  the  per- 
sistent excitation  to  which  the  drug  submits  it.  At  first  the 
sympathetic  center  is  overstimulated  and  undue  propulsive 
activity  of  the  arterioles*  causes  headache,  hallucinations  and 
delirium,  dryness  of  the  throat  through  crowding  of  the  lumina 
of  the  acini,  dilation  of  the  pupil,  abdominal  cramps,  diges- 
tive disorders,  pains  in  the  limbs  recalling  those  of  rheumatism. 
These  symptoms  may  be  accompanied  by  disturbance  of  the 
cardiac  rhythm,  dicrotism,  etc.,  due  to  excessive  stimulation  of 
the  right  ventricle.*  After  a  time,  however,  the  sensitiveness 
of  the  smypathetic  center  being  greater  than  that  of  its  fellow,* 
its  own  phenomena  take  the  lead:*  hyperconstriction  of  the 
arterioles  is  produced,  and  signs  of  collapse  may  appear,  includ- 
ing weakness  and  irregularity  of  the  cardiac  action,  due  to 
impending  arrest  of  cardiac  functions,  the  case  culminating 
perhaps  as  one  of  acute  poisoning. 

*  Author's  conclusion. 

■"'Cushny:    Loc.  cit.,  fourth  edition,  p.  448,  1906. 

'°  Lauder  Brunton:  Trans,  of  the  13th  Inter.  Med.  Congr.,  Sect,  on  Therap., 
p.  263,  1900. 
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In  acute  poisoning,  tlie  patient  passes  through  tlie  stage  of 
hypergemia — which  may  include  violent  headache,  flushing, 
muscular  pains,  vomiting,  delirium,  etc. — more  or  less  rapidly, 
then  into  the  stage  of  depression.  Just  referred  to.  The  heart 
action  becomes  irregular,  and  on  exertion,  such  as  sitting  up  or 
rising,  extremely  weak;  the  ventricles  and  auricles  may  no 
longer  beat  synchronously;  the  two  ventricles  likewise,  or  por- 
tions of  the  myocardium,  may  dilate,  while  others  still  contract. 
Hence  the  irregular  action,  the  occasionally  observed  blowing 
systolic  murmur,  the  dicrotic,  rapid,  weak,  irregular  and  broken 
pulse.  The  vascular  pressure  suddenly  drops,  concomitantly 
with  general  relaxation  of  the  entire  muscular  system,  as  shown 
by  the  intense  muscular  prostration,  the  anuria — due,  in  part, 
to  inaction  of  the  bladder — the  lowered  reflex  activity  (Fran- 
gois-Franck")  and  the  widely  dilated  pupil.  Paroxysms  of 
suffocation  occur,  the  adrenal  secretion  and  its  carrier,  the  ven- 
ous blood  of  the  inferior  vena  cava,  being  no  longer  propelled 
to  the  pulmonary  alveoli  by  the  cardiac  muscle.*  Hence*  the 
steady  fall  of  temperature,  the  cold  extremities,  the  growing 
pallor  and  the  stupor. 

A  symptom  of  another  order  may  appear  in  this  connection 
towards  the  end  of  this  stage:  the  gradual  diminution  of  the 
blood's  antitoxic  attributes  preventing  the  adequate  conversion 
of  toxic  wastes  into  benign  and  eliminable  products,*  convul- 
sions appear.  A  recurrence  of  very  elevated  blood-pressure 
then  occurs,  followed  by  a  very  rapid  fall  and  death. 

That  the  arterioles  play  the  cardinal  r61e  in  these  morbid  phe- 
nomena has  been  observed  by  various  investigators.  Wood"  refers  to 
the  experiments  of  Fothergill,'"  Gourvat  and  Ackermann/"  who  found 
microscopically  that  "the  arterioles  of  the  frog's  web  or  of  the  mesen- 
tery of  the  rabbit  undergo  very  marked  contraction,  even  to  the  oblitera- 
tion of  their  lumeyi,  after  the  exhibition  of  digitalis."  Weil"  also  noted 
that  the  reflex  activity  of  the  spinal  cord  practically  disappeared  when 
large  doses  were  given.  The  drug  caused  such  intense  vasoconstriction 
that  the  central  and  peripheral  circulations  were  impeded,  and  the  nerv- 
ous elements,  deprived  of  blood,  lost  their  irritability.  Porter,"  after 
an  exhaustive  physiological  study  of  the  cumulative  action  of  digitalis, 
found  that  it  was  the  result  of  excessive  contraction  of  the  heart's  arter- 


*  Author's  conclusion. 

"  Frangois-Franck:  Sajous's  "Annual  and  Analyt.  Cyclo.,"  vol.  ii,  p.  526, 
1898. 

'sWood:    Loc.  cit.,  thirteenth  edition,  p.  318,  1906. 
™  Fothergill:    "Digitalis,  Its  Mode  of  Action  and  Use,"  Phila.,  1871. 
Gourvat,  Ackermann:    Berl.  klin.  Woch.,  Bd.  ix,  S.  27,  1872. 

51  Weil:    Archiv  f.  Anat.  u.  Physiol.,  S.  252,  1871. 

52  Porter:    American  Medicine,  Apr.  27,  1901. 
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ioles  and  of  the  consequent  arrest  of  the  nutrition  of  the  myocardium. 
Suggestive  in  this  connection  is  the  fact  tliat  transection  of  the  upper 
part  of  tlie  cord  by  Traube,  Bezold  and  Boehm  (a  procedure  which,  we 
have  seen,  arrests  the  ellects  of  digitalis)  at  once  restored  normal  con- 
ditions in  poisoned  animals — obviously  by  causing  relaxation  of  the 
arteries.  This  result  could  not  have  occurred  if  the  vasoconstriction 
had,  as  is  now  believed,  been  due,  even  in  part,  to  a  direct  action  of  the 
drug  upon  the  vascular  walls. 

A  fatal  issue  occurs  rarely,  according  to  Potain,^^  death  from  digi- 
talis being  most  frequently  met  with  in  subjects  suffering  from  Bright's 
disease,  a  rheumatic  diathesis,  anajmia  or  delirium  tremens.  Hence  the 
need  of  special  watchfulness  in  such  cases.  The  prevailing  opinion  at 
present  is  that  the  dangers  of  digitalis  have  been  greatly  exaggerated. 
Henry  Beates,  Jr.,'^  who  uses  digitaline  (Merck's  Germanic)  in  rela- 
tively large  doses,  and  obtains  excellent  results,  is  of  this  opinion. 

The  treatment  of  digitalis  poisoning  is  described  in  a  spe- 
cial section  at  the  end  of  this  volume. 

Therapeutics. — The  foregoing  interpretation  of  the  physi- 
ological action  of  digitalis  accounts  fully  for  its  beneficial 
action  in  certain  cardiac  disorders.  Thus,  in  uncomplicated 
dilation,  in  which  the  heart-muscle  fails  to  contract  ade- 
quately, a  condition  usually  occurring  as  a  result  of  general 
adynamia,  digitalis,  or  better  digitalin,  not  only  enhances 
markedly  the  nutrition  of  the  body  at  large,  but  that  of  the 
heart  in  particular,  increasing  greatly  its  dynamic  power.  In 
dilation  due  to  a  valvular  lesion,  mitral  in  most  cases,  and  due 
to  the  increased  resistance  of  the  blood-column,  digitalin  is  of 
great  value  to  aid  the  heart  in  overcoming  the  obstruction. 
Even  when  the  valves  of  hoth  sides  are  diseased  the  drug  is  of 
value ;  here  the  passive  resistance  to  the  admission  of  blood  to 
the  right  heart  causes  hyperaemia  and  venous  stasis,  and  the 
excess  of  adrenal  secretion  causing  a  rise  of  blood-pressure,  more 
blood  is  projected  towards  the  heart,  and  slows  cardiac  action, 
thus  giving  the  organ  more  time  to  dilate  and  to  admit  more 
blood. 

Conversely,  the  use  of  any  preparation  of  digitalis  is 
obviously  inadmissible  when  the  heart  has  reached  the  stage 
of  full  compensation,  i.e.,  hypertrophy;  when  a  cardiac  disor- 
der is  due  to,  or  accompanies,  arteriosclerosis,  in  cases  of  aortic 
regurgitation,  since  the  drug  would  in  the  latter  case,  by  slow- 
ing the  cardiac  action,  lengthen  the  diastole  and  afford  more 
time  for  regurgitation.    Moreover,  by  causing  general  vasoeon- 


Potain:    Jour,  de  med.  et  de  chir.,  vol.  Ixxi,  p.  248,  1900. 
Henry  Beates,  Jr.:    Monthly  Cyclo.  of  Pract.  Med.,  Jan.,  1905. 
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striction,  it  would  increase  the  resistance  to  the  blood-current 
and  help  to  detain  the  blood  in  the  ventricle. 

In  syiicope  and  collapse  of  asthenic  origin,  digitalin  is  of 
very  great  value,  since  it  influences  very  soon,  when  adminis- 
tered hypodermically,  the  centers  and  organs  which  underlie 
the  whole  vital  fabric.  In  neurasthenia,  its  action  on  general 
nutrition,  besides  that  on  the  heart,  renders  it  invaluable  in 
some  cases.  In  acute  adynamic  diseases,  especially  pneumonia, 
it  aids  powerfully  to  sustain  the  heart.  It  is  not  indicated  dur- 
ing the  stage  of  early  pulmonary  engorgement,  however,  since 
it  augments  the  vascular  tension.  When  the  heart  is  yielding 
to  the  resistance  of  the  blood-column,  it  is  far  better  to  relieve 
the  pressure  itself  by  means  of  the  bromides  or  veratrum  viride. 

STROPHANTHUS. 

Physiolo^cal  Action. — Like  digitalis,  strophanthus  in- 
creases the  power  of  the  cardiac  contractions  and  reduces  their 
frequency.  The  pulse-waves  become  larger  and  fuller  and  the 
blood-pressure  is  raised  when  sufficiently  large  doses  are  admin- 
istered. This  action  is  less  marked,  but  it  occurs  sooner  than 
under  the  influence  of  digitalis,  and  does  not  last  as  long. 

Strophanthus  likewise  owes  its  action  to  the  fact  that  it 
stimulates  actively  the  test-organ,  and  through  it  the  adrenal 
center.*  A  greater  quantity  of  adrenal  secretion  being  pro- 
duced, the  contractile  power  of  the  right  ventricle  is  enhanced.* 
The  increased  volume  of  the  adrenal  secretion  insuring  a  corre- 
sponding augmentation  of  adrenoxidase  in  the  blood,  the  meta- 
bolic activity  of  all  organs  is  raised.*  As  this  includes  the 
heart-muscle,  the  latter  is  also  better  nourished  and  its  con- 
tractile power  is  thus  increased  from  another  direction.* 

This  applies  as  well  to  the  arteries.  Their  walls  being 
supplied  with  blood  richer  than  usual  in  adrenoxidase,  their 
tonic  activity  is  raised,  and  when  the  dose  of  the  drug  is  suffi- 
ciently large  they  contract.*  As  is  the  case  under  the  influence 
of  digitalis,  the  arterioles  are  the  first  vessels  (owing  to  their 
diminutive  lumen)  to  show  evidences  of  constriction.*  An 
important  difference  between  strophanthus  and  digitalis  asserts 
itself  in  this  connection,  however,  viz.,  strophanthus  does  not 


*  AutJior's  conclusion. 
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excite  the  sympathetic  center  even  when  administered  in  large 
doses.*  Hence  the  fact  that,  although  almost  as  active  as  an 
adrenal  stimulant  as  digitalis,*  strophanthus  does  not  influence 
the  arterioles  as  energetically  as  does  the  former. 

Cushny*^  states  that  "in  the  pulmonary  circulation,  the  pressure 
is  not  raised  by  some  of  the  [digitalis]  series,  such  as  strophanthin  and 
helleborein,  while  after  digitalis  a  very  distinct  rise  in  the  pressure  in 
the  pulmonary  artery  is  sometimes  seen.  Yet,"  he  adds,  "all  of  them 
increase  the  output  of  the  right  ventricle."  He  characterizes  these 
phenomena  a  "paradox,"  but  their  cause  is  self-evident  when  we  take 
into  account  the  fact  that  it  is  this  ventricle  alone  which  receives  the 
surplus  of  contractile  impetus  afforded  by  the  adrenal  secretion. 

The  fact  that  strophanthus  does  not  excite  the  sympathetic  center 
as  does  digitalis,  is  shown  plainly  by  its  relatively  feeble  action  on  the 
arterioles.  Fraser*"  estimated  that  it  was  fifty  times  less  active  in  this 
particular  than  digitalis.  Balfour"  states  that,  although  its  action  is 
very  much  more  marked  on  the  heart  than  digitalis,  it  acts  "one  hun- 
dred times  less  powerfully  than  digitalis  on  the  muscles  of  the  arter- 
ioles." Pisani*'  also  found  clinically  that  strophanthus  acted  but 
slightly  upon  the  vasomotor  system,  though  he  observed  increased 
arterial  pressure  and  reduction  in  x-he  pulse-rate  from  5  to  20  beats  per 
minute.  Fraser,  Delsaux  and  Yeo*"  observed  but  little  change  in  the 
caliber  of  the  blood-vessels.  The  arterial  contraction  does  not  even 
become  very  marked  under  the  influence  of  large  doses.  Popper,  and 
Gottlieb  and  Magnus™  found  that  division  of  the  cervical  cord  or  of  the 
splanchnic  does  not  prevent  the  rise  of  pressure,  but  these  procedures, 
by  causing  relaxation  of  the  arteries  in  the  adrenals,  increase  the  func- 
tional activity  of  the  latter  and  cause  a  rise  of  pressure  even  apart  from 
the  drug.  Giinther,"  after  studying  the  action  of  the  drug  upon  various 
kinds  of  animals,  great  and  small,  reached  the  conclusion  that  although 
strophanthus  was  a  vasoconstrictor,  this  action  "was  not  marked  in 
overdosage." 

Strophanthus  also  provokes  diuresis,  but  less  actively  than 
digitalis,  owing  to  the  fact  that  the  absence  of  all  influence  on 
the  sjrmpathetic  center  deprives  it  of  any  action  on  the  pro- 
pelling power  of  the  arterioles.*  The  kidneys  are  merely  stim- 
ulated, therefore,  because  they  are  rendered  hyperaemic  with 
blood  unusually  stimulating  in  character,  owing  to  the  excess 
of  adrenoxidase  it  contains.* 

The  presence  of  hypersemia  is  made  evident  by  the  fact  that 
Drasche*-  and  other  observers  found  the  secreting  structures  congested 
and  haemorrhagic  in  experimental  animals  after  moderate  doses  of 
strophanthus. 


*  Author's  conclusion. 

•"^Cushny:   Loc.  cit.,  fourth  edition,  p.  448,  1906. 

Fraser:  Jour,  of  Anat.  and  Physiol.,  vol.  vii,  p.  141,  1872;  and  Brit.  Med. 
Jour.,  Nov.  14,  1885. 

8'  Balfour:    Lancet,  May  23,  1896. 

sspisani:    Gaz.  med.  di  Torina,  No.  32,  1899. 

8»  Cited  by  Wilcox:    Amer.  Jour.  Med.  Sci.,  May,  1897. 

«o  Gottlieb  and  Magnus:  Archiv  f.  exp.  Path.  u.  Pharm.,  Bd.  xlvil,  S.  135, 
1901:  Bd.  xlviii,  S.  2G2,  1902. 

fiGiinther:    Therap.  Monatshefte,  Bd.  xviii,  S.  285,  1904. 

"^Drasche:    Cited  by  Wood:   Loc.  cit.,  thirteenth  edition,  p.  335.  1906. 
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"Untoward  Effects  and  Poisoning. — Large  doses,  or  small 
closes  given  during  a  prolonged  period,  may  produce  nausea, 
vomiting,  diarrhoea  and  marked  diuresis,  the  heart's  action 
and  pulse  being  greatly  slowed  and  strengthened.  Muscular 
twitchings  and  abnormal  reflex  irritability  may  also  occur. 
The  heart  muscle  being  likewise  rendered  overactive,  and  there- 
fore oversensitive,  it  is  prone,  like  the  other  muscles,  to  exces- 
sive activity,  i.e.,  contraction,  and  its  diastoles  become  increas- 
ingly smaller;  it  finally  fails  to  dilate  at  all,  being  found  con- 
tracted after  death.  A  general  arrest  of  the  vital  functions 
follows  at  once:  the  temperature  and  the  blood-pressure  fall 
rapidly,  muscular  weakness  lapses  into  paralysis,  and  death  fol- 
lows. 

Fiirbringer"'  and  Hochhaus,  out  of  120  cases  in  which  they  used 
the  drug,  also  observed  three  cases  of  sudden  and  unexpected  death  in 
which  the  drug  had  been  used  "in  large  doses  and  througliout  a  rather 
long  time."  As  in  every  instance  no  post-mortem  lesions  capable  of 
accounting  for  the  untoward  result  were  found,  the  authors  ascribe  them 
to  the  drug.  Mayeur,"*  Lemoine"^  and  others  have  noted  cumulative 
effects  resulting  in  death  in  some  instances  after  giving  small  doses  of 
strophanthus  during  a  prolonged  period.  If  we  were  dealing  with 
cardiac  paralysis  incident  upon  excessive  vasoconstriction,  as  in  digitalis 
poisoning,  the  heart  would  be  found  dilated,  i.e.,  in  diastole;  but  such 
is  not  the  case.  Fraser,  Paul  Bert,  Gley™  and  others  have  found  experi- 
mentally that  strophanthin  arrested  the  heart  in  systole.  Other  investi- 
gators have  noted  that  it  could  arrest  the  heart  in  diastole,  but  this  was 
obtained  by  applying  the  drug  directly  to  the  isolated  heart — a  procedure 
which,  as  we  have  seen,  does  not  portray  the  behavior  of  drugs  in  the 
system.  The  sudden  arrest  of  function  this  entails  is  exemplified  by 
Wood's"  reference  to  the  experiments  of  Gley,°'  that  "after  poisonous 
doses  the  pressure  immediately  or  secondarily  falls  gradually  to  zero." 

The  treatment  of  strophanthus  poisoning  is  described  in  a 
special  section  at  the  end  of  this  volume. 

Therapeutics. — Strophanthus  is  indicated  in  the  same  con- 
ditions as  digitalis.  Unfortunately,  it  cannot  be  used  hypo- 
dermically,  owing  to  its  marked  irritating  action  on  the  tissues. 
Its  oral  use  is  of  advantage  to  replace  digitalis  for  a  time, 
though  less  effective  and  more  ephemeral  in  its  action.  As  it 
does  not  affect  the  sympathetic  center,*  it  will  usually  be  borne 
without  trouble  by  patients  who  cannot  use  digitalis. 

*  Anthor'.t  conclusion. 

93  Furbringer:    Deut.  Medizinal-Zeitung,  Jan.  23,  1888. 
i*Mayeur:    These  de  Lille,  1888. 

^^Lemoine:    C.  r.  de  la  Soc.  de  biol.,  8  serie.  vol.  v,  pp.  495,  533,  1888. 
•"Gley:    Semaine  medicale,  vol.  ix,  p.  424,  1889. 
o^Wood:    Loc.  cit.,  thirteenth  edition,  p.  336,  1906. 
Gley :   Loc.  cit. 
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DRUGS  WHICH  RESEMBLE  STROPHANTHUS  IN  THEIR 
PHYSIOLOGICAL  ACTION. 

The  ph3fsiologieal  action  of  apocynum  and  convallaria  is 
similar  to  that  of  strophanthus,  the  rise  of  blood-pressure 
provoked  being  also  due  to  the  increased  metabolic  activity 
in  the  vascular  and  cardiac  muscles.*  Sparteine  stimulates  the 
same  centers  as  digitalis,  but  with  less  vigor  as  to  the  adrenal 
center.*  The  action  on  the  sympathetic  constrictors  becomes 
paramount  sooner,  with  the  resulting  hyperconstriction  of  the 
cardiac  arterioles  and  depression.* 

STRYCHNINE. 

Physiological  Action. — A  prominent  feature  of  the  action 
of  strychnine  is  that  it  stimulates  the  test-organ,  and,  there- 
fore, the  adrenal  center.*  By  thus  increasing  the  volume  of 
adrenoxidase  in  the  blood,  it  enhances  oxygenation,  and  thereby 
the  activity  of  the  metabolic  processes  of  the  entire  organism.* 

Wood  and  Cerna"'  obtained  experimentally  concordant  resnlts  in 
dogs,  showing  that  "the  injection  of  strychnine  produces  an  extraordi- 
nary increase  in  the  respiratory  air-movement,  the  increase  varying  from 
75  to  ,300  per  cent."  Identical  effects  were  obtained  in  morphinized  and 
chloralized  animals.  This  is  sustained  by  Reichert's'""  observations  that 
the  increase  in  heat  production  caused  by  the  drug  was  a  constant  fac- 
tor, favorable  to  an  increase  of  temperature.  Kionka'""^  found  that  the 
drug  caused  a  marked  elevation  of  temperature,  and  Mosso'"-  observed 
that  this  occurred  even  in  a  curarized  dog.  All  tliis  is  confirmed  by 
the  fact  ascertained  by  Obermeier,'™  that  the  production  of  carbon 
dioxide  was  greatly  increased.  It  is  evident,  therefore,  that  strychnine 
powerfully  enhances  oxygenation. 

The  central  origin  of  these  phenomena  was  demonstrated  experi- 
mentally by  Strieker  and  Rokitanskj'.""  Both  these  investigators  con- 
cluded tliat  strychnine  was  a  stimulant  of  the  respiratory  centers.  The 
identity  of  this  center  is  suggestive  by  the  fact  shown  by  Schiff  in  1859, 
Claude  Bernard  and  others,  that  strychnine  gives  rise  to  glycosuria. 
Langendorff'"''  having  found  lactic  ( sarcolactic)  acid  in  the  urine,  it  was 
believed  that  glycosuria  was  due  to  excessive  catabolism  due  to  the  con- 
vulsions provoked  by  the  drug,  biit  Demant'""  showed  that  small  doses, 
totally  incapable  of  causing  spasm,  also  caused  glycosuria.  Langendorff 
reached  the  same  conchision  after  experiments  in  frogs.  Now,  we  have 
seen,  that  as  observed  by  Loeb,  Lorand,  Caselli,  Launois  and  Roy  and 
others,  lesions  which  stimulated  the  pituitary  body  gave  rise  to  the 
symptom,  and  that  it  was  produced  by  increasing  the  activity  of  the 

*  Author's  conclusion. 

""Wood  and  Cerna:    Jour,  of  Physiol.,  vol.  xiii,  p.  870,  1892. 

Reichert:    Therap.  Gaz.,  Mar.  15  to  June  15,  1892. 

Cited  by  Wood:    hoc.  cit.,  tliirteenth  edition,  p.  218,  1906. 
»»2Mosso:    Arch.  ital.  de  Biol.,  vol.  vii,  pp.  306,  340,  1886. 
103  Obermeier:    Inaug.  Diss.,  Erlangen,  1891. 
1"*  Cited  by  Manquat:    Loc.  cit..  vol.  ii,  p.  700,  1903. 
"5  Langendorff:    Archiv  f.  Physiol.,  Suppl.  Band.,  S.  269,  1886. 
100  Demant:    Zeit.  f.  Chemie,  1886- 
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oxidation  processes,  i.e.,  the  production  of  adrenoxidase,  through  excita- 
tion of  tlie  adrenals.  Indeed,  we  have  seen  that  Blum,  Herter  and 
others  caused  glycosuria  by  injections  of  adrenal  extract,  and  that  Ber- 
nard prevented  toxic  glycosuria  by  dividing  the  splanchnic  nerves,  which 
contain  the  secretory  nerves  of  the  adrenals.  It  is  by  stimulating  the 
adrenal  center,  therefore,  that  strychnine  increases  general  oxidation. 

Strychnine  also  stimulates  directly  the  bulbar  vasomotor 

center  and  thus  raises  the  blood-pressure  throughout  the  entire 

body. 

That  stiychnine  stimulates  the  vasomotor  center  is  recognized  by 
all  experimenters.  Referring  to  the  experiments  of  Richter,^"'  S.  Mayer"* 
and  Vulpian,  Manquat""  states  that  it  causes  "a  considerable  elevation 
of  the  arterial  pressure,  which  may  attain  the  double  of  the  normal 
level."  Reiehert""  was  also  led  to  conclude  by  a  large  number  of  experi- 
ments, that  the  drug  raised  the  blood-pressure  by  an  action  on  the  vaso- 
motor center,  but  he  found  also,  as  had  Vulpian,  Mayer  and  Klapp,"^ 
that  after  division  of  the  upper  portion  of  the  spinal  cord  (the  path 
also  of  the  adrenal  secretory  nerves),  strychnine  could  no  longer  raise 
the  arterial  pressure. 

Small  therapeutic  doses  of  strychnine,  by  thus  increasing 
the  oxygenizing  property  of  the  blood  and  simultaneously  the 
vascular  tone,  enhance  general  metabolism  and  nutrition  in  all 
organs.*  When  the  therapeutic  doses  are  large,  however, 
undue  engorgement  of  the  capillary  system  occurs,*  and  is 
manifested  mainly  by  slight  stiffness  of  the  muscles,  restless- 
ness, formication  and  other  cutaneous  sensations,  the  other 
senses  becoming  also  more  acute. 

Large  therapeutic  doses  evoke  the  typical  effects  of  the 
drug,  i.e.,  twitchings  and  "startings,"  provoked  by  slight  excita- 
tions of  the  surface,  beginning  usually  with  the  muscles  of 
the  jaw,  throat,  neck  and  chest  and  extending  to  other  mus- 
cles. This  culminates  into  tetanic  convulsions  when  toxic 
doses  are  taken;  but  in  the  genesis  of  these  convulsions  a  new 
factor  asserts  itself,  i.e.,  a  marked  exaltation  of  reflex  activity 
due  to  the  highly  oxygenized  condition  of  the  blood*  and  the 
raised  vascular  tension.  The  morbid  process  involved  in  man 
is  as  follows : — 

The  general  vasoconstriction  caused  by  strychnine  begins 
in  the  great  central  vascular  trunks  and  affects  only  vessels 
supplied  with  a  muscular  coat,*  excepting  the  arterioles  (gov- 

*  Author's  conclusion. 

Richter:    Zeit.  f.  ration.  Med.,  Bd.  xviii,  1863. 
'fs  S.  Mayer:    Jahrb.  d.  k.  k.  Gesellschaft  d.  Aerzte  zu  Wien,  S.  112,  1872. 
1™  Manquat:    hoc.  cit..  vol.  ii,  p.  699,  1903. 
110  RgicJigrt'    Log.  cit. 

"iRlapp:    Jour.  Nerv.  and  Mental  Dis.,  Oct.,  1878. 
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erned  by  the  unaffected  sympathetic  center),  which  yield  to 
the  centrifugal  pressure  of  the  hlood-stream.*  Tlie  capillaries 
not  being  supplied  with  such  a  coat,  the  passively  dilated 
arterioles  thus  become  engorged  with  the  blood  forced  into 
them  by  these  deeper  vessels  and  are  dilated.*  This  general 
capillary  congestion  (with  highly-oxygenized  blood)  increases, 
as  stated,  the  functional  activity  of  all  organs  ;*  but  prominent 
among  these  are  (1)  the  cutaneous  sensory  end-organs  whose 
sensibility  to  external  excitation  is  exalted ;  (2)  the  spinal  cord, 
whose  sensibility  to  afferent  impulses  is  also  enhanced;  (3)  the 
skeletal  muscles,  which  are  rendered  overexcitable  to  impulses 
received  from  the  spinal  cord.* 

Hence,  the  convulsion  produced  by  strychnine  is  a  reflex 
phenomenon  due  to  the  interaction  of  three  sets  of  organs,  and 
is  produced  in  the  following  manner:  the  morbidly  sensitive 
(hyperoxygenized)  sensory  end-organs  of  the  skin  send  un- 
usually violent  afferent  impulses  to  the  (hyperoxygenized)  over- 
excitable  spinal  cord,  and  this  organ  in  turn  sends  exception- 
ally energetic  stimuli  to  the  overexcitable  (hyperoxygenized) 
muscles.* 

Alluding  to  the  action  of  strychnine  on  the  vasomotor  system  and 
the  manner  in  which  the  vessels  are  influenced,  Cushny"-  states  that 
"the  constriction  seems  to  affect  mainly  the  internal  vessels,  while  those 
of  the  skin  and  perhaps  of  the  muscles  are  dilated,  and  the  blood-current 
is,  therefore,  deflected  largely  from  the  internal  organs  to  the  skin  and 
limbs."  Dastre  and  Morat  and  Wertheimer"^  found  that  strychnine  pro- 
duced such  an  energetic  dilation  of  the  peripheral  vessels  in  doses  of 
0.002  to  0.004  gms.  (V32  to  Vis  grain)  that  it  caused  a  marked  blush 
of  the  mucous  membranes  of  the  lips,  gums  and  tongue.  Delezenne"^ 
also  noted  that  strychnine  was  a  powerful  dilator  of  the  peripheral  ves- 
sels— a  fact  accounted  for  by  the  absence  of  a  muscular  layer  in  capil- 
laries; for,  as  Manquat"'^  says,  it  is  the  vessels  supplied  with  a  "con- 
tractile tunic"  which  are  constricted  by  the  drug,  since  these  are  the 
only  ones  which  are  supplied  with  vasomotor  nerves.  Indeed  Wert- 
heimer  observed  that  the  peripheral  dilation  was  most  manifest  after 
the  blood-pressure  had  attained  its  maximum  and  disappeared  together 
with  the  fall  of  pressure.  The  gravitation  of  blood  towards  the  peri- 
phery is  also  emphasized  by  the  clinical  facts  mentioned  by  Manquat, 
that  "strychnine  causes  a  painful  exaltation  of  the  sensibility  of  the 
organs  of  special  sense,  especially  those  of  sight  and  hearing,"  and  that 
"in  medium  doses  (0.005  to  O.Oi  gm. — V12  to  IV2  grains)  tactile  sensi- 
bility is  augmented." 


*  Author's  canclusicm. 

"^Cushny:   Loc.  cit.,  fourth  edition,  p.  202,  1906. 
113  Wertheimer:    Semaine  Med,,  vol.  xii,  p.  345,  1892. 

"*Delezenne:  Arch,  de  physiol.  norm,  et  path.,  5  serie,  vol.  vl,  p.  899,  1894. 
"^Manquat:   Loc.  cit.,  vol.  ii,  p.  699,  1903. 
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The  role  of  the  cutaneous  sensory  organs  in  the  genesis  of  convul- 
sions is  illustrated  by  the  experiment  of  Poulsson,""  who  found  that 
when  a  frog  was  poisoned  with  strychnine  the  convulsions  did  not  occur 
after  the  animal  had  been  dipped  in  a  solution  of  cocaine.  Obviously, 
as  stated  by  Cushny  in  reference  to  this  experiment,  the  cocaine  used 
"was  sufficient  to  paralyze  the  sensory  terminations."  Moreover,  we 
know  that  a  draught  of  air,  the  slightest  touch  or  a  loud  noise  is  suffi- 
cient to  provoke  a  convulsion  in  strychnine  poisoning. 

That  the  spinal  cord  is  the  source  of  the  spasmogenic  impulses  is 
well  known.  But  is  its  overactivity  due,  as  generally  believed,  to  direct 
irritation  by  the  strychnine,  or  to  local  hyperaemia  with  overoxygenized 
blood?  Various  irritants  applied  to  the  bulbar  cord,  i.e.,  physical  irri- 
tants (Magendie),  can  provoke  convulsions.  As  shown  by  Van  Deen,"' 
Valentin  and  Spence,"*  strychnine  will  diffuse  itself  in  the  blood  of  the 
brain  and  cord  when  placed  on  these  organs,  and  provoke  convulsions 
from  muscle  to  muscle  as  it  advances  in  the  cord.  Yet  this  does  not 
prove  that  a  dose,  when  ingested  or  injected,  quite  able  to  provoke  con- 
vulsions, will  act  in  the  same  way;  it  only  shows  that  strychnine  is, 
as  elsewhere,  a  local  irritant.  Cushny,""  in  fact,  adduces  evidence  which 
led  him  to  conclude  that  tetanus  "can  be  produced  in  parts  whose  motor 
cells  are  impoisoned."  Again,  Brown-Sfquard  and  Martin-Magron  and 
Buisson  divided  the  cord  below  the  fore-legs,  and  isolated  the  lower  or 
detached  segment  of  the  cord  from  the  circulation  by  dividing  its  blood- 
vessels. On  injecting  strychnine  convulsions  occurred  only  in  the  por- 
tion of  the  body  connected  with  the  upper,  i.e.,  normal,  segment  of  the 
cord.  Nor  does  this  prove  that  it  was  because  the  vessels  could  no 
longer  carry  strychnine  to  the  spinal  cells  of  the  lower  segment  that 
convulsions  did  not  occur  in  the  lower  portion  of  the  body,  since  destruc- 
tion of  the  vessels  prevented  the  hyperemia  of  the  source  of  the  spas- 
mogenic impulses,  the  corresponding  area  of  the  cord.  Such  a  condition 
evidently  exists  in  strychnine  poisoning,  for  Wood  refers  to  "indications 
of  spinal  hyperjemia"  observed  at  times  post-mortem,  while  Cushny'-" 
states  that  tlie  local  cellular  changes  seem  "to  indicate  hyperactivity  of 
the  cell,  which  need  not  necessarily  be  due  to  direct  action  of  the  poison 
on  it." 

The  role  of  the  adrenoxidase  in  the  cord  is  exemplified  in  experi- 
mental results  recently  recorded  by  Burdon-Sanderson  and  Buchanan.'-*^ 
These  investigators  (in  refutation  of  views  advanced  by  Baglioni) 
showed  that  "when  the  cord  of  a  strychnized  preparation  is  alternately 
cooled  and  warmed  by  a  stream  of  cold  or  warm  water,  the  rest  of  the 
body  being  protected  as  far  as  possible  from  the  influences  of  the  changes 
of  temperature,  the  frequency  of  the  responses  varies  according  to  the 
temperature  to  which  the  cord  is  exposed."  As  we  have  seen,'"  the  role 
of  the  adrenoxidase  in  the  organism  is  to  combine  with  the  nueleo-pro- 
teid  in  order  to  liberate  heat  energy  and  thus  enhance  metabolism.  The 
presence  of  an  excess  of  adrenoxidase  in  the  blood  of  the  cord  by  raising 
metabolism  in  the  cell-elements  does,  therefore,  what  immersion  in  warm 
water  produced  in  Burdon-Sanderson  and  Buchanan's  experiments,  i.e., 
it  increases  its  activity  as  the  source  of  the  stimuli  transmitted  to  the 
muscles.  That  such  an  excess  of  adrenoxidase,  and  therefore  a  large 
reserve  of  oxygen,  obtains  is  also  shown  by  the  fact  that  Meltzer  and 
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Salant'"  kept  an  animal  poisoned  with  strychnine  alive  thirty  minutes, 
and  free  from  cyanosis,  dyspnoea  or  asphyxia,  by  insufflating  pure  hydro- 
gen. This  gas  delayed  death  by  interfering  with  the  intake  of  oxygen 
and  reducing  the  excess  of  vascular  tension,  the  animal  living  all  the 
while  on  the  large  volume  of  oxygen  in  his  blood.  Moreover,  Evenliof'-* 
observed  tliat  an  injection  of  strychnine  enabled  the  patient  to  bear 
greater  quantities  of  chloroform — another  fact  which  the  presence  of  a 
greater  quantity  of  oxygen  in  the  blood  explains. 

Vuipian"''  long  ago  concluded  that  "all  spasmodic  phenomena 
caused  by  strychnine  are  reflex  in  nature."  Claude  Bernard'-"  cut  all 
the  posterior  roots  of  the  spinal  nerves,  in  the  frog.  Having  injected 
strychnine,  convulsions  occurred  only  when  the  segments  of  the  nerves 
connected  with  the  cord  were  stimulated.  Obviously  the  cord  required 
this  exogenous  excitation  to  produce  spasm.  According  to  VVood,'^'  this 
experiment  "demonstrates  that  the  reflex  motor  ganglionic  cells  are  in- 
capable of  originating  an  impulse,  and  in  strychnine-poisoning  are  simply 
in  such  a  condition  of  overexcitability  as  renders  tliem  exceedingly  sensi- 
tive to  slight  irritations  and  causes  them  to  respond  most  energetically 
to  the  feeblest  stimulus,  the  convulsions  always  being  therefore  a  reflex 
phenomenon."  Cushny'^"*  also  concludes  that  convulsions  "follow  only 
on  the  passage  of  an  impulse  fro7n  ivithout  to  the  spinal  cord."  Finally, 
that  the  convulsions  are  due  to  impulses  fi'om  the  cord  to  the  muscles 
is  shown  by  a  simple  experiment  of  Vulpian's,  i.e.,  division  of  the  nerves 
to  any  one  extremity.  This  procedure  prevents  strychnic  spasm  in  that 
extremity,  though  all  other  muscles  take  part  in  the  convulsion. 

Poisoning. — A  poisonous  dose  of  str3^chnine  evokes  with 
more  or  less  rapidity  the  symptoms  caused  by  a  large  thera- 
peutic dose :  stiffness  of  the  face,  neck  and  chest ;  involuntary 
twitches;  heightened  reflex  irritability;  hypersensitiveness  of 
the  special  senses,  etc.  More  or  less  suddenly — sometimes 
within  a  quarter  of  an  hour  after  taking  the  dose — the  convul- 
sions begin,  the  patient  falling  with  the  legs  rigidly  extended, 
the  body  being  so  bent  backward  as  to  rest  upon  the  head  and 
heels  (opisthotonos).  The  facial  muscles  are  strongly  con- 
tracted, the  corners  of  the  mouth  being  drawn  out — the  so- 
called  risus  sardonicus.  All  the  morbid  processes  described  are 
ctearly  discernible  in  this  sequence  of  phenomena.  The  par- 
oxysm finally  lapses  into  tremor  and  intermittent  muscular  con- 
tractions, then  ceases,  leaving  the  subject  in  a  state  of  intense 
exhaustion  and  calm.  The  slightest  external  excitation,  a  cur- 
rent of  air  even,  suffices  to  bring  on  another  paroxysm  similar 
to  the  first,  and  this  may  be  followed  by  a  third. 
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In  man,  a  favorable  termination  is  probable  when  the  con- 
vulsions gradually  become  less  intense  and  shorter,  while  the 
intervals  become  longer.  Conversely,  in  unfavorable  cases,  the 
paroxysms  become  more  intense  until  the  vasoconstriction  is 
such  as  to  interrupt  the  circulation,  as  shown  by  the  cyanosis 
of  the  lips  and  face.  This  interruption  of  the  circulation  is  the 
main  lethal  factor,  for  it  not  only  interferes  with  functions  of 
the  adrenals,  but  so  reduces  the  vis  a  tergo  motion  of  the  blood- 
current  that  the  venous  blood  laden  with  adrenal  secretion  is 
not  driven  past  the  pulmonary  alveoli  with  sufficient  speed  to 
form  the  minimum  quantity  of  adrenoxidase  required  by  the 
vital  process  at  large.*  The  normal  issue  under  such  condi- 
tions is  death  from  asphyxia — that  observed  in  strychnine 
poisoning. 

The  steady  increase  of  the  vascular  tension  which  ultimately  leads 
to  the  fatal  issue  is  well  shown  by  the  observations  of  Santesson/™  that 
the  action  of  strychnine  on  the  terminal  ramifications  of  the  nerves  in 
the  frog  increases  slowly  and  progressively  with  the  dose  until  a  maxi- 
mum is  reached.  Finally  there  comes  a  time  when  their  action  is  para- 
lyzed. Vulpian  and  Poulsson"^"  also  observed  this  paralyzing  action  of 
strychnine  on  motor  nerves.  This  is  readily  explained,  however,  by  the 
intense  vasoconstriction  caused  by  the  drug,  for  inasmuch  as  motor 
nerves  incite  functional  activity  merely,  as  we  have  seen,''"  by  acting  as 
stricto-dilators,  i.e.,  by  admitting  a  greater  volume  of  blood  in  an  organ, 
complete  obstruction  of  the  channels  containing  that  blood  must  render 
the  motor  nerves  useless,  i.e.,  paralyze  their  action.*  Indeed,  after 
injecting  a  large  toxic  dose  into  the  jugular  of  a  dog,  "the  motor 
nerves,"  as  stated  by  Wood,  were  found  "to  have  entirely  lost  their  power 
of  responding  to  galvanic  or  other  stimulation."  Further  proof  that 
this  is  merely  due  to  excessive  contraction  of  the  arteries  is  afforded  by 
the  fact  that  it  may  be,  as  shown  by  Vulpian,  only  temporary,  the  motor 
nerves  regaining  the  functional  efficiency  even  before  the  effects  of  the 
drug  have  passed  off. 

The  inhibition  of  the  adrenal  functions  is  a  normal  consequence  of 
the  excessive  constriction.  The  pituitary  body  and  the  heart,  receiving 
finally  a  volume  of  blood  quite  inadequate  to  sustain  their  functions,  can 
no  longer  continue  its  functions. 

Therapeutics. — The  foregoing  study  of  the  action  of 
strychnine  justifies  the  great  confidence  it  has  earned.  In 
functional  atony,  the  increase  of  adrenoxidase  and  the  simul- 
taneous stimulation  of  the  vasomotor  center  provide  not  only 
the  vital  principle,  but  also  the  mechanism  to  increase  the  sup- 
ply of  this  substance  to  the  enfeebled  organs.*    In  the  vari- 

*  Author's  conclusion. 
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ous  forms  of  paralysis,  neurasthenia,  etc.,  an  important  feature 
of  its  action  imposes  itself,  viz.,  the  increased  circulation  of 
adrenoxidase-laden  plasma  in  the  nervous  elements  themselves, 
axis-cylinders,  the  network  of  the  cell-bodies,  the  dendrites,* 
etc.,  in  addition  to  that  supplied  to  the  nerves  through  their 
nutrient  arteries.  In  cardiac  disorders,  attended  with  local 
debility  and  vascular  relaxation,  strychnine,  by  stimulating  the 
adrenal  center,  increasing  metabolic  activity  in  the  muscular 
layer  of  the  vessels  and  in  the  heart-muscle  proper,*  affords 
precisely  the  conditions  required  to  counteract  the  asthenic 
process.  In  alcoholism,  strychnine,  by  enhancing  the  produc- 
tion of  adrenoxidase,  antagonizes  precisely  its  evil  effects,* 
since,  as  will  be  shown,  it  is  by  robbing  the  blood  of  its  oxygen 
that  alcohol  produces  its  main  toxic  action.*  In  amblyopia 
due  to  alcoholism,  the  marked  benefit  strychnine  affords  is  due 
to  a  similar  action.  In  shock,  a  condition  mainly  due  to  paretic 
vasodilation,  it  strikes  directly  the  depressed  center,*  increases 
oxygenation  of  the  vascular  walls*  and  restores  the  vascular 
tone  to  its  normal  state.  Finally,  in  chronic  bronchitis  and 
other  torpid  processes,  strychnine  is  of  great  value  by  increas- 
ing the  oxygenizing  power  of  the  blood,*  and  stimulating 
thereby  all  the  reparative  functions.* 

DRUGS  WHICH  RESEMBLE  STRYCHNINE  IN  THEIR 
PHYSIOLOGICAL  ACTION. 

The  physiological  action  of  brucine  differs  in  no  way  from 
that  of  strychnine.  It  is  less  active  as  a  spasmogenic  agent,  and 
less  reliable. 

Caffeine  acts  much  as  does  strychnine.  It  activates  the 
adrenal  center  with  even  more  vigor,  however,  thus  increasing 
markedly  the  proportion  of  adrenoxidase  in  the  blood.*  Al- 
though its  action  on  the  vasomotor  center  is  less  marked,  it  is 
sufficient  to  raise  the  tone  of  the  vessels  and  heart,  the  nutri- 
tion of  these  organs  being  materially  aided  by  the  increased 
oxygenizing  property  acquired  by  the  blood  under  its  use.*  Its 
indications  are  practically  those  of  strychnine.  Its  marked 
action  on  the  vascular  system  and  the  heart  has  also  caused  it 
to  be  used  as  a  substitute  for  digitalis. 

*  Author's  conclusion. 
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COCA  AND  COCAINE. 

Physiological  Action. — Cocaine  owes  its  therapeutic  prop- 
erties to  the  fact  that  it  stimulates  (1)  the  test-organ  and 
through  it  the  adrenal  center,*  and  [2)  the  vasomotor  center. 
Its  action  on  the  adrenal  center  is  very  powerful,  the  adrenal 
secretion  and  its  product  adrenoxidase  being  increased  in  the 
blood  even  by  small  doses,  while  general  metabolism  is  aug- 
mented in  proportion  as  the  therapeutic  dose  is  increased.* 
This  is  the  characteristic  action  of  nontoxic  doses  of  cocaine.* 

Cocaine  is  more  powerful  as  an  adrenal  stimulant  than  either 
belladonna,  digitalis  or  strychnine.  E.  T.  Reichert'^-  refers  to  it  as  "a 
thermogenic  of  extraordinary  power."  He  found^"^  that  in  dogs  "general 
metabolism  is  distinctly  increased  even  by  small  doses,  and  that  the 
extent  of  the  increase  is  proportional  to  the  size  of  the  dose."  In  two 
series  of  experiments,  for  instance,  the  heat-production  was  increased  40 
per  cent,  by  a  dose  of  0.0025  gm.  per  kilo  of  body  weight,  and  146.9  per 
cent,  by  one  of  0.01  gm.  per  kilo,  tlie  mean  temperature  rise  in  the  first 
series  being  0.55°  C.  (1°  F.)  and  1.81°  C.  (3.26°  F.).  With  still  larger 
doses  the  rectal  temperature  rose  beyond  this  (2.19°  C. — 4.94°  F. )  before 
the  experiment  ceased.  Indeed,  VVood'^''  states  that  "the  rise  of  rectal 
temperature  in  cocaine-poisoning  sometimes  amounts  to  as  much  as  8°  F." 
(4.44°  C. ),  and  moreover  that  the  drug  "is  a  powerful  stimulant  to  the 
respiratory  centers" — a  conclusion  based  on  the  investigationa  of  von 
Anrep,  Mosso  and  others.  That  the  adrenal  center — the  respiratory  cen- 
ter— is  the  source  of  the  impulses  which  provoke  these  effects  is  shown 
by  the  fact  pointed  out  by  von  Anrep,  Berthold'^  and  Reichert,'^'"  that 
preliminai-y  division  of  the  upper  portion  of  the  spinal  cord  prevents  all 
the  effects  of  cocaine.  By  increasing  the  secretion  of  the  adrenals  its 
action  on  the  heart  may  become  sufficient  to  arrest  it  in  systole — the 
characteristic  final  effect  of  cocaine  on  this  organ,  according  to  Pachon 
and  Moulinier."' 

Similar  effects  are  obtained  from  the  coca  plaint  itself.  Gazeau 
found  that  coca  leaves  taken  daily  increased  the  respiratoiy  activity,  the 
temperature,  and  the  excretion  of  urea:  18  gm.  (4Vo  drachms)  taken 
daily  increased  the  output  of  urea  11  per  cent.,  and  20  gm.  (5  drachms), 
16  per  cent.  The  latter  dose  accelerated  the  pulse  and  the  respiratory 
rate._  These  observations  were  confirmed  by  Espinosa.  Montegazza  had 
previously  observed  an  increase  of  temperature.  Gazeaii,  Morton,'^' 
Haig""  and  Mortimer,""  all  assert  that  it  frees  the  blood  of  products  of 
tissue-waste — a  property  due,  as  is  well  known,  to  increased  oxidizing 
power. 


*  AntJwr's  conrluaion. 
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The  direct  action  of  cocaine  upon  the  vasomotor  center  is 
much  less  pronounced  than  that  of  strychnine.*  Though  it 
raises  markedly  the  blood-pressure,  this  is  mainly  due  to  the 
fact  that  its  powerful  stimulating  influence  upon  the  adrenal 
center  and  the  general  increase  of  metabolic  activity  this 
entails,  affect  likewise  the  heart-muscle  and  muscular  elements 
of  the  blood-vessels,  arteries  and  veins.*  The  volume  of  blood 
driven  into  the  capillaries  of  all  organs  is  therefore  increased 
(by  the  contraction  of  the  larger  vessels),  bu.t  not  excessively, 
as  it  is  by  drugs  which  excite  violently  the  vasomotor  center.* 
The  increase  of  volume,  however,  plus  the  marked  gain  of  oxy- 
genizing power  acquired  by  the  blood,  represent  the  immediate 
effects  to  which  coca  and  cocaine  owe  their  therapeutic  action.* 

That  cocaine  raises  the  blood-pressure  has  been  shown  by  von 
Anrep,""-  Vulpian/"  Laborde,  Nikolsky,  Danini,  Reichert'"  and  others. 
Tlie  fact  that  the  arterioles  take  part  in  the  general  constriction  is  indi- 
cated by  the  observation  of  Durdufi"^  that  the  narrowing  of  the  arteries 
of  a  rabbit's  ear,  which  occurs  after  cocaine  has  been  ingested  into  this 
animal's  blood,  ia  prevented  if  the  cervical  sympathetic  of  the  corre- 
sponding side  is  severed.  According  to  Mortimer,'"^  coca,  given  inter- 
nally, also  "contracts  the  peripheral  arteries."  That  all  these  effects 
are  originally  of  central  origin  is  shown  by  the  fact  that  when  the 
adrenal  and  vasomotor  paths  are  severed,  they  cease.  Thus,  Danini, 
Bertliold"''  and  Reichert  found  that  after  section  of  the  spinal  cord  alone 
or  with  the  vagi,  cocaine  no  longer  distinctly  increases  the  blood- 
pressure. 

The  crowding  of  the  highly  oxygenized  blood  into  the  peripheral 
tissues  causes  the  effects  of  cocaine  to  resemble  those  of  belladonna. 
Thus,  Cushny'"  states  that  "the  pulse  is  accelerated,  the  respiration  is 
quick  and  deep,  the  pupil  generally  dilated,"  and  that  "headache  and 
dryness  of  the  throat  are  often  complained  of."  The  fugacious  pre- 
liminary slowing  of  the  heart's  action,  also  observed  under  atropine,  was 
noted  by  both  Vulpian  and  Arloing,  M'hile  dilation  of  the  pupil  has  been 
noted  by  Roller,  Terrier,"^  Laborde,""  von  Anrep  and  others.  It  occurs 
also  fifteen  to  twenty  minutes  after  a  solution  of  cocaine  has  been 
applied.  Cocaine  also,  as  stated  by  Manquat,  causes  a  slight  paresis  of 
accommodation  and  increases  pain  in  glaucoma,  thus  showing  that  it 
increases  intra-ocular  tension — as  does  atropine. 

Tlie  effects  of  the  coca  plant  are  evidently  similar.  Shuttle  worth"*' 
noted  that  it  caused  dryness  of  the  throat;  Montegazza^'^^  and  Gazeau"^ 


*  Author's  conclusion. 

1"  von  Anrep:    Archiv  f.  d.  ges.  Physiol.,  Bd.  xxi,  S.  38,  1880. 

"2  Vulpian:    C.  r.  de  I'Acad.  d.  sci.,  Nov.  24,  1884. 

"3  Reichert:    Amer.  Lancet,  May,  1891. 

"*Durdufi:    Deut.  med.  Woch.,  Bd.  xiii,  S.  172,  1887. 

Mortimer:    Loc.  cit.,  p.  413. 

Berthold:   Loc.  cit. 
•"Cushny:    Loc.  cit.,  fourth  edition,  p.  299,  1906. 
148  Terrier:    Bull,  de  la  Soc.  de  chir.,  vol.  x,  p.  825,  1884. 

Laborde:    Tribune  med.,  Nov.  30,  1884. 

Shuttleworth:    Can.  Pharm.  Jour.,  Aug.,  1877. 

Montegazza:    "Sulle  virtu  della  Coca,"  Milan,  1859. 

Gazeau:   Thdse  de  Paris,  1870. 

a-28 


1234  INTERNAL  SECRETIONS  IN  PHARMACODYNAMICS. 


both  observed  acceleration  of  the  pulse.  Mortimer^^'  says  that  "after 
mastication  of  a  great  quantity  of  coca,  the  eye  seems  unable  to  bear 
light,"  and  that  "there  is  marked  distention  of  the  pupil,"  referring  to 
the  observations  of  Tschudi,"*  Schroff'"^  and  others. 

It  is  owing  to  its  powerful  stimulating  action  upon  the 
adrenal  center  and  its  less  marked,  though,  effective,  action  on 
the  vasomotor  center,  that  coca  and  cocaine  owe  their  energetic 
excito-motor  properties.*  The  volume  of  blood  supplied  to  the 
tissues  is  not  only  greater,  but,  its  oxygenizing  virtues  being 
unusually  high,  the  intrinsic  metabolism  of  all  cellular  ele- 
ments is  correspondingly  enhanced.*  It  is  through  this  prop- 
erty that  coca  activates  the  nutrition  of  all  muscles.*  The 
muscle  fiber  is  also  enriched  in  those  substances  which  serve 
to  cause  its  contraction,  since  the  surplus  of  adrenoxidase  in 
the  blood  likewise  augments  the  functional  activity  of  the  liver 
and  of  the  leucocytogenic  organs.*  The  carbohydrate  reserves 
(the  most  important  of  which  is  glycogen)  are  thus  supplied 
to  the  muscles  in  greater  quantities  (though  commensurate 
with  the  supply  of  adrenoxidase),  and  the  potential  energy 
which  the  increased  nutrition  supplies  can  thus  be  converted 
into  a  correspondingly  greater  amount  of  muscular  work.* 

Mosso  found  that  in  warm-blooded  animals,  including  man,  mus- 
cular excitability  was  increased  by  small  doses.  Fuster,  in  experiments 
upon  himself,  experienced  marked  muscular  agitation  and  tremors,  with 
impulses  to  physical  movements.  Benedicenti'""  also  found  ergographi- 
cally  that  cocaine  raised  not  only  the  contractile  energy  of  the  muscles, 
but  also  their  power  to  resist  fatigue.  Ott  showed  that  the  contractions 
were  prolonged.  The  convulsions  caused  by  toxic  doses  occur,  as  observed 
by  Grasset,^"  five  or  six  minutes  after  the  drug  has  been  injected,  and 
may  be  brovight  on  by  peripheral  excitation,  thus  showing,  in  accord 
with  the  convulsions  of  Mosso,  von  Anrep,  and  Soulier  and  Guinard,'"*' 
that  the  reflex  activity  of  the  spinal  axis  is  markedly  increased.  This  is 
not  due,  as  generally  believed,  to  a  local  action  of  the  drug,  but  to  the 
excess  of  adrenoxidase  in  the  plasma  of  the  nerve-cells.* 

The  leaves  of  the  coca  plant  have  been  extensively  used  by  the 
natives  of  Peru,  Bolivia  and  other  South  American  countries,  to  increase 
their  muscular  strength  and  endurance.  According  to  various  medical 
authors,  Tschudy,"^'  Unamie,""  Moreno  y  Maiz"^  and  others,  who  wit- 
nessed its  use  in  these  countries,  ths  plant  undoubtedly  possesses  this 


*  Author's  conclusion. 

Mortimer:    Loc.  cit.,  p.  413. 
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property.  Sir  R.  Christison'"''  observed  experimentally  upon  himself 
that  it  removed  extreme  fatigue  and  prevented  it,  suspending  also  hunger 
and  thirst.  Reichert*^"^  also  found  that  under  restricted  diet,  and  even 
in  the  absence  of  food,  coca  enables  its  user  to  do  more  work  than  under 
normal  conditions. 

Mortimer"**  concludes  that  the  increased  muscular  power  is  caused 
by  coca  "through  the  excitation  of  the  hypothetical  ferment  of  the  con- 
tractile element."  That  such  an  action  prevails — though  indirectly — is 
evident  from  the  facts  I  have  submitted.  Indeed,  the  function  of  adren- 
oxidase  is  dual  here,  as  it  is  in  all  tissues :  it  takes  part  in  the  intrinsic 
metabolism  of  the  muscular  protoplasm  as  it  does  in  that  of  all  cells,  a 
function  which,  in  its  catabolic  phase,  utilizes  the  ferment  or  hydrolytic 
triad."''*  This  is  the  trophic  element  of  the  process,  however — that 
through  which  the  life  of  the  muscle-cell  is  sustained  as  well  during 
repose  as  during  contractile  activity.  This  does  not  mean  that  coca  or 
cocaine  supplies  nutriment  to  the  muscle,  but  that  it  augments  its  func- 
tional activity  by  raising  its  power  to  utilize  the  nutrient  materials  that 
are  available. 

The  anesthesia  produced  by  the  local  application  of 
cocaine  is  due,  as  is  well  known,  to  a  marked  vasoconstrictor 
action.  The  tissues,  including  their  sensory  terminals,  being 
deprived  of  blood,  lose  their  sensibility.  This  property  of 
cocaine  differs  entirely  from  that  of  the  same  agent  when  it  is 
used  internally — the  only  action  which  enters  within  the  scope 
of  this  work. 

Untoward  Effects  and  Poisoning. — An  excessive  dose 
of  coca  produces  mental  excitement  and  an  exacerbation  of 
muscular  power,  but  this  is  apt  to  be  followed  by  general  weak- 
ness, especially  of  the  legs,  cutaneous  horripilation,  coldness 
and  difficult  locomotion.  These  are  obviously  the  after-effects 
of  excessive  intrinsic  muscular  metabolism. 

Cocaine,  in  toxic  doses — which  include  small  as  well  as 
large  doses — gives  rise  to  symptoms  due  in  practically  all  cases 
to  excessive  excitation  of  the  adrenal  center.  This  is  aggrav- 
ated, however,  by  a  concomitant  rise  of  the  blood-pressure 
through  supranormal  metabolism  in  the  muscular  layers  of  the 
blood-vessels,  a  corresponding  overaction  of  the  cardiac  muscle 
from  the  same  cause  and  excitation  of  the  sympathetic  center. 
As  a  result,  blood  excessively  rich  in  adrenoxidase  is  forcibly 
driven  into  all  organs.  The  following  phenomena  are  pro- 
duced: the  cerebral  hyperaemia  provokes  marked  excitement 
and  hallucinations,  the  patient  being  very  talkative,  wakeful, 

"2  Sir  R.  Christison:   Brit.  Med.  Jour.,  Apr.  29,  1876. 
"SReichert:   Univ.  Med.  Mag.,  Oct.,  1890. 
J"*  Mortimer:    Loc.  cit.,  p.  420. 
Cf.  this  vol.,  p.  851. 
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and  perhaps  anxious  and  confused.  The  pulse  is  accelerated, 
the  respiration  rapid,  the  mouth  and  throat  dry,  and  the  pupils 
dilated.  Gradually  as  the  general  vasoconstriction  increases 
these  symptoms  become  more  marked,  and  profuse  perspira- 
tion, creeping  sensations  in  the  skin,  convulsive  movements 
and  prtecordial  distress  appear;  the  cardiac  action  becomes 
extremely  rapid  and  irregular,  the  respiratory  movements  like- 
wise, dyspnoea  becoming  steadily  more  marked.  If  the  toxic 
dose  be  not  too  large,  these  phenomena  may  gradually  disap- 
pear, leaving  the  patient  extremely  weak,  especially  in  the 
lower  extremities.  Otherwise  violent  tonic  and  clonic  convul- 
sions appear,  and  death  occurs  in  the  midst  of  a  paroxysm.  In 
such  cases  the  heart  is  found  tightly  contracted.  Its  diastoles 
become  more  and  more  restricted,  and  the  volume  of  blood 
raised  is  gradually  lessened  until  finally  it  ceases  to  dilate. 
This  mode  of  death  is  due  to  excessive  stimulation  of  the 
adrenal  center  and  to  paralysis  of  the  heart  by  excessive  con- 
traction of  its  ventricles.* 

In  some  cases,  especially  when  the  toxic  dose  is  very  large, 
the  convulsive  stage  does  not  appear;  the  patient,  after  a  few 
of  the  preliminary  symptoms,  lapses  into  a  state  of  profound 
collapse,  the  pulse  being  weak,  small  and  intermittent,  and 
sometimes  slow.  The  heart  here,  though  still  active,  is  unable, 
owing  to  the  cramped  condition  of  its  walls,  to  dilate  suffi- 
ciently, and,  too  little  venous  blood  being  sent  to  the  lungs  dur- 
ing each  contraction,  respiratory  failure  occurs.*  The  resjiira- 
tions  become  increasingly  slow  and  shallow;  the  skin  grows 
cold,  clammy  and  cyanotic,  and  death  follows,  but  due  in  this 
case  to  respiratory  paralysis. 

Death  from  cocaine-poisoning  is  evidently  not  due  to  inhibition  of 
the  heart.  Pachon  and  Moulinier^™  found  the  ventricles  tightly  con- 
tracted and  the  auricles  dilated.  That  a  relatively  small  dose  may  pro- 
duce such  effects  is  well  shown  by  the  following  case  reported  by  Tivy'*" 
— one  of  urethral  stricture  with  retention  of  urine.  He  states:  "I 
resolved  to  get  a  small  catheter  or  bougie  into  his  bladder  if  possible, 
and,  to  save  the  patient  some  of  the  pain  and  so  facilitate  the  process, 
I  decided  to  inject  some  solution  of  cocaine  into  the  urethra  beforehand. 
I  therefore  injected  half  a  drachm  of  a  10-per-cent.  solution  of  cocaine 
hydrochloride  with  a  glass  syringe  into  the  urethra  in  the  ordinary  way, 
telling  the  patient  to  hold  the  penis  in  his  fingers  to  prevent  escape.  I 


*  Author's  conclusion. 
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then  left  the  patient  with  the  wardsman  who  was  attending  me,  and 
turned  to  wash  my  hands;  but  before  I  could  get  to  the  end  of  the 
ward  the  man  called  to  me,  and  I  returned  immediately.  I  then  found 
thi  patient  in  a  state  of  clonic  convulsion,  with  his  back  arched,  and 
jumping  up  ofi'  the  bed.  His  jaws  were  moving  spasmodically,  and  he 
had  bitten  his  tongue.  His  face  was  somewhat  cyanosed  and  his  breath- 
ing very  spasmodic  and  slightly  stertorous.  The  eyeballs  were  fixed  and 
the  lids  half  closed.  I  could  not  feel  a  pulse  at  the  wrist,  but  Iiis  arms 
were  jerking  so  forcibly  that  it  was  not  easy  in  any  case.  I  put  my 
ear  to  the  chest  and  heard  the  heart  beating.  His  breathing  rapidly 
became  shallower  and  convulsions  lessened  in  force,  and  in  about  a 
minute  respiration  ceased,  the  cyanosis  increasing;  I  put  in  a  gag, 
pulled  out  his  tongue,  and  began  artificial  respiration,  and  the  Sister 
brought  me  a  hypodermic  syringe  of  brandy,  which  she  injected  while  I 
continued  the  respiration.  I  also  had  a  hot  stupe  put  over  the  heart, 
but  when  I  listened  again  the  beats  had  ceased.  I  persevered  with  artifi- 
cial respiration  for  a  quarter  of  an  hour  and  had  the  brandy  repeated, 
but  with  no  effect,  as  the  patient  never  rallied,  and  was,  I  believe,  dead 
in  about  three  minutes  from  the  time  of  injection.  I  made  a  post-mor- 
tem examination  the  next  day  and  found  all  the  organs  fairly  healthy. 
The  kidneys  were  congested  but  not  diseased,  the  spleen  was  enlarged  and 
fleshy,  and  the  liver  showed  signs  of  cirrhosis.  The  heart  had  apparently 
stopped  in  systole,  as  all  the  chambers  were  empty."  The  participation 
of  the  entire  muscular  system  in  the  morbid  process  and  the  influence 
on  the  heart  are  clearly  shown. 

The  second  mode  of  death  is  really  but  a  slight  modification  of  the 
first.  The  "cramped"  heart,  instead  of  stopping  outright,  continues  its 
functions  in  an  imperfect  manner;  it  necessarily  fails  to  satisfy  the 
needs  of  the  respiratory  process,  and  the  function,  as  a  whole,  sooner  or 
later  comes  to  a  standstill.  A  suggestive  fact  in  this  connection  is  the 
observation  of  Dujardin-Beaumetz"''"  that  doses  no  larger  than  0.01  or 
0.02  gm.  (Vo  to  Vs  grain)  never  caused  syncope  in  his  cases  when  the 
patient  was  either  standing  or  sitting.  In  the  recumbent  position  the 
heart's  tendency  to  become  arrested  in  systole,  i.e.,  in  the  cramped  state, 
is  increased,  since  the  upright  position,  by  augmenting  the  intra-ventri- 
cular  resistance  of  the  blood-column,  tends  to  prevent  contraction  of  the 
ventricles. 

Chronic  Cocainism. — The  stimulating  action  of  cocaine 
upon  the  adrenal  and  sympathetic  centers  is  attended,  when 
any  but  very  small  doses  penetrate  the  blood-stream,  by  an 
unusual  expenditure  of  local  latent  energy,  followed  by  a  period 
of  depression  and  recuperation.  Gradually,  as  the  doses  are 
repeated,  the  recuperative  power  of  the  centers  decreases  and 
the  depression  experienced  not  only  persists,  but  tends  to  lapse 
into  prostration,  especially  in  neurotic  subjects.  Soon  the  dis- 
covery is  made  that  this  prostration,  which  entails  apathy, 
apprehension,  inability  to  do  satisfactory  work,  etc.,  is  at  once 
antagonized  by  the  drug  itself.  Strength,  agility,  self-confi- 
dence, etc.,  return,  but  continue  only  as  long  as  the  effects  of 
the  drug  last.    Stimulated,  the  adrenals  have  temporarily 
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enriched  the  blood's  supply  of  oxidizing  substance ;  stimulated, 
the  sympathetic  centers  caused  the  enriched  blood  to  be  driven 
vigorously  into  the  tissues  and  the  entire  nervous  system.  Yet 
the  centers,  having  sacrificed  a  correspondingly  great  amount 
of  their  energy,  become  increasingly  less  responsive  to  the 
exciting  influence  of  the  drug,  and  gradually,  as  the  prostra- 
tion augments  after  each  exacerbation  of  activity,  the  dose  must 
be  increased  in  order  to  insure  satisfactory  effects.  Finally  the 
patient  shows  evidences  of  rapidly-developing  marasmus — the 
result  of  the  general  vasodilation  and  the  deficiency  of  adren- 
oxidase  which  the  debility  of  the  adrenal  center  entails.  The 
skin  assumes  a  pale  yellowish  color,  the  extremities  are  cold; 
digestive  disorders,  due  to  relaxation  of  the  gastro-intestinal 
muscular  relaxation  and  deficiency  of  digestive  ferments, 
appear,  with  anorexia,  emaciation  as  normal  sequences.  The 
sympathetic  center  also  losing  its  hold  upon  the  arterioles,  there 
occur  hallucinations  of  vision,  hearing,  taste,  smell  and  cutane- 
ous sensibility — the  patient  imagining  that  foreign  bodies, 
creeping  bugs,  etc.,  are  present  in  his  skin — insomnia,  delirium 
and  delusions  of  persecution,  sometimes  attended  with  furor, 
during  which  the  patient  may  injure  himself  or  others,  con- 
vulsions, general  paralysis  and  insanity. 

The  experiments  of  Reiehert""'  in  dogs  clearly  illustrate  another 
fact,  i.e.,  the  depression  which  the  active  effects  of  cocaine  produce: 
the  0.0025  gm.  dose  (per  kilo  weight)  increased  the  temperature 
0.55°  C,  but  caused  no  subsequent  depression;  the  0.01  dose  raised  it 
1.81°  C,  but  it  became  subnormal  during  the  third  hour;  in  the  two  suc- 
ceeding experiments  with  still  larger  doses  the  temperature,  after  a 
marked  rise,  also  became  subnormal  and  continued  so  throughout  the 
experiment.  In  man,  as  stated  by  Norman  Kerr:""  "When  the  dose 
taken  has  been  relatively  immoderate,  the  depression  and  nervous  debil- 
ity may  remain  for  days  or  till  the  next  dose." 

The  treatment  of  cocaine  poisoning  is  described  in  a  special 
section  at  the  end  of  this  volume. 

Therapeutics. — Apart  from  its  local  action  (a  feature  of  its 
use,  which  does  not  enter  within  the  limits  of  this  work)  cocaine 
is  of  great  value  in  all  disorders  in  which  general  adynamia 
prevails.  Unfortunately,  the  vigor  with  which  it  overcomes  the 
symptoms,  i.e.,  by  stimulating  the  adrenal  center,  whose 
debility  underlies  the  morbid  process,*  is  so  gratifying  to  the 

*  Author's  conclusion. 
Reichert:    Loc.  cit. 
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patient,  if  adequate  doses  are  taken,  that  he  is  exposed  to  the 
danger  of  indulging  inordinately  in  its  use,  i.e.,  acquiring  the 
cocaine  habit.  To  avoid  this,  small  doses  or,  better  still, 
preparations  of  the  coca  plant  should  be  prescribed,  the  aim 
being  to  raise  gradually  the  functional  efficiency  of  the  adrenal 
center  to  its  normal  standard.  This  measure  avoids  also  the 
depression  which  follows  the  use  of  large  doses. 

I  have  not  given  cocaine  itself  internally  since  the  first  two  years 
of  its  appearance  on  the  market,  over  twenty  years  ago;  two  experi- 
ences having  shown  me  its  dangers.  I  use  a  preparation  of  uniform 
strength,  the  Mariani  coca  wine,  which  contains  Vio  grain  (0.006  gm. ) 
of  cocaine  to  the  ounce  (as  one  of  the  constituents  of  the  coca  leaf),  and 
prescribe  it  in  the  regular  way,  avoiding  the  word  "cocaine"  (Vinum 
Erythroxylon  C.  Mariani ) ,  and  directing  that  it  be  put  up  in  an  ordinary 
pharmaceutical  bottle.  While  ordering  one  ounce  to  be  taken  three 
times  daily,  however,  I  give  simultaneously  digitalin  ('/lo  grain — 0.006 
gm. ),  or  strychnine  (Vm  grain — 0.001  gm. ) ,  and  lay  stress  on  the  impor- 
tance of  the  last-named  drugs.  The  patient's  attention  is  thus  diverted 
from  the  cocaine,  and,  although  he  is  greatly  benefited  by  its  concomitant 
use,  experience  lias  shown  that  he  is  not  exposed  to  the  danger  of  becom- 
ing a,cocainomaniac. 

Coca  and  cocaine  have  been  found  of  especial  value  in 
neurasthenia,  debility  and  retarded  convalescence,  owing  to  its 
effects  on  general  metabolism  not  only  upon  the  muscular  tis- 
sues, but  also  the  nervous  elements  proper.*  This  accounts  also 
for  their  value  in  all  forms  of  paralysis  dependent  upon  general 
asthenia,  and  in  melancholia  due  to  cerebral  ischaemia.  In  car- 
diac disorders  in  which  functional  atony  and  dilation  prevail, 
they  serve  much  the  same  purpose  as  digitalis,  strophanthus 
and  kindred  dri:gs.*  Their  beneficial  effects  are  especially 
marked  in  the  weak  heart  of  delayed  convalescence  from  debil- 
itating diseases,  influenza,  for  example.  This  applies  also  to 
torpid  catarrhal  processes  and  particularly  to  chronic  bronchitis, 
the  increased  vigor  of  cardiac  contractions  and  the  greater  oxy- 
genizing power  of  the  blood  serving  to  increase  the  circulatory 
activity  in  the  bronchial  mucosa*  and  to  incite  and  hasten  reso- 
lution. In  disorders  of  the  gouty  series,  migraine,  asthma,  etc., 
they  tend  to  prevent  the  recurrence  of  accesses  by  increasing  the 
oxygenizing  and  antitoxic  properties  of  the  blood  and,*  there- 
fore, its  power  to  break  down  the  toxic  products*  of  imperfect 
metabolism,  while  simultaneously,  by  activating  the  metabolic 
process  itself,  preventing  the  formation  of  toxic  wastes.*  They 
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also  aflEord  material  aid  in  the  asthenic  stage  of  infectious  dis- 
eases, typhoid  fever,  yellow  fever  and  smallpox  especially,  by  in- 
creasing the  blood's  asset  in  auto-antitoxin*  and  by  sustaining 
the  contractile  power  of  the  heart.  Coca  is  one  of  the  most 
efficient  agents  at  our  disposal  in  the  treatment  of  alcoJiolism  ; 
by  stimulating  directly  the  test-organ,  and  through  it  the 
adrenal  center,*  it  counteracts  the  debilitating  action  of  alcohol 
on  this  center  and  the  craving  for  alcoholic  stimulation. 

QUININE. 

Physiological  Action. — Moderate  doses  of  quinine  stimulate 
the  general  vasomotor  center  and  cause  general  vasoconstric- 
tion. Contraction  of  the  central  vascular  trunks  being  thus 
produced,  the  blood  supplied  the  peripheral  vessels  is  in- 
creased,* and  the  reflex  sensibility  of  the  cutaneous  sensory 
nerves  is  correspondingly  influenced. 

"Quinine,"  says  Manquat,  "always  causes,  in  the  state  of  the  ves- 
sels, modifications  related  to  those  of  the  pressure.  Weak  doses  give 
rise  to  vasoconstriction  and  large  doses  to  a  vasodilation."  This  was 
conclusively  demonstrated  experimentally  by  H.  A.  Hare,'-'"  who  observed 
that  in  frogs  under  the  influence  of  quinine,  the  vessels  were  much  more 
contracted  (their  walls  being  also  thicker)  than  those  of  normal  frogs. 
Von  Schrofl',"^  in  accord  with  this  observation,  had  found  that  quinine 
caused  a  preliminary  rise  of  blood-pressure,  an  effect  also  noted  experi- 
mentally by  Sehlockow,"^  Block,  Neissner,'"  Jerusalimsky,'"  See  and 
Bochefontaine'™  and  others.  It  is  further  confirmed  by  the  fact  that 
the  peripheral  congestion  caused  by  the  constriction  of  the  central  vas- 
cular trunks  becomes  sufficiently  marked  to  greatly  increase  the  sensi- 
bility of  the  cutaneous  nerve-endings.  This  was  first  observed  by 
Schlockow,  who  foimd  that  quinine  increased  the  skin's  reflex  activity. 
ITeubach"'  and  Cerna"*  reached  similar  results  experimentally,  but 
found  that  this  was  produced  only  by  very  small  doses;  they  also  con- 
clude that  since  it  was  prevented  by  ligation  of  the  abdominal  aorta,  it 
was  to  be  ascribed  to  overactivity  of  the  peripheral  sensory  nerves. 

This  indicates  that  the  general  vasoconstriction  is  of  central  origin, 
for,  as  we  have  seen,  convulsions  are  caused  in  frogs  by  excessive  stim- 
ulation (i.e.,  hypersemia)  of  the  cutaneous  sense-organs,  such  as  that 
produced  by  quinine  and  other  alkaloids  of  cinchona.  Albertoni""  found 
that  the  convulsions  thus  produced  by  einchonidin  in  pigeons  occurred, 
even  though  the  cerebrum  had  been  removed,  provided  the  drug  were 
injected  after  the  animal  had  been  given  time  to  recover  from  the  shock 
of  the  operation.    This  shows  that  the  indirect  cause  of  the  convulsions 

*  Author's  conclusion. 

"1  Hare:    Phila.  Med.  Times,  Oct.  18,  1884. 
"2  von  Schroff:    Med.  Jahrb.,  S.  175,  1875. 

Schlockow:    "De  Chinii  Sulfuric!,  etc.,"  Vratislavias,  1860. 
"*  Block,  Neissner:    Nothnagel  et  Rossbach:    "Mat.  med.  et  therap.,"  French 
edition,  p.  635,  Paris,  1889. 

Jerusalimsky:    Centralbl.  t.  mcd.  Wissen.,  Bd.  xiv,  S.  476,  1876. 

See  and  Bochefontaine:    C.  r.  de  I'Acad.  de  sci.,  vol.  xcvi,  p.  267,  1883. 
"'Heubaeh:    Centralbl.  f.  med.  Wissen.,  Bd.  xii,  S.  674,  1874. 

Cerna:    Phila.  Med.  Times,  July  3,  1880. 

Albertoni:   Arch.  f.  exper.  Path.  u.  Pharm.,  Bd.  xv,  p.  278,  1882. 
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originated  not  in  the  cortex,  but  in  structures  below  the  brain.  Indeed, 
they  occurred  also  in  dogs  after  destruction  of  tlie  cortex.  Moreover, 
Jerusalimsky  found  that  the  rise  of  blood-pressure  caused  by  quinine  did 
not  occur  after  transection  of  the  spinal  cord,  which,  of  course,  contains 
the  vasomotor  paths. 

Larger  therapeutic  doses  likewise  stimulate  the  general 
vasomotor  center,  but  this  action  is  soon  supplemented  by 
another,  i.e.,  direct  stimulation  of  the  sympathetic  center,  and, 
as  a  result,  by  increased  propulsive  activity  of  the  terminal 
arterioles.*  The  peripheral  vessels  are  thus  not  only  supplied 
with  an  unusual  volume  of  blood,  but  the  pressure  to  which  the 
terminal  arterioles  submit  the  latter  as  it  passes  through  them 
forces  the  blood  into  the  cutaneous  capillaries  with  sufficient 
violence,  generally,  to  cause  marked  flushing.*  A  sensation 
of  fullness  in  the  head  and  ears,  due  to  cerebral  hypersemia, 
may  be  accompanied  by  more  or  less  severe  headache,  tinnitus 
and  deafness,  the  latter  being  sometimes  permanent,  especially 
when  the  use  of  the  drug  is  continued. 

Occasionally  hsematuria,  purpura,  erythema  and  subderraal 
swelling  appear,  the  latter  phenomenon  being  due  to  the  fact 
that  the  blood  or  its  serum  is  forced  through  the  walls  of  the 
capillaries,  owing  to  the  centrifugal  pressure  exerted  upon  them 
by  the  blood-stream.* 

The  cardiac  action  is  accelerated  and  strengthened  under 
these  conditions,  the  heart-muscle  receiving  a  greater  influx 
of  blood. 

The  intense  hypersemia  of  the  capillaries  is  well  shown  by  the 
investigations  of  St.  John  Roosa'™  and  Kirchner,""-  the  first-named 
investigator  having  found  that  in  adequate  doses  the  drug  caused  con- 
gestion of  the  middle  ear.  Kirchner  not  only  confirmed  this  observa- 
tion, but  found  that  it  pi'oduced,  in  cats,  hemorrhages  in  the  middle  and 
internal  ears  and  in  the  fourth  ventricle.  The  latter  phenomenon  shows 
that  the  aural  symptoms  are  due  to  a  general  excessive  engorgement  of 
the  capillary  system,  the  blood,  as  in  hematuria  and  the  cutaneous  vas- 
cular lesions,  causing  often  actual  rupture  of  the  vessels.  This  is  illus- 
trated by  the  familiar  fact  that  quinine  often  provokes  epistaxis,  with 
considerable  relief,  sometimes,  of  the  severe  headache  caused  by  the  drug. 

Quinine   is   poisonous    to   many   organisms,  including 

amoeboid  cells.    So  marked  is  this  action  that  adequate  doses 

check  the  amceboid  movements  of  the  leucocytes  themselves 

and  prevent  their  migration  from  the  vessels.    The  tissues 

failing  to  receive  their  usual  proportion  of  nucleo-proteid 


*  Author's  cnnrlusion. 

St.  John  Roosa:  Amer.  Jour.  Med.  Sci.,  Oct..  1874. 
"1  Kirchner:    Berl.  klin.  Woch.,  Bd.  xviii,  p.  725,  1881. 
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granules,*  nutrition  is  lowered.  Hence*  the  decreased  elimina- 
tion of  urea  caused  by  excessive  doses  of  the  drug. 

It  is  to  its  direct  action  as  a  toxic  upon  the  plasmodium 
malarise  that  quinine  produces  its  beneficial  effects  in  the  vari- 
ous malarial  fevers.  It  destroys  not  only  the  amoeba,  but 
its  spores,  and  thereby  breaks  up  the  morbid  cycle.  The 
activity  of  this  process  is  enhanced  by  the  stimulating  action 
of  the  drug  upon  the  vasomotor  center;  the  blood  being  driven 
in  greater  quantities  into  the  capillary  system  and  the  liver, 
a  fever-like  process  is  awakened,  in  which  the  drug  acts  as  the 
immunizing  agent.*  The  volume  of  blood  in  transit  through 
the  capillaries  is  sufficiently  increased  in  some  instances  to  pro- 
duce a  rise  of  temperature  reaching  sometimes  105°  F. 
(40.G°  C).  In  such  cases  the  adrenal  center  is  also  stimulated 
by  the  drug.* 

The  toxic  action  of  quinine  upon  the  leucocytes  was  first  shown  by 
Binz'*-  in  1867.  So  marked  was  its  action  in  this  particular  that  areas 
of  inflammation  in  the  mesentery  of  frogs  produced  by  the  local  applica- 
tion of  mustard  failed  to  be  invaded  by  leucocytes  when  quinine  had 
been  given  to  the  animal,  while  they  were  present  in  great  number  in 
the  untreated  animals.  This  has  been  confirmed  by  Maurel,"^  Pouchet^*' 
and  others.  Fitch"^  found  that  in  animals  poisoned  with  quinine  the 
polymorphonuclear  leucocytes  are  considerably  reduced  in  number. 
These  leucocytes  are  the  neutrophiles — those  which,  as  I  have  shown,^"' 
take  up  the  food-products  from  the  intestine.  The  result  of  this  destruc- 
tion of  leucocytes,  which  necessarily  diminishes  the  supply  of  granula- 
tions to  the  tissue-cells  and  metabolism  is  self-evident:  deficient  nutri- 
tion of  the  entire  organism.  That  quinine  produces,  in  fact,  a  marked 
diminution  of  urea  excretion  has  been  noted  by  many  observers.  Re- 
ferring to  this  evidence,  and  particularly  to  Prior's,"*'  Wood,  Sr.  and 
jj.  1S8  write,  "we  are  warranted  in  believing  it  established  that  quinine 
powerfully  depresses  the  elimination  of  the  nitrogenous  excretory  prin- 
ciples." 

The  direct  action  of  the  drug  on  the  plasmodium  is  generally  recog- 
nized. As  to  the  febrile  process  sometimes  awakened  by  quinine,  cases 
have  been  reported  in  which  the  temperature  rose  several  degrees.  Thus, 
A.  L.  Goodman'*"  refers  to  a  case  in  which  the  drug  raised  the  tempera- 
ture from  99°  to  103.2°  F.,  twice,  the  temperature  receding  when  the 
drug  was  withdrawn,  and  he  refers  to  many  reported  cases,  including 
nineteen  by  Prof.  Tomasselli,  of  Catania,  in  some  of  which  the  tempera- 
ture reached  105°  F.  (40.6°  C). 

Luca,'™  in  a  study  of  the  relative  value  of  the  administration  of 
the  drug  by  the  mouth  or  by  hypodermic  injection,  ascertained  that  the 

*  Author's  conclusion. 

i82Binz:   Archiv  f.  micros.  Anat.,  Bd.  iil,  S.  383,  1867. 
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quantity  in  the  blood  is  at  first  very  minute,  but  that  it  increases  grad- 
ually, the  maximum  being  reached  in  an  hour.  This  is  doubtless  due 
to  the  fact  that,  as  held  by  Lombard  and  Carles,"^"^  leucocytes  ingest 
quinine  and  are  poisoned  by  it.  The  alkaloid  then  passes  out  into  the 
blood  again  or  is  promptly  secreted  by  these  cells.  Luca  found  also  that 
the  parasite  of  malaria  was  susceptible  to  a  minute  proportion  of  the  drug. 

Untoward  Effects  and  Poisoning. — In  subjects  unduly 
susceptible  to  its  effects,  owing  to  hypersensitiveness  of  the 
sympathetic  center,*  very  small  doses  of  quinine  have  caused 
untoward  effects.  Under  normal  conditions,  even  moderate 
doses  (15  to  30  grains — 1  to  2  grams),  by  unduly  stimulating 
the  sympathetic  center,*  become  harmful.  They  provoke  such 
powerful  contraction  of  the  arterioles  that  the  penetration  of 
blood  into  the  capillary  system  is  interfered  with.*  As  a 
result,  the  peripheral  hyperiemia  caused  by  the  smaller  doses 
is  replaced  by  antemia  of  the  cutaneous  capillaries.*  This 
naturally  entails  lowering  of  the  temperature  of  the  surface; 
hence  the  antipyretic  effects  of  the  drug,  when  administered 
in  large  doses. 

The  arterioles  of  the  various  structures  of  the  eye  being 
likewise  excessively  constricted,*  the  quantity  of  blood  supplied 
to  them  is  correspondingly  diminished.  The  vision  may  thus 
become  impaired,  or  total  blindness  may  occur,  sometimes  quite 
suddenly.  Quinine  amblyopia  usually  disappears  gradually, 
however,  after  the  use  of  the  drug  is  discontinued.  The  light 
reflex  is  usually  absent  and  accommodation  may  also  become 
impossible.  Nystagmus,  strabismus  and  anaesthesia  of  the  con- 
junctiva have  also  been  observed.  The  pupils  are  dilated  when 
the  constriction  of  arterioles*  of  the  sphincter  muscles  of  the 
iris  is  sufficiently  marked. 

The  corresponding  constriction  of  the  terminal  arterioles* 
in  various  other  organs  also  interferes  with  their  functions: 
the  cerebral  (capillary)  anaemia  gives  rise  to  vertigo;  that  of 
the  spinal  system  and  the  skeletal  muscles  to  marked  muscular 
weakness  and  a  tremor  resembling  that  of  paralysis  agitans; 
that  of  the  lungs  and  in  the  body  at  large  to  marked  dyspnoea; 
that  of  the  myocardium  to  slowing  and  weakening  of  the 
heart's  action.  Collapse  may  then  occur,  death  being  some- 
times preceded  by  convulsions.  Such  an  issue,  however,  is 
extremely  rare. 


*  Author's  conclusion. 

"1  Carles:    "Role  des  Leucocytes,"  p.  94,  Paris,  1904. 
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All  these  morbid  effects  are  aggravated,  when  very  large 
doses  are  taken,  by  the  destruction  of  leucocytes  which  such 
doses  provoke. 

The  transition  from  hypersemia  to  anaemia  of  tlie  cutaneous  capil- 
laries is  well  illustrated  by  the  fact  that  in  frogs  very  small  doses  pro- 
duce, as  stated  by  Wood,"-  "a  permanent  palsy  of  reflex  activity."  The 
cause  of  this  has  remained  obscure.  This  may  be  said  also  of  the  anti- 
pyretic action  of  quinine.  "Wliile  no  solution  of  this  dilemma  has  been 
offered  as  yet,"  says  Cushny,^"^  "it  seems  extremely  probable  that  the 
antipyretic  action  of  quinine  is  due  to  its  retarding  metabolism."  He 
characterizes  as  a  "paradox"  also  the  fact  that  while  "on  the  one  hand, 
there  is  no  question  that  the  temperature  falls,"  "the  combustion  is  cer- 
tainly not  reduced  to  any  notable  extent."  Another  unexplained  fact  is 
that  noted  by  de  Mussy  in  1871,  and  more  recently  by  Huchard,"^  that 
large  doses  of  quinine  arrest  haemorrhage.  All  these  effects  are  readily 
explained  when  excessive  (sympathetic)  constriction  of  the  terminal 
arterioles  is  taken  into  account:  the  palsy  of  reflex  activity  is  due  to 
the  reduced  volume  of  blood  in  the  capillaries;  the  temperature  falls 
for  the  same  reason,  though  combustions  are  not  materially  reduced; 
hsemorrhagps  are  controlled  because  the  constricted  vessels  no  longer 
allow  the  blood  to  pass  freely,  and  thus  favor  the  formation  of  obturat- 
ing clots. 

The  constriction  of  the  ocular  arterioles  under  the  influence  of 
large  doses  was  directly  observed  by  De  Bono'"^  in  dogs.  The  vessels  of 
both  the  iris  and  choroid  were  markedly  contracted  in  most  instances — 
those  of  the  optic  nerves  always.  He  found  the  "quinine-amblyopia 
ischemia"  in  the  retina  of  all  cases,  whether  cured  or  not.  As  stated 
by  Wood,*^™  "the  ophthalmoscopic  examination  commonly,  but  not  always, 
has  revealed  pallor  of  the  optic  disks,  with  excessive  lessening  in  the 
size  of  the  retinal  vessels."  The  exceptions  are,  obviously,  those  in 
which  the  doses  were  not  large  enough  to  provoke  ischaemia.  Indeed, 
smaller  doses  may  induce  the  opposite  effect — -the  hyperaemia  to  which 
I  have  referred.  Thus,  Dickinson  "has  seen  the  optic  disks  swollen  and 
having  the  appearance  of  an  ordinary  choked  disk."  The  presence  of 
quinine  ischaemia  is  further  emphasized  by  the  fact  that  de  Schweinitz 
found  that  "the  continuous  administration  of  the  drug  may  finally  cause 
a  true  atrophy  of  the  optic  nerve" — a  normal  result  of  inhibited  nutri- 
tion. Both  Brunner'"'  and  de  Schweinitz^™  ascribe  the  loss  of  retinal 
function  to  a  vasomotor  spasm  probably  of  centric  origin,  but  such  a 
spasm  would  mean  the  presence  of  general  vasoconstriction,  a  condition 
which  would  entail  engorgement  and  not  depletion  of  the  peripheral  ves- 
sels. Again,  vasomotor  spasm  does  not  exist  under  such  conditions. 
"When  the  doses  of  quinine  are  large  ( 1.5  to  2  gms.  [23  to  30  grains] ) 
write  Nothnagel  and  Rossbach,  "whether  in  man  or  animals,  during  dis- 
ease or  health,  the  contractions  of  the  heart  and  the  vascular  pressure 
is  loroered;  most  observers  (Briquet,  Dumf-ril,  Reil,  Schlockow,  Lewit- 
zky,  Schroff,  Jr.,  Liebermeister )  consider  this  as  an  indubitable  and  con- 
stant fact."  Indeed,  we  are  dealing,  not  with  vasomotor  spasm,  but 
with  spasm  due  to  excitation  of  the  sympathetic  center,  the  terminal 
arterioles  of  the  eye  being  throttled,  as  it  were,  as  are  those  of  the  body 
at  large. 

lo^Wood:   Loc.  cit.,  thirteenth  edition,  p.  563,  1906. 
ii'^Cushny:    Loc.  cit.,  third  edition,  p.  365,  1899. 
"*Huchard:    Jour,  des  Praticiens,  Dec.  8,  1900. 

De  Bono:    Arch.  d.  Ottal.,  vol.  ii,  fasc.  3  to  6,  1895. 
""Wood:    Loc.  cit.,  thirteenth  edition,  p.  562,  1906. 
"'  Brunner:    Cited  by  Wood:   Loc.  cit.,  thirteenth  edition,  p.  563,  1906. 
"*  de  Schweinitz:  Ibid. 
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The  treatment  of  quinine  poisoning  is  described  in  a  special 
section  at  the  end  of  this  volume. 

Therapeutics. — The  use  of  quinine  as  an  antipyretic  is 
now  obsolete,  other  remedies  and  measures  being  preferable 
when  hyperpyrexia  (above  105°  F.)  is  to  be  reduced  to  prevent 
haemolysis.  Its  tendency  to  produce  destruction  of  the  red 
and  white  corpuscles  in  large  doses  also  argues  against  its 
employment  in  the  febrile  diseases.  In  all  forms  of  malarial 
fever,  and  conditions  due  to  malaria,  neuralgia,  enlargement  of 
the  spleen,  etc.,  however,  quinine  is  invaluable,  its  power  ex- 
ceeding that  of  any  other  remedy.  It  is  customary  to  precede 
its  use  by  a  mercurial  purgative:  the  powerful  stimulating 
action  of  mercury  upon  the  test-organ  and  adrenal  center^"" 
accounts  for  the  increased  effect  thus  obtained.*  On  the  other 
hand,  the  production  of  malarial  Immaturia,  sometimes  wit- 
nessed when  quinine  is  given  in  intermittent  fevers,  is  explained 
by  the  intense  capillary  hyperemia  to  which  the  drug  gives 
rise,*  and  points  to  the  need  of  moderation  in  its  use.  As  a 
prophylactic  against  malarial  infection,  quinine  is  now  of  recog- 
nized value.  This  property  is  due  to  the  cutaneous  hyperemia 
which  the  drug  produces*  and  to  the  fact  that  the  parasite  or 
its  spores,  when  introduced  into  the  tissues  by  the  mosquito, 
at  once  meet  blood  which  is  toxic  to  them,  owing  to  the  presence 
of  quinine  in  solution. 

It  is  also  by  producing  capillary  hyperemia,  especially  of 
the  cutaneous  tissues,*  that  quinine  is  beneficial  in  many  other 
conditions.  It  can  thus*  abort  acute  coryza,  tonsillitis,  subacute 
bronchitis,  etc.,  if  taken  early  and  in  sufficient  quantities:  3 
grains  (0.2  gram)  every  two  hours  until  slight  headache  or 
flushing  of  the  face  occur,  when  the  dose  is  reduced.*  The 
toxic  wastes  liberated  in  the  blood  through  exposure  to  cold 
are  thus  promptly  destroyed*  where  they  have  accumulated, 
i.e.,  in  the  superficial  tissues.*  Suppurative  processes,  toils,  for 
instance,  are  promptly  arrested  by  this  treatment.  In  asthenic 
disorders,  neurasthenia,  quinine  is  of  value  by  causing  the  nerve- 
elements,  which  are  in  reality  all  capillary  blood-channels,*  to 
receive  a  greater  volume  of  blood-plasma.* 


*  Author's  conclusion. 
i^"  Cf.  this  vol.,  p.  1147. 
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DRUGS  WHICH  RESEMBLE  QUININE  IN  THEIR 
PHYSIOLOGICAL  ACTION, 

A  number  of  drugs  act  much  as  does  quinine,  the  varia- 
tions consisting  in  their  action  upon  the  different  centers. 
Thus  eucahjptus  stimulates  the  adrenal,  vasomotor  and  sympa- 
thetics  centers,  but  mainly  the  latter.  Indeed,  when  toxic 
doses  are  given,  death  is  due  to  excessive  constriction  of  the 
arterioles  of  the  heart  and  failure  of  the  respiration.  Eucalyp- 
tus is  much  less  effective  than  quinine,  or,  in  fact,  any  prepara- 
tion of  cinchona,  as  antiperiodic. 

DRUGS  WHICH  BECOME  CONSTITUENTS  OF  THE 
TISSUE-CELLS. 

Closely  associated  with  the  drugs  described  in  the  forego- 
ing pages  is  the  class  of  agents  generally  known  as  "nutrients," 
in  the  sense  that  they  are  actual  components  of  the  tissues. 
They  are  of  great  value,  therefore,  as  adjuncts  to  these  drugs 
in  appropriate  cases,  since  the  latter  only  stimulate  function 
without  contributing  directly  to  the  body's  resources. 

Iron  owes  its  therapeutic  value  to  several  concomitant 
properties.  Being  a  normal  constituent  of  tissue  and  blood- 
cells,  its  beneficial  effects  appear  only  when  it  is  actually 
required.  It  stimulates  the  adrenal  center  only  incidentally — 
probably  before  it  has  assumed  an  assimilable  form.  Its 
specific  action,  however,  is  to  take  part  in  the  elaboration  of 
hsematin,  of  which  it  is  the  chief  component,  and  to  stimulate 
the  bone-marrow — thus  increasing  the  production  of  red  cor- 
puscles. Its  purpose  in  hjematin  being,  as  I  have  shown,  to 
act  as  storage  material  (the  link  being  its  own  affinity  for  oxy- 
gen) for  adrenoxidase,  pending  the  distribution  of  the  latter 
to  the  tissues,  iron  thus  enhances  directly  the  blood's  all-im- 
portant function,  oxygenation. 

In  'phosphorus  we  have  another  constituent  of  tissue-cells 
even  more  widespread  than  iron,  and  fully  as  important  to  the 
vital  process.  The  various  roles  I  have  ascribed  to  it  in  all 
organic  functions,  e.g.,  in  the  maintenance  of  the  blood's  tem- 
perature, in  the  body's  auto-protective  processes,  in  the  intrin- 
sic exchanges  of  the  tissue-cells,  including  the  nerve-cells,  and 
the  genesis  of  the  nerve-impulse,  etc.,  emphasize  sufficiently  its 
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therapeutic  indication  in  adynamic  disorders,  especially  those 
in  which  the  nervous  system  has  borne  the  brunt  of  the  original 
pathogenic  factor.  Being,  like  iron,  a  component  of  the  tissues, 
it  affects  the  nerve-centers  morbidly  only  when  given  in  toxic 
doses.  In  therapeutic  doses,  especially  when  it  forms  part  of 
an  organic  compound,  phosphorus  is  building  material,  and  is 
essentially  beneficial  as  such  when  given  with  such  agents  as 
digitalis,  coca,  strychnine,  etc.,  which  activate  metabolism  and 
the  mechanism  of  nutrition,  without,  however,  as  stated  above, 
contributing  directly  to  the  body's  assets. 

IRON. 

Physiological  Action. — Iron  being  an  important  constit- 
uent of  the  blood  and  tissues,  its  effects  become  manifest  only 
when  the  quantity  available  in  the  body  is  inadequate  to  satisfy 
the  needs  of  the  functions  in  which  it  takes  part.*  The  earliest 
beneficial  influence  obtained  is  an  increase  of  general  oxygena- 
tion, and,  therefore,  of  general  metabolic  activity.  This  is  due 
to  an  incidental  stimulation  of  the  test-organ  and  adrenal  cen- 
ter by  the  iron  carried  thereto  by  the  leucocytes.*  As  iron  is 
likewise  an  active  stimulant  of  the  haematopoietic  cells  of  the 
bone-marrow,  the  red  corpuscles  are  increased  in  number  con- 
comitantly with  the  volume  of  adrenoxidase  in  the  blood.* 

The  physiological  action  of  iron  is  at  present  unknown.  The 
increase  of  general  oxygenation  has  been  noted  by  various  observers,  and 
by  some  after  the  first  dose.  Wood™  says:  "The  studies  of  Pokrow- 
sky""  have  shown  that,  in  cases  of  anaemia,  after  the  exhibition  of  iron 
the  temperature  does  rise,  even  when  in  the  beginning  it  was  not  below 
normal,  and  that  simultaneously  there  is  an  increase  in  the  daily  elimi- 
nation of  urea" — experiments  confirmed  by  Botkin  in  healthy  men. 
"The  increased  oxidation  cannot  be  due  simply  to  an  increase  in  the 
number  of  corpuscles,"  continues  Prof.  Wood,  "for  while  the  latter 
accrue  slowly,  Pokrowsky  found  that  the  temperature  sometimes  rose 
within  five  hours  after  the  exhibition  of  the  first  dose."  Von  Noorden'"^ 
also  states  that  "the  salts  circulating  in  the  blood  (medicinal  iron) 
exert  a  powerful  stimulus  upon  the  haematopoietic  cells  of  the  bone-mar- 
row, and  the  result  of  this  stimulation  is  an  improvement  of  the  blood." 

A  second  important  effect  of  iron  is  to  increase  the  propor- 
tion of  hemoglobin.  This  metal  is  the  main  component  of 
haematin,  the  coloring  constituent  of  haemoglobin  that  remains 

*  Author's  conclusion. 

'""Wood:    Loc.  cit.,  thirteenth  edition,  p.  446,  1906. 

^1  Pokrowsky:    Virchow's  Archiv,  Bd.  xxii,  S.  476,  1861. 

Noorden:    "Nothnagel's  Encyclo.,"  vol.  on  the  Blood,  p.  487,  1905. 


1248  INTERNAL  SECRETIONS  IN  PHARMACODYNAMICS. 


in  the  red  corpuscles;  it  serves  to  hold  the  albuminous  portion 

of  the  haemoglobin,  i.e.,  the  adrenoxidase,  within  these  cells, 

pending  its  distribution.*    While  the  adrenal  center  and  the 

bone-marrow  are  being  stimulated,  therefore,  as  stated  above, 

the  iron  itself  is  absorbed  by  the  red  corpuscles  to  form  hsema- 

tin,  and  this  pigment,  owing  to  its  affinity  for  adrenoxidase, 

forms  hEemoglobin — or,  rather,  oxy haemoglobin.* 

The  remarkable  way  in  wliicli  iron  increases  the  formation  of 
haemoglobin,  in  chlorosis  for  instance,  is  as  well  known  as  is  the  fact  that 
it  is  the  most  important  constituent  of  hiematin.  As  to  its  functional 
connection  with  adrenoxidase,  the  reader  is  referred  to  the  thirteenth 
chapter.  We  have  seen  that  iron  is  taken  up  mainly  from  the  duodenum 
by  leucocytes;  additional  evidence  to  this  effect  was  recently  contributed 
by  Matzner.-"'  It  is  then,  as  sho\vn  by  many  investigators,  including 
Woltering-"*  and  Macallum,^"^  deposited  in  the  liver,  where,  according  to 
Weltering,  KunkeP""  and  others,  it  undergoes  changes  that  fit  it  for  the 
formation  of  haemoglobin.  The  researches  of  Quincke,™'  W.  S.  Hall,™ 
Schmey-™  and  others  have  shown  that  besides  the  portion  converted  into 
haemoglobin,  any  excess  of  iron  was  stored  in  the  liver  itself,  the  spleen 
and  the  muscles,  particularly  the  myocardium.  I  have  submitted  in  the 
first  volume  evidence  suggesting  that  part  of  the  iron  in  the  liver  was 
carried  by  eosinophile  leucocytes  to  the  capillaries  of  the  alveoli,  where 
it  was  absorbed  by  red  corpuscles  along  with  the  albuminous  portion  of 
haemoglobin,  the  adrenoxidase. 

The  presence  of  iron  in  chromatin,  the  living  substance  of 
cells,  and  in  the  nucleo-proteid  out  of  which  it  is  built,  points 
to  a  third  important  action  when  this  metal  is  administered  to 
subjects  in  which  it  is  actually  deficient:*  being  endowed  with 
marked  catalytic  properties,  iron  probably  serves  as  a  catalytic. 
The  red  corpuscle  being  a  living  cell,  its  hsematin,  owing  to  its 
rich  iron  content,  is  its  nucleus.  The  normal  elaboration  of 
haemoglobin  is  carried  on  through  the  iron-laden  chromatin  of 
nuclei  derived  from  meats,  fruit,  vegetables,  etc.,  which  thus 
becomes  the  mother-substance  or  "hgematogen"  of  hemoglobin. 
But  once  in  the  corpuscle,  the  life  or  working  efficiency  of  its 
hsematin  (which  remains  in  the  cell)  must  be  maintained.  Its 
iron  fulfills  the  identical  role  that  the  adrenal  principle  does 
in  the  tissue-cell,  viz.,  the  albuminous  portion  of  the  hemoglo- 
bin (the  adrenoxidase),  to  which  it  is  linked,  serving  as  source 


*  Author's  conclusion. 
='«Matzner:    Die  Heilkunde,  1903. 

20*  Weltering:    Zeit.  f.  phys.  Chemie,  Bd.  xxi,  S.  186,  1896. 

Macallum:    Jour,  of  Physiol.,  vol.  xvi,  p.  268,  1894. 
20'Kunkel:    Archiv  f.  d.  ges.  Physiol.,  Bd.  Ixi,  S.  595,  1895. 
2"' Quincke:    Sajous's  "Annual  of  the  Univ.  Med.  Sci.,"  vol.  v,  a-95,  1896. 
SI'S  Hall:    Archiv  f.  Anat.  u.  Physiol.,  Physiol.  Abth.,  S.  49,  1896. 
2»»  Schmey:    Hoppe-Seyler's  Zeit.  f.  physlol.  Chemie,  Bd.  xxxix,  S.  215,  1903. 
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of  oxygen,  the  catalytic  process  continues  uninterruptedly  until 
the  corpuscle  itself  is  worn  out  and  destroyed.* 

Hammarsten  refers  to  the  now  familiar  fact  that  "the  nucleo-pro- 
teids  contain  iron,"  and  that  the  ash  of  muscle  (meat)  contains  from 
0.04  to  0.1  per  1000  parts.^'"  Iron  was  found  in  chromatin  by  Macal- 
lum,^"  in  the  chromatin  granules,  fibrils  and  nodal  points  of  the  chro- 
matin network  in  the  nuclei  of  animal  and  vegetable  cells  examined,  and 
sometimes  in  the  cytoplasm.  Molisch^*^  found  that  in  the  absence  of 
iron,  plants  fail  to  form  chlorophyll.  The  presence  of  assimilated  iron 
was  discerned  by  Macallum  even  in  the  lowest  forms  of  life,  the  protozoa. 
Bunge  had  been  led  to  conclude  that  the  chromatin  of  plants  was  the 
mother-substance  of  haemoglobin;  Macallum  reached  the  same  conclusion 
as  regards  both  animal  and  vegetable  chromatin. 

The  catalytic  property  of  iron  is  now  generally  recognized.  A. 
Eobin  and  Bardet^'^  conclude  in  this  connection  that  "all  the  researches 
of  recent  years  tend  to  demonstrate  that  soluble  oxides  and  the  metals 
themselves,  when  in  the  colloidal  state,  can  fulfill  the  part  of  ferment." 
As  the  albuminate  formed  in  the  stomach  is  a  colloid  and  the  adrenoxi- 
dase  converts  the  organic  iron  ingested  into  an  oxidase,  we  have  the 
conditions  required  for  this  purpose.*  Referring  to  the  function  of  this 
ferment,  Robin  and  Bardet  remark:  "One  should  say,  in  truth,  that 
they  are  catalytic  ferments,"  which  "borrow  from  the  left  to  deal  out 
to  the  right." 

Poisoning. — Poisoning  by  iron  ingested  by  the  mouth  is 
rendered  practically  impossible  by  the  fact  that  it  is  absorbed 
very  slowly,  the  rest  passing  out  by  the  intestinal  canal. 
Attempts  have  been  made  to  ascertain  its  toxic  effects  by 
injecting  iron  salts,  such  as  the  tartrate  of  iron  and  sodium, 
into  animals.  But  introduced  in  this  artificial  manner,  iron 
fails  to  undergo  the  preliminary  gastro-intestinal  treatment 
which  prepares  it  for  physiological  assimilation.*  The  results, 
therefore,  are  apt  to  be  misleading  and  are,  at  best,  purely  of 
academic  interest. 

Therapeutics. — Iron  is  chiefly  used  in  ancemia,  and  partic- 
ularly in  chlorosis.  As  will  be  shown  in  the  article  on  Anaemia, 
however,  it  is  indicated  in  a  limited  number  of  cases,  depres- 
sion of  the  functional  efficiency  of  the  vasomotor  and  adrenal 
centers  accounting  for  the  majority  of  instances  in  which 
pallor,  muscular  weakness,  etc.,  are  witnessed.*  In  the  cases 
of  true  anasmia,  those  due  to  food  containing  an  insufficient 
quantity  of  iron,  its  effects  are,  of  course,  striking,  as  they  are 
in  chlorosis.  This  is  readily  accounted  for  in  view  of  the  cardi- 
nal functions  this  metal  fulfils  in  the  economy. 

*  Author's  conclusion. 

=1"  Hammarsten :   Loc.  cit.,  p.  402,  1904. 

Macallum:   Loc.  cit.,  and  Rep.  of  Brit.  Assoc.  Adv.  of  Sci.,  vol.  1896. 
=i2MoIisch:    Sitz.  Wien.  Akad.,  Bd.  ciii,  Abt.  i,  S.  554,  1894. 
2"  Robin  and  Bardet:    Bull.  gen.  de  thgrap.,  Feb.  25,  1905. 
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PHOSPHORUS. 

Physiological  Action. — The  role  of  phosphorus  in  the  or- 
ganism is  of  cardinal  importance  in  view  mainly  of  its  identity 
as  a  component:  (1)  of  the  nuclein  of  all  cells,  including  the 
leucocytes;*  (2)  of  the  nucleo-proteid  granulations  which  these 
cells  secrete  into  the  tissue  cells  to  take  part  in  their  vital  inter- 
changes, and  into  the  blood,  to  sustain  (with  adrenoxidase)  its 
normal  temperature;*  (3)  of  the  thyro-parathyroid  ferment,  thy- 
roidase  ;*  (4)  of  the  myelin  of  nerves,  which,  with  the  adrenoxi- 
dase circulating  in  the  axis-cylinders  and  their  networks  in  the 
myelin,  generates  the  nerve-impulse;*  (5)  of  the  cell-bodies  of 
all  neurons  and  their  dendrites  as  chromatin,  sustaining  therein 
(with  their  oxyehromatin,  adrenoxidase)  their  vitality  and 
functional  activity,  as  it  does  in  all  other  cells;*  (6)  of  bones, 
chiefly  in  the  form  of  calcium  phosphate. 

The  human  organism  acquires  its  phosphorus  in  organic 

combination  from  animal  and  vegetable  foods,  and  it  is  in  such 

a  combination  that  phosphorus  is  absorbed.    When,  therefore, 

it  is  administered  in  an  assimilable  form  in  disorders  due 

entirely  or  partly  to  deficiency  of  this  element  in  either  or  all 

of  the  organic  bodies  enumerated  above,  it  can,  in  suitable  cases, 

restore  function. 

The  important  functions  I  ascribe  to  phosphorus  were  reviewed  in 
the  fifteenth  chapter,  to  which  the  reader  is  referred.  The  fai'-reaching 
r61e  of  this  element  in  the  organism  which  the  foregoing  statements 
indicate,  is  well  shown  by  experiments  of  Forster-'*  in  dogs,  which  led 
this  author  to  conclude  that  deprivation  of  phosphorus  proved  fatal  more 
rapidly  than  actual  starvation.  The  animals  were  fed  on  meat  from 
which  all  the  phosphorus  in  organic  combination  was  as  much  as  possi- 
ble removed  artificially.  The  animals  soon  reached  a  condition  of  ex- 
treme exhaustion.  Conversely,  Pouchet  and  Chevalier,^*  referring  to 
the  effects  of  organic  compounds  of  phosphorus,  state  that  "they  increase 
nutrition,  as  shown  by  increase  of  weight;  ameliorate  nervous  activity 
and  muscular  tonus;  increase  the  percentage  of  hsemoglobin — all  phe- 
nomena which  indicate  marked  synthetic  assimilation  under  the  influence 
of  these  compounds." 

The  therapeutic  effects  of  phosphorus  are  best  obtained  by 
administering  this  element  in  organic  combination,  the  glycero- 
phosphates for  Instance.  When  phosphorus  or  any  of  its  oxi- 
dizable  preparations  is  used,  it  becomes  oxidized  in  the  stom- 


*  Author's  conclusion. 

^"Porster:    Zeit.  f.  Biol.,  Bd.  ix,  S.  297,  1873. 

^lis  Pouchet  and  Chevalier:    Bull.  gen.  de  therap.,  Dec.  30,  1905. 
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aeh  by  the  adrenoxidase  of  the  gastric  juice,  or  in  the  intestine 
by  that  of  the  intestinal  juice.*  It  is  then  absorbed  as  hypo- 
phorous  or  phosphoric  acid,  an  inert  substance  which  the  organ- 
ism eliminates  as  a  useless  waste  along  with  the  phosphoric  acid 
derived  from  tissue  metabolism.  Hence  the  frequency  with 
which  phosphorus  proves  of  no  therapeutic  value. 

Cushny-'"  states  that  "the  fate  of  phosphorus  in  the  body  is  still 
obscure,"  but  that  "it  is  possible  that  some  of  it  is  oxidized  to  phos- 
phoric acid."  Ranvier^"  found  that  when  phosphorus  was  introduced 
under  the  skin,  the  only  result  was  arrest  of  local  nutrition.  Being 
endowed  with  intense  affinity  for  oxygen,  it  obviously  depletes  the  neigh- 
boring tissues  of  theirs  and  becomes  itself  oxidized.  Cau-"*  also  found 
that  phosphorus  was  oxidized  by  the  tissues.  The  presence  of  adrenoxi- 
dase in  the  tissue  fluids  fully  accounts  for  this,  since  it  forms  part,  as 
we  have  seen,  of  the  gastric  secretions.  The  oxidized  portion  of  what 
phosphorus  is  ingested  loses  its  toxicity,  for,  as  stated  by  Cushny,  "as 
soon  as  it  is  oxidized,  phosphorus  loses  its  specific  action,  all  the  acids 
being  comparatively  harmless."  This  has  been  emphasized  by  the  re- 
searches of  Bokay,^"  Stassano  and  Billon,^"  FrenkeF'  and  others.  The 
last-named  author  found  that,  "contrary  to  the  affirmations  of  the  par- 
tisans of  phosphoric  acid,  the  latter  is  incapable  of  assimilation  by  the 
economy,  and  is  excreted  in  its  totality." 

Untoward  Effects  and  Acute  Poisoning. — The  presence  of 
adrenoxidase  in  the  blood*  explains  many  facts  which  so  far 
have  remained  obscure.* 

If  the  dose  of  phosphorus  is  sufficiently  small,  it  may  all 
be  oxidized  and  prove  harmless.  When,  however,  the  dose  is 
large,  the  secretions  are  not  alone  deprived  of  their  oxygen,* 
but  the  cellular  elements  of  the  gastric  mucous  membrane  like- 
wise. Severe  gastric  pain,  eructations  of  gas  emitting  a  strong 
odor  of  garlic  occur,  and  the  patient  experiences  a  sensation 
of  heat  along  the  oesophagus,  with  great  thirst,  headache, 
nausea,  vomiting,  the  vomitus  being  often  luminous  in  the  dark 
— all  due  to  a  severe  gastro-adenitis  thus  excited.  Erosions 
may  involve  the  local  vascular  supply  and  entail  the  presence 
of  blood  in  the  vomited  material.  What  portion  of  the  phos- 
phorus remains  unoxidized  on  passing  down  to  the  intestine 
excites  therein  corresponding  lesions,  even  the  colon  being  in- 
volved in  the  morbid  process.    The  violent  burning  pain  in  the 

*  Author's  conclusion. 

Cushny:    Loc.  cit.,  fourth  edition,  p.  601,  1906. 
2"  Ranvier:    Cited  by  Manquat:    Loc.  cit.,  vol.  i,  p.  969. 

Cau:    These  de  Paris,  1901. 

Bokay:    Zeit.  f.  physiol.  Chem.,  Bd.  i,  S.  157,  1877-78. 

Stassano  and  Billon:    C.  r.  de  la  Soc.  de  bid.,  T.  Iv.,  p.  482,  1903. 

Prenkel:   Le  progrSs  med..  Mar.  3,  1906. 
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epigastrium  gradually  extends  throughout  the  entire  abdomen; 
diarrhoea  develops  rapidly  into  violent  purging,  the  dejecta  like- 
wise being  phosphorescent  in  the  dark,  and  sometimes  bloody. 
At  times  the  local  inflammatory  process  is  so  severe  that  reflex 
excitation  of  the  intestinal  glandular  elements  and  muscles  dan 
no  longer  occur  and  constipation  results. 

The  well-known  gastric  lesions  are  duplicated  in  the  intestinal 
canal.  Plavec--  found  experimentally  in  dogs  that  phosphorus  caused 
hsemorrhagic  injection  of  the  duodenal  mucous  membrane,  and  in  some 
instances  ulceration.  In  an  acute  case  reported  by  Newey,'-'^  the 
stomach,  which  contained  eight  ounces  (250  gms.)  of  blood,  showed  areas 
of  softening  and  ulceration.  The  entire  intestine  presented  correspond- 
ing signs,  the  transverse  colon  being  intensely  inflamed.  The  vascular 
engorgement  observed  even  in  acute  cases  is  not  due  to  the  local  action 
of  the  poison  alone,  however,  as  is  shown  below. 

Death  may  occur  suddenly  during  this,  the  acute  stage,  but 
it  is  due  to  a  cause  differing  entirely  from  that  which  entails  a 
fatal  issue  when  the  case  is  prolonged,  namely,  reflex  inhibi- 
tion of  the  heart,*  by  excessive  (sympathetic)  constriction  of 
its  arterioles.*  This  organ  becomes  suddenly  very  weak,  the 
pulse  likewise;  the  pupils  are  widely  dilated,  and  coma  and 
death  soon  follow. 

Wood--'  states  that  "in  the  very  acute  cases  of  phosphorus-poison- 
ing a  primary  condition  of  pronounced  cardiac  weakness,  passing  into 
paralysis,  may  be  present."  Witherstine'^^  refers  to  a  case  in  which 
death  occurred  in  half  an  hour.  Chtchebrak-""  found  that  the  first 
action  of  the  drug  was  to  increase  the  rapidity  of  the  circulation  and  to 
raise  the  blood-pressure,  this  being  immediately  succeeded  by  a  decline 
of  vascular  tension.  As  inhibition  of  the  heart  is  due  to  excessive  vaso- 
constriction of  its  arterioles,*  the  preliminary  rise  of  blood-pressure 
indicates  how  phosphorus  can  provoke  cardiac  paralysis. 

In  the  majority  of  cases,  the  symptoms,  after  a  period  of 
acute  suffering,  lasting  from  a  few  hours  to  two  days,  abate,  and 
recovery  apparently  occurs.  After  one  or  more  days  of  rela- 
tive comfort,  however,  the  acute  symptoms  reappear.  But 
now  the  pain  extends  to  the  liver,  which  organ  may  be  found 
to  be  enlarged,  and  the  vomiting  often  contains  "coffee-ground" 
material,  i.e.,  altered  blood.  The  stools,  if  diarrhoea  prevails, 
are  occasionally  bloody  and  are  apt  to  be  clay-colored,  the  lat- 
ter fact  indicating  the  absence  of  bile.    Neither  the  vomited 


*  Author's  conclusion. 
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material  nor  the  stools  are  phosphorescent  at  this  stage — evi- 
dence to  the  eflEect  that  the  greater  part,  at  least,  of  the  phos- 
phorus (the  unoxidized  remnants)  has  been  gradually  absorbed 
into  the  circulation,  and  that  the  dejecta  now  contain  only- 
phosphorus  oxides. 

As  previously  stated,  a  portion  of  the  phosphorus  is  oxidized  in 
the  alimentary  canal  by  the  oxidizing  substance  of  its  secretions.  "It 
has  of  late  years  been  demonstrated,"  says  Wood,-''  "that  phosphorus 
passes  into  the  blood  as  phosphorus,  and  not  in  the  form  of  phosphoric 
acid  or  other  compound."  Wegner,-*'  Husemann  and  Marmer,  Dybkow- 
sky-"  and  others  have  found  phosphorus  not  only  in  the  blood  and  liver, 
but  also  in  practically  all  tissues.  On  the  other  hand,  Poulet-'"  has 
ascertained  that  it  was  eliminated  as  hypophosphoric  acid,  while  San- 
tesson  and  Malmgren-'*'  observed  after  administering  large  doses  of  phos- 
phorus sesqui-sulphide  to  rabbits,  a  remarkable  excess  in  the  output  not 
only  of  nitrogen,  sulphates  and  ammonia,  but  also  of  phosphoric  acid. 

The  recurrence  of  acute  symptoms  marks  the  beginning  of 
the  so-called  "subacute"  stage,  a  time  when  the  blood's  func- 
tional activity  has  become  impaired  mainly  by  active  haemo- 
lysis.* This  is  due  to  the  fact  that  the  phosphorus-laden 
nucleo-proteid  of  the  plasma  is  supplemented  by  the  phos- 
phorus absorbed  from  the  alimentary  canal.*  The  simultane- 
ous presence  of  an  excessive  proportion  of  phosphorus  and 
adrenoxidase  in  the  blood-plasma,  by  liberating  heat-energy  to 
an  unusual  degree,  correspondingly  enhances  the  proteolytic 
activity  of  the  blood's  trypsin,  and  haemolysis,  i.e.,  destruction 
of  the  red  corpuscles,  occurs.*  As  an  inordinate  proportion  of 
adrenoxidase  is  utilized  in  the  process  and  the  coagulating  prop- 
erties of  the  blood  are  due  to  this  substance  (which  is,  we  have 
seen,  the  "fibrin  ferment"),  the  blood  itself  loses  its  coagulat- 
ing properties.*  It  becomes  unduly  fluid,  and,  passing  readily 
through  the  capillary  walls,  ecchymoses  occur  in  various  parts 
of  the  body,  besides,  in  many  instance,  hjemorrhages  from  the 
nose,  uterus,  in  the  retina,  and  occasionally  gangrene.  The 
normal  result  of  such  a  condition  of  the  blood  soon  shows  itself, 
i.e.,  great  weakness,  collapse,  and  death  by  cardiac  failure — 
often  preceded  by  convulsions  caused  by  the  accumulation  of 

*  Author's  conclusion. 
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toxic  wastes  which  the  deficiency  of  adrenoxidase  in  the  blood 
entails.* 

Corin  and  Ansiaux^^  ascertained  that  "fluidity  of  the  blood  is 
found  only  in  cases  of  phosphorus-poisoning  which  have  followed  a  sub- 
acute course."  When  introduced  into  the  blood-stream,  phosphorus  is 
independent  therein  of  the  synthesis  of  nucleins,  for  Rohmantf'^  found 
that  inorganic  phosphorus  compounds  were  hardly  used  at  all.  It  is, 
therefore,  as  surplus  to  the  nucleo-proteid's  phosphorus  that  it  occurs  in 
the  blood — the  aggregate  thus  becoming  pathogenic  by  increasing,  with 
the  adrenoxidase,  general  metabolism.  That  this  actually  occurs  is 
shown  by  the  fact  that  there  is,  as  stated  by  Cushny,*^*  "a  very  consider- 
able increase  in  the  nitrogen"  during  this  stage,  "even  although  the 
patient  continues  to  fast."  That  red  corpuscles  are  destroyed  during 
this  process  has  been  emphasized  by  the  investigations  of  VogeP'*  in  birds; 
the  haemolysis  began  the  second  day,  and  by  the  sixth  the  comparative 
blood-count  showed  that  one-half  of  the  red  corpuscles  had  been  de- 
stroyed. Similar  experiments  in  mammals  (dogs)  by  d'Amore  and  Fal- 
cone^" gave  similar  results.  Wood-*'  refers  to  Concato  as  having  shown 
that  the  red  corpuscles  were  "diminished  in  size  and  altered  in  form" — 
proof  that  they  were  undergoing  destructive  metamorphosis. 

The  fluidity  of  the  blood  is  evidently  a  feature  of  the  subacute 
stage.  Cevidalli^'^  found  that  in  order  to  render  the  blood  uncoagulable 
in  dogs,  phosphorus  had  to  be  injected  from  five  to  ten  days.  Again,  it 
is  undoubtedly  to  the  destruction  of  adrenoxidase  (the  fibrin  ferment) 
that  the  fluidity  of  the  blood  is  due.  Cevidalli  also  observed  a  "gradual 
diminution  and  disappearance  of  the  coagulating  ferment."  The  lethal 
phenomena  are  obviously,  under  these  conditions,  due  to  the  same  cause: 
Cushny,^''  referring  to  Araki,^*"  remarks:  "In  the  statement  that  lack 
of  oxygen  plays  a  part  in  phosphorus-poisoning,  he  only  confirms  the 
impression  of  many  earlier  writers." 

A  striking  symptom  of  the  subacute  stage  is  jaundice,  first 
of  the  conjunctivae,  then  of  the  whole  body,  which  may  appear 
from  thirty-six  hours  to  several  days  after  ingestion  of  the 
poison.  This  is  the  result  of  several  factors.  The  phosphorus 
from  the  alimentary  canal  having  first  to  pass  through  the  liver, 
it  provokes  therein  a  process  identical  to  that  in  the  blood; 
here,  however,  the  red  corpuscles  are  not  alone  attacked,  but 
the  hepatic  structures  per  se  likewise,  and  necrotic  foci  are 
formed  in  various  parts  of  the  organ.*  Hence  the  fact  that  it 
becomes  enlarged  and  painful.  At  first  the  activity  of  the 
liver-cells  is  greatly  enhanced,  as  shown  by  a  marked  increase 
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in  the  pigment  excreted — "pigment,"  meaning  here  bilirubin 
and  hsematoidin,  both  of  which,  we  have  seen,  are  reduced 
adrenoxidase.*  Finally,  the  bile  thickens,  owing  to  the  pre- 
sence therein  of  its  usual  constituents,  and  also  of  cellular 
detritus,  broken-down  corpuscles,  etc. — all  of  which  contribute 
to  block  the  biliary  passages.    Jaundice  appears  at  this  time. 

By  "jaundice"  here  is  meant  a  condition  due  to  the  resorp- 
tion into  the  general  circulation  of  reduced  adrenoxidase  that 
should  have  passed  out  with  the  bile.*  On  reaching  the  skin, 
this  substance,  by  a  process  similar  to  that  which  prevails  in 
the  pathogenesis  of  bronzing,  gives  it  its  yellow  hue — an  early 
stage  of  melanosis.*  The  reduced  adrenoxidase  is  at  the  time, 
and  even  before,  found  in  the  urine  as  "bilirubin"  or  "hgema- 
toidin." 

That  destruction  of  the  hepatic  tissues  is  due  to  the  action  of  some 
autolytic  ferment  has  been  suggested  by  Jacoby.-*"-  He  also  noted  the 
disappearance  of  fibrinogen  from  the  hepatic  blood;  this  substance,  we 
have  seen,  is  composed  of  nucleo-proteid  fibrinogen  proper  and  adrenoxi- 
dase (fibrin  ferment).  The  destructive  process  in  the  liver  is  a  familiar 
pathological  fact.  Podwyssotsky^*-  found  necrotic  foci  in  this  organ. 
West"^  found  the  hepatic  cellular  elements  converted  into  a  fine  granular 
detritus  amidst  which  the  nuclei  could  hardly  be  detected.  Cushny''" 
states  that  "the  jaundice  may  also  be  accounted  for  in  part  by  the 
destruction  of  the  red  cells  of  the  blood  and  consequent  increase  of  pig- 
ment formation  in  the  liver."  The  intra-corpuscular  constituent  of 
hsemoglobin  (which  only  leaves  them  under  abnormal  conditions,  one  of 
which  is  when  the  corpuscles  are  broken  up)  is,  we  have  seen,  haematin. 
Wood-"  states  that  "hsematin  crystals  are  occasionally  found  in  the  vis- 
cera." Demarbaix  and  Wilmart,-**  moreover,  found  hsematoidin  (adren- 
oxidase) in  the  urine.  The  sequence  of  events  given  above  was  traced 
in  dogs  with  great  assiduity  by  Stadelmann.^' 

The  engorgement  of  the  biliary  passages,  besides  deflect- 
ing into  the  hepatic  veins  what  reduced  adrenoxidase  should 
have  passed  out  with  the  bile,  thus  causing  its  return  to  the 
blood-stream,*  simultaneously  provokes  engorgement  of  the 
entire  vascular  system.  The  vessels,  whose  walls  tend  already 
to  dilate  owing  to  the  lowered  metabolism  in  their  muscular 
walls  incident  upon  the  haemolysis  and  deficiency  of  adrenoxi- 
dase in  the  blood  per  se,  are  thus  submitted  to  centrifugal  pres- 

*  Author's  conclusion. 

^  Jacoby:    Zeit.  f.  physiol.  Chem.,  Bd.  xxx,  S.  174,  1900. 

Podwyssotzky :    St.  Petersburg  med.  Woch.,  Bd.  xiii,  S.  211,  1888. 
2"  West:    Lancet,  Feb.  4,  1893. 
i^Cushny:   Loc.  cit..  fourth  edition,  p.  598,  1906. 

Wood:    Loc.  cit.,  thirteenth  edition,  p.  464,  1906. 

Demarbaix  and  Wilmart:    Presse  med.,  vol.  xxi,  p.  25,  1869. 

Stadelmann :   Archiv  f.  exp.  Path.  u.  Pharm.,  Bd.  xxiv,  S.  270,  1888. 


1256  INTERNAL  SECRETIONS  IN  PHARMACODYNAMICS. 

sure  and  still  further  dilated.*  The  cerebral  vascular  system, 
including  its  cellular  elements,  becoming  hyperasmic,*  head- 
ache, restless  and  dreamy  sleep  or  wakefulness  are  complained 
of.  If  the  cerebral  congestion  becomes  very  great,*  wild 
delirium  may  occur.  A  similar  condition  of  the  spinal  sys- 
tem* may  evoke  disorders  of  sensation,  particularly  of  the  tem- 
perature sense,  hyperalgesia,  pains  suggesting  neuritis,  mus- 
cular twitchings,  localized  spasms  or  even  general  convulsions, 
the  latter  being  often  the  precursors  of  death. 

In  cases  that  recover,  the  phosphorus  available  in  the  intes- 
tine has  finally  been  either  oxidized,  eliminated  or  absorbed; 
the  destruction  of  red  corpuscles  and  hepatic  cellular  elements 
then  ceases.  The  bile  gradually  losing  its  viscidity,  the  accum- 
ulated detritus  is  voided  into  the  intestine  and  eliminated ;  and 
the  skin  "pigment"  being  absorbed,  relatively  normal  condi- 
tions are  restored,  though  the  patches  of  destroyed  tissue  in 
the  stomach  and  liver  may  become  the  seat  of  interstitial  con- 
nective-tissue proliferation.  In  the  liver,  this  may  assume  the 
type  of  a  true  cirrhosis  with  atrophy  of  the  organ.  Digestive 
and  nervous  disorders  often  persist  some  time  after  recovery. 

A  striking  feature  of  the  morbid  process  is  the  presence 
of  fatty  degeneration  in  all  organs,  including  the  smallest 
arterioles  of  the  spinal  cord.  The  so-called  "fat"  here  is  a  mix- 
ture of  blood-constituents,  fibrin,  nucleo-proteid,  etc.,  formed 
when  the  supply  of  adrenoxidase  is  inadequate  to  maintain  the 
temperature  and  fluidity  of  the  blood.*  It  is  a  post-mortem 
phenomenon  corresponding  in  a  measure  with  that  of  myosin 
formation.* 

That  the  blood-pressure  is  lowered  has  been  observed  by  a  number 
of  investigators.  Schiff^*  years  ago  noted  that  the  arteries  were  so 
widely  dilated  after  death  from  phosphorus-poisoning,  that  the  veins 
were  comparatively  empty.  Pal""  ascribed  this  vasodilation,  not  to  the 
weakened  cardiac  power,  but  to  dilation  of  the  vessels  themselves.  Cor- 
nil  and  Brault^°°  ascribe  the  lesions  found  in  the  interstitial  process  in 
the  vascular  walls  and  the  organs  in  general  to  a  sui  generis  fatty  pro- 
cess, i.e.,  one  preceded  by  no  inflammation,  and  beginning  six  or  seven 
hours  after  the  ingestion  of  the  poison  and  terminating  four  to  seven 
days  thereafter.  Vollbracht,'"  in  accord  with  these  observations,  found 
the  vascular  walls  degenerated  and  associated  with  gangrene  of  both 
extremities. 


*  Author's  conclusion. 
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The  "fatty  degeneration"  of  phosphorus-poisoning  is  due,  as  else- 
where, to  a  deficiency  of  adrenoxidase.*  After  referring  to  the  older 
view,  that  lessened  oxidation  of  proteid  fats  explained  fatty  degenera- 
tion, as  inconsistent  with  known  facts,  Cushny^-  remarks:  "Lessened 
oxidation  and  fatty  degeneration  occur  together  under  so  many  condi- 
tions, however,  that  there  must  almost  certainly  be  a  causal  relation 
between  them,  though  it  is  impossible  to  state  at  present  its  exact 
nature." 

Chronic  Phosphorus  Poisoning'.  —  This  form  of  poison- 
ing, observed  usually  among  persons  employed  in  the  manufac- 
ture of  white  sulphur  matches,  differs  from  the  acute  form  in 
that  the  quantity  inhaled  at  a  given  time  is  inadequate  to  pro- 
voke acute  phenomena.  The  continued  absorption  from  the 
respiratory  surfaces,  however,  finally  gives  rise  to  practically 
all  the  symptoms  already  enumerated,  the  most  common  of 
which  are  weakness,  abdominal  pains,  anorexia,  a  garlicky 
breath,  gastric  disorders,  diarrhoea  or  obstinate  congestion,  a 
subicteric  color  of  the  skin,  wasting,  etc.  These  cases  differ 
from  those  of  the  acute  type,  in  that  they  suffer  from  necrosis 
of  the  lower  jaw.  This  condition  has  been  found  to  be  the 
result  of  penetration  of  phosphorus-fumes  to  this  bone  through 
the  intermediary  of  carious  teeth.  This  process  is  readily 
explained  when  the  fact  that  bony  tissues  are  dependent,  like 
all  others,  upon  adrenoxidase  for  their  oxygen,  is  taken  into 
account:  the  nutrient  plasma  of  the  bone  being  deprived  of 
its  oxygen  by  the  phosphorus,  which  has  a  greater  affinity  for 
it  than  the  bone  itself,  the  latter,  no  longer  nourished,  dies.* 

Wegner-^^  found  that  rabbits  kept  in  phosphorus-fumes  suffered  in 
no  way  from  necrosis  if  their  teeth  were  sound,  but  that  injuries  in 
which  the  jaw-bone  could  be  reached  by  the  fumes  were  followed  by 
periostitis  and  necrosis.  Magitot"*  observed  that  phosphorus-workers 
supplied  with  perfect  teeth  were  free  from  necrosis  even  after  years' 
employment  at  this  occupation,  while  all  those  who  had  bad  teeth  suf- 
fered from  necrosis. 

The  treatment  of  phosphorus  poisoning  is  described  in  a 
special  section  at  the  end  of  this  volume. 

Therapeutics. — The  physiological  function  I  have  ascribed 
to  phosphorus  in  the  tissue-cells  (including  nerve-cells)  and 
blood,  viz.,  to  liberate  heat-energy  by  combining  with  oxygen 
of  the  adrenoxidase,*  places  this  element  among  our  chief  re- 
sources as  a  therapeutic  agent,  since  it  constitutes  one  of  the 

*  Author's  conclusion. 
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pillars  of  the  vital  process  itself.*  By  the  use  of  strychnine, 
digitalis,  coca,  etc.,  we  greatly  stimulate  functional  activity, 
but  the  judicious  adjunction  to  them  of  substances  which 
actually  take  part  in  function,  such  as  phosphorus,  iron, 
appropriate  foods,  etc.,  we  supply  besides,  the  building  material.* 
It  is  as  such  that  phosphorus  is  especially  beneficial  in  neuras- 
thenia due  to  overwork,  anxiety,  mental  strain  and  sexual  ex- 
cesses. Here,  it  actually  replaces  missing  materials.*  In  anoB- 
mia,  the  addition  of  phosphorus  to  iron  will  render  the  latter 
effective  where  before  it  was  useless,  because  the  improvement  of 
the  oxygenizing  power  of  the  blood  requires  a  corresponding  in- 
crease of  available  nuclein.*  In  impaired  nutrition  following 
exhausting  diseases,  such  as  influenza,  typhoid,  typhus,  intermit- 
tent fevers,  etc.,  the  same  indication  prevails.  This  applies 
likewise  to  debility  following  prolonged  lactation,  overworh, 
sliock,  sorrow,  etc.  In  the  disorders  which  are  thought  to  be 
normal  results  of  old  age,  such  as  loss  of  memory,  mental  torpor, 
insomnia,  etc.,  an  inadequate  supply  of  phosphorus,  iron  and 
iodine,  is  the  pathogenic  factor,  and  these  agents  will  often  serve 
to  prolong  a  useful  life.  In  the  depraved  condition  to  which 
morphinomania  and  chronic  alcoholism  finally  drive  the  pa- 
tient, the  judicious  use  of  phosphorus  after  cessation  of  the 
habit  is  conquered,  not  only  hastens  recovery,  but  tends  to  pre- 
vent its  recurrence  by  enhancing  the  nutrition  and  conductivity 
of  all  nerves.*  Finally,  the  value  of  phosphorus  in  ricJcets  and 
osteomalacia  is  generally  recognized. 


*  Author's  conclusion. 
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THE  INTEENAL  SECEETIONS  IN  THEIE  EELATION 
TO  PHAEMACODYNAMICS  {Continued). 

THE  SYMPATHETIC  CENTER  AS  THE  SLEEP  CENTER. 

Bradbury,  in  his  Croonian  Lecture/  stated  eight  years  ago, 
that  "notwithstanding  the  brilliant  and  laborious  researches 
of  physiologists  and  neurologists  during  recent  years,  the  phe- 
nomenon of  sleep  is  still  enveloped  in  mystery" — a  conclusion 
which  is  still  applicable.  The  reason  for  this  is  plain  in  view 
of  the  fact  pointed  out  by  myself  in  the  first  volume,  that  this 
function  is  intimately  connected  with  the  circulation  of  oxidiz- 
ing substance  (adrenoxidase)  in  the  neurons  and  their  dendrites, 
that  sleep  is  due  to  a  diminution  of  this  substance  in  these  ele- 
ments, and  that  the  adrenal  system  is  intimately  connected 
with  this  process.  To  overlook  this  intrinsic  nervous  circula- 
tion and  the  ductless  glands  in  this  connection  is  to  perpetuate 
the  "mystery"  to  which  Bradbury  refers.  And  this  applies  not 
only  to  the  mechanism  of  sleep,  but  also  to  a  widespread  source 
of  suffering,  insomnia,  and,  moreover,  to  the  action  of  hypnotics 
and  anaesthetics. 

A  diminution  of  adrenoxidase  in  the  nervous  elements 
referred  to  entails  a  corresponding  reduction  of  metabolic 
activity  and  other  phenomena  connected  therewith.  HowelP 
wrote  recently :  "The  central  and  most  important  fact  of  sleep 
is  the  partial  or  complete  loss  of  consciousness,  and  this  phe- 
nomenon may  be  referred  directly  to  a  lessened  metabolic  activity 
in  the  brain  tissue,  presumably  in  the  cortex  cerebri."  Again, 
"the  physiological  oxidations  are  also  decreased,  as  shown  by 
the  diminished  output  of  carbon  dioxide."  A  fall  of  blood- 
pressure  is  also  present,  as  shown  by  TarchanofE*  in  dogs  and 
by  Brush  and  Fayerweather*  in  man. 


1  Bradbury:    Lancet,  June  24,  1899. 

2  Howell:    "T.  B.  of  Physiol.,"  p.  238,  1905. 

s  Tarchanoff :   Arch.  ital.  de  bid.,  vol.  xxi,  p.  318,  1894. 

*  Brush  and  Fayerweather:   Amer.  Jour,  of  Physiol.,  vol.  v,  p.  199,  1901. 
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The  manner  in  which  hypometabolism  produces  sleep  and 
the  process  through  which  lowered  oxygenation  of  the  cortex 
is  produced  are  left  unexplained  by  the  prevailing  interpre- 
tations. In  the  first  volume,  I  filled  both  these  gaps.  In  the 
first  place,  I  showed  that  the  adrenoxidase-laden  plasma  which 
circulates  in  all  parts  of  the  neuron  sustained  the  vital  pro- 
cess in  this  organ  as  it  does  in  all  cells,^  and  submitted  the  con- 
clusion® that  the  thornlike  processes  which  project  from  the 
dendrites''  and  other  parts  of  a  neuron,  i.e.,  the  gemmules,  were 
"peripheral  extensions  of  the  dendritic  walls  having  for  their 
purpose  to  increase,  when  erects  the  area  of  myelin  exposed  to 
the  action  of  the  oxidizing  substance  [adrenoxidase]  of  the 
plasma,  and  thus  to  render  the  dendrite  functionally  active,  i.e., 
able  to  transmit  or  receive  nervous  impulses;"  and  also  that 
when  the  gemmules  are  retracted  or  collapsed,  "functional 
activity  is  in  abeyance,  as  during  sleep,  anaesthesia,  etc."  Addi- 
tional evidence  has  been  submitted  in  the  present  volume  as  to 
the  role  of  adrenoxidase  and  myelin  in  all  nerve-cells,  and  to 
the  effect  that  they  jointly  liberated  nerve-energy,  i.e.,  the 
impulse.  The  manner  in  which  sleep  follows  thus  becomes 
plain :  the  intrinsic  metabolism  of  all  nervous  elements,  includ- 
ing those  of  the  cortex,  is  itself  reduced. 

The  introduction  of  adrenoxidase  and  myelin  as  the  joint 
source  of  functional  activity  harmonizes  with  a  theory  to 
which  Bradbury  refers  as  follows:  "The  most  fascinating  of 
them  all  is  what  Duval  has  termed  the  histological  theory  of 
sleep :  This  seems  to  have  been  propounded  in  its  most  rudi- 
mentary state  by  Eabl-Eiickhard,  who  suggested  that  an  as- 
sumed amoeboid  motion  of  the  neurons,  and  especially  the 
dendritic  processes,  would  account  for  various  psychological 
phenomena.  Thus  sleep  might  be  explained  by  a  retraction  of 
these  processes  and  consequent  inability  of  nervous  impulses  to 
pass  from  one  neuron  to  another.  The  same  theory  was  elabor- 
ated independently  by  Lepine  and  Duval.  Lepine  thinks  this 
isolation  of  the  individual  neurons  may  be  due  to  some  chemi- 
cal modification  of  the  cellular  protoplasm,  and  he  also  states 
that  the  theory  explains  the  extraordinary  suddenness  with 

B  Cf.  vol.  i.  pp.  518  to  590  incl. 

«  Of.  vol.  i,  p.  577. 

'  Cf.  vol.  i,  plate  opposite  p.  550. 
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which  a  state  of  wakefulness  passes  into  one  of  sleep.  Duval 
goes  so  far  as  to  explain  the  action  of  medicaments  on  this 
theory,  and  he  draws  comparisons  between  the  action  of  drugs 
on  the  terminal  dendritic  processes  and  the  effect  of  curare  on 
motor  nerve-endings.  This  is  surely  hypothetical"  ....  quite 
as  much  so,  I  would  add,  as  the  assumed  action  of  curare 
(administered  internally)  on  nerve-endings,  as  emphasized  in 
the  preceding  chapter. 

The  manner  in  which  adrenoxidase  and  myelin  take  part 
in  the  transmission  of  impulses  from  neuron  to  neuron,  sug- 
gests itself  when  the  effect  of  intrinsic  metabolic  activity  on 
its  gemmules  is  taken  into  account.  Eamon  y  Cajal,*  who 
states  that  the  dendrites  are  covered  with  a  "protective  sheath 
of  great  tenuity"  (which  I  assimilate  to  the  myelin  sheath 
of  nerves,  and  a  factor  in  the  elaboration  of  nervous  energy  as 
stated  above),  advanced  the  view  that  impulses  were  trans- 
mitted by  the  gemmules  which  project  through  this  sheath. 
As  previously  stated,  however,  and  for  reasons  submitted  in 
the  first  volume,  I  ascribe  a  different  function  to  these  thorn- 
like projections,  viz.,  to  extend  the  area  of  myelin  exposed  to 
the  action  of  adrenoxidase  and  local  metabolic  activity.  The 
structures  which  I  regard  as  intermediaries  for  the  transmis- 
sion of  impulses,  afferent  or  efferent,  are  the  tips  of  the  den- 
drites and  the  branches  (and  collaterals)  given  off  by  the  axons 
or  axis-cylinders  of  neurons,  to  which  Berkley"  refers  as  a 
"iDulbous  ending  situated  upon  the  extremity  of  the  finest 
branches  of  the  nerve-fibers."  Since  he  says  of  the  latter : 
"The  researches  of  Flechsig,  as  well  as  my  own,  have  shown 
that  these  fine  branches  are  furnished  with  a  thin  layer  of 
myelin  nearly  to  their  termination,"  and  as  they  likewise  take 
methylene  blue  and  other  stains  showing  the  presence  of  adren- 
oxidase, the  bulbous  tips  referred  to  are,  as  well  as  those  of 
the  dendrites  and  their  thorns  or  gemmules,  subject  to  erec- 
tion during  activity  as  distinguished  from  rest,  i.e.,  sleep. 

Now,  whether  with  Cajal  we  regard  the  gemmules  as  the 
structures  which  receive  impulses  from  these  bulblike  axon  ter- 
minals, or  with  Berkley,  that  the  latter  transfer  them  to  the 


8  Ramon  y  Cajal:    Cited  by  Bradbury:   Loc.  cit. 

*  Berkley:   Johns  Hopkins  Hosp.  Reports,  vol.  vi,  p.  89,  1897. 
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dendrites  between  the  gemmules,  or  with  me,  that  the  bulbous 
tips  of  the  dendrites  (as  in  nerve-terminals  in  the  Pacinian  cor- 
puscles, in  the  end-bulb  of  Krause,  etc.)  receive  the  impulses 
from  the  knobbed  axon-terminals  or  offshoots  from  dendrites, 
the  mechanism  of  transmission  is  the  same,  provided  another 
conclusion  embodied  in  the  first  volume  (in  accord  with  Berk- 
ley's previous  observation)  be  accepted,  namely:  that  these 
end-organs  do  not  actually  touch  each  other,  as  believed  by 
some,  but  that  they  are  separated  by^"  an  infinitesimal  distance. 
Now,  as  I  interpret  the  process,  during  active  metabolism,  i.e., 
during  waking  hours,  this  infinitesimal  distance  is  preserved, 
because  both  dendritic  and  axonal  terminals  are  erect.  The 
functions  of  the  brain  are  active,  owing  to  the  ability  of  these 
terminals  to  touch  and  separate  with  great  rapidity,  i.e.,  to 
vibrate  rhythmically  according  to  the  nature  of  the  stimulus 
transmitted,  whether  it  be  connected  with  motility,  sensibility 
or  thought.  Conversely,  during  lowered  metabolism  the  bul- 
bous terminals  recede  and  are  then  separated  sufficiently  to 
prevent  vibratory  contact  and  inhibit  function.  Motility,  sen- 
sibility and  thought  are  then  in  abeyance,  i.e.,  in  the  state  of 
rest  or  sleep. 

Thus  it  is  that  lowered  metabolism  can,  in  the  light  of  my 
views,  produce  sleep. 

Another  factor  is  required  in  this  connection,  however,  to 
account  for  the  mechanical  erection  of  the  gemmules  and  the 
bulbous  tips,  namely,  an  increase  of  blood-pressure.  The  anag- 
mia  of  the  cerebral  structures  observed  in  exposed  areas  and 
other  facts  have  caused  Howell"  to  suggest  a  theory  which  has 
deservedly  received  considerable  attention,  the  "vasomotor" 
theory.  The  reduction  of  blood  affords  the  necessary  factor  for 
the  recession  of  the  bulbous  tips  during  sleep,  and  their  erec- 
tion during  wakefulness.  While  he  explains  this  phenomenon 
by  variations  in  the  cutaneous  circulation,  Leonard  HilP^  ac- 
counts for  it  by  dilation  of  the  vessels  of  the  splanchnic  area, 
a  condition  which,  we  have  now  seen  repeatedly,  causes  reces- 
sion of  blood  from  the  periphery — and  from  the  brain,  accord- 


i»  Cf.  vol.  i,  p.  579. 

11  Howell:    Jour,  of  Exper.  Med.,  vol.  ii,  No.  3,  1897. 

12  Leonard  Hill:  "The  Physiol,  and  Pathol,  of  the  Cerebral  Circulation," 
London,  1896. 
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ing  to  Hill.  The  manner  in  which  this  vasodilation  is  brought 
about,  however,  is  left  obscure  by  these  investigators.  And  yet, 
a  fully  established  factor  of  the  problem  clearly  accounts  for  it, 
viz.,  lessened  metabolic  activity,  which,  as  previously  stated, 
affects  the  cardiac  muscle  and  the  vascular  muscle  fibers,  two 
conditions  which  entail  vascular  relaxation. 

That  this  brings  the  original  cause  of  sleep  down  to  the 
organs  which  regulate  metabolism  is  self-evident.  In  the  first 
volume,  I  ascribed^^  retraction  of  the  gemmules  to  "suprarenal 
insufficiency."  By  stating^*  therein  that  "when  the  gemmules 
are  retracted  or  collapsed,  functional  activity  is  in  abeyance  as 
during  sleep  I  indicated  that  sleep  was  to  be  ascribed 

primarily  to  a  deficiency  of  adrenal  secretion,  i.e.,  of  adren- 
oxidase.  This  relegates  us  to  the  adrenal  center  in  the  pitu- 
itary body. 

Salmon  has  recently^''  suggested  that  the  internal  secre- 
tion of  the  pituitary  body  produces  sleep.  All  the  evidence 
extant  indicates,  however,  that  this  organ  enhances  oxidation; 
it  fails,  therefore,  to  support  such  a  theory.  Again,  I  have 
called  attention  to  the  fact  that  in  the  higher  vertebrates  the 
pituitary  body  was  not  a  secretory  organ,  its  secretory  functions 
having  been  taken  up  by  its  offshoots,  the  adrenals. 

Quite  in  keeping  with  the  prevailing  knowledge  concern- 
ing the  role  of  hypometabolism  in  sleep,  and  my  own  view  that 
depression  (and  not  overactivity,  as  Salmon  believes)  of  the 
functions  of  the  adrenal  center,  is  the  important  fact  pointed  out 
by  Lorand,^®  that  degeneration  of  the  thyroid  gland  causes  a 
tendency  to  sleep.  He  observed  that  dogs  deprived  of  their 
thyroid  slept  almost  all  the  time,  that  the  loudest  noises  failed 
to  awake  them,  and  adduces  other  facts  in  support  of  his 
opinion.  Eecalling  the  researches  of  Magnus  Levy,  Thiele, 
Nehring  and  others  to  the  effect  that  the  thyroid  gland  regu- 
lates metabolism,  Lorand  ascribes  the  influence  of  degenera- 
tion of  this  organ  on  sleep  to  a  corresponding  depression  of 
general  metabolism.  The  manner  in  which  this  process  is  car- 
ried out  is  fully  explained  by  the  functions  I  had  attributed  to 


"  Cf.  vol.  i,  p.  520. 
"Of.  vol.  i,  p.  578. 

1^  Salmon:  Trans.  15th  Congress  of  Intern.  Med.,  Genoa,  Oct.,  1905. 
1*  Lorand:   Verhandl.  d.  Congr.  Innere  Med.,  Bd.  xxli,  S.  395,  1905. 
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the  thyroid  secretion  in  the  first  volume,  viz.,  to  stimulate  the 
adrenal  center  of  the  pituitary  body,  and  through  it  the 
adrenals,  whose  secretion  becomes  converted  into  adrenoxidase 
in  the  lungs.  It  is  plain  that  under  these  conditions  and  as 
Lorand  has  shown,  any  degenerative  disorder  of  the  thyroid 
should  depress  the  adrenal  center,  inhibit  the  formation  of 
adrenoxidase  and  metabolism,  and  provoke  sleep. 

Interpreted  from  my  standpoint,  however,  this  does  not 
represent  the  process  which  prevails  in  normal  or  physiological 
sleep.  It  is  sleep  due  to  a  pathological  condition.  The  thyroid, 
as  a  gland,  can  not  be  a  governing  organ :  as  is  the  case  with 
the  adrenals  and  all  other  glands,  its  secretory  activity  is  regu- 
lated by  a  nerve-center. 

In  a  preceding  chapter^'^  I  pointed  out  that  it  was  by  inhib- 
iting the  functions  of  the  pituitary  body  and  of  the  thyroid 
gland  that  Cyon's  depressor  nerve  produced  general  vasodila- 
tion, at  first  of  the  vessels  of  the  splanchnic  area  and  then  the 
vessels  of  the  peripheral  structures.  The  main  conditions  of 
Howell's  vasomotor  theory  and  Hill's  observations  are  thus  met. 
The  manner  in  which  metabolism  is  depressed  during  sleep  is 
now  self-evident:  the  proportions  of  thyroidase,  which  sensi- 
tizes all  cells,  and  of  adrenoxidase,  which  incites  and  sustains 
metabolism,  being  reduced,  the  blood's  energizing  properties 
are  brought  down  to  the  physiological  limit  which  normal  sleep 
requires.  This  entails  just  sufficient  lowering  of  the  blood- 
pressure  to  reduce  the  tension  in  the  axons  and  dendrites  of  all 
neurons,  not  only  of  the  cortex,  but  of  the  entire  nervous  sys- 
tem. Indeed,  sleep  does  not  mean  repose  of  the  cortex  alone, 
but  of  the  whole  cerebro-spinal  system.  Goltz's  dog,  for  in- 
stance, which  lived  eighteen  months  after  its  cerebrum  had 
been  removed,  slept  as  do  normal  animals,  even  going  through 
the  preliminary  circular  movements  peculiar  to  dogs. 

This  clearly  indicates  that  the  center  which  causes  con- 
striction of  the  vessels  of  the  pituitary  and  thyroid  lies  below 
the  brain,  and,  in  the  light  of  the  evidence  I  have  adduced, 
that  it  is  to  the  neural  lobes  of  the  pituitary  that  we  must 
ascribe  this  function.  This  organ,  we  have  seen,  sends  fibers 
to  the  great-cell  nucleus  in  the  third  ventricle,  which  nucleus, 


"  Cf.  this  volume,  p.  1125. 
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in  turn,  sends  fine  fibers — those  peculiar  to  the  sympathetic 
system,  as  previously  shown — to  the  medulla  and  cord,  and  to 
the  anterior  pituitary.  Now  Cyon  found  that  the  constrictor 
fibers  distributed  to  the  thyroidal  arteries  were  derived  from 
the  cervical  sympathetic;  while  Berkley  specifies  that  the  ner- 
vous supply  of  the  anterior  lobe  is  also  of  sympathetic  origin. 
I  have  already  submitted  considerable  evidence  to  the  effect  that 
the  sympathetic  was  the  vasoconstrictor  of  all  arterioles. 
We  are  furnished  here  not  only  with  additional  testimony 
to  this  effect,  but  we  are  brought  to  realize  that  it  is  the  sympa- 
thetic center  in  the  posterior  pituitary  which,  by  inhibiting  the 
circulation  of  the  thyroid  and  of  the  anterior  pituitary  (includ- 
ing its  test-organ  and  the  adrenal  center  with  which  it  is  linked), 
causes  sleep. 

This  evidence  sustained  by  the  data  previously  adduced 
seems  to  me  to  warrant  the  following  conclusions:  (1)  sleeiJ 
is  brought  on  by  the  sympathetic  center;  (2)  by  sending  con- 
strictor impulses  to  the  arterioles  of  the  anterior  pituitary  body 
(including  its  test-organ,  which  governs  the  adrenals)  and  also 
to  the  arterioles  of  the  thyroid  gland,  this  center  lowers 
the  metabolic  activity  of  the  body  at  large;  (3)  metabolism 
being  also  lessened  in  the  cardiac  and  vascular  muscular  fibers, 
general  vasodilation  follows;  (4)  as  this  in  turn  entails  aug- 
mentation of  the  blood  circulating  in  the  splanchnic  area  and 
other  deep  vessels,  a  corresponding  volume  of  blood  is  with- 
drawn from  the  peripheral  organs,  including  the  cerebrospinal 
system.  (5)  In  the  brain  this  lessened  metabolic  activity  and 
diminution  of  adrenoxidase-laden  plasma  jointly  provohe  uncon- 
sciousness by  inhibiting  the  functional  activity  of  the  neurons, 
which  tahe  part  in  all  psychical  processes;  (6)  in  the  spinal  and 
peripheral  nervous  systems  the  same  two  conditions  cause  de- 
pression of  sensibility,  including  that  of  the  spinal  motor  cells 
which  convert  sensory  impulses  into  motor  stimuli. 

Hypnotism. — This  condition  is  generally  associated  with 
sleep,  but  in  the  light  of  my  views — to  which  only  a  brief  allu- 
sion can  be  made  here — it  is  a  morbid  process.  Many  theories 
have  been  advanced  as  to  its  nature;  all,  naturally,  ascribing 
the  phenomenon  to  some  functional  aberration  of  the  cerebral 
cortex.    That  this  does  not  account  for  the  hypnotic  state  is 
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indicated  by  the  fact  that,  as  shown  by  Verworn,"  animals 
deprived  of  their  hemispheres  can  be  hypnotized.  Landois^® 
also  writes:  "Hens  (also  after  removal  of  the  cerebrum)  assume 
a  rigid  position  if  an  object  be  suddenly  placed  ia  front  of  the 
eye,  or  a  straw  be  placed  over  the  beak."  ....  This  rigidity 
occurs  in  the  human  subject,  and  may  be  brought  about  in  many 
ways  which  affect  the  lower  animals  similarly.  This  indicates 
that  it  is  upon  structures  below  the  brain  that  the  hypnogenic 
influence  is  exercised. 

In  the  first  volume^"  I  referred  to  the  posterior  pituitary 
as  the  sensorium  commune,  and  pointed  out  in  the  preceding^^ 
chapter,  in  connection  with  the  meaning  of  "idiosyncrasy,"  that 
the  sympathetic  center  stood  foremost  in  this  connection.  Con- 
siderable evidence  has  already  shown  that  this  center  governs 
the  caliber  of  the  arterioles,  and  that  marked  constriction  in- 
hibits function  by  reducing  the  volume  of  blood  distributed  to 
the  peripheral  capillaries,  and  that,  conversely,  their  dilation 
reduces  the  blood-supply.  Evidence  to  the  effect  that  such  a 
condition  prevails  during  hypnotic  sleep  is  afforded  by  the  pal- 
lor of  the  skin  and  mucous  membranes,  and  the  fact,  shown 
plethysmographically  by  Walden,^^  that  the  arm  and  hand  show 
a  marked  diminution  in  volume. 

If  we  take  into  account  the  mechanical  means  capable  of 
inducing  hypnosis  in  man  and  animals:  fixing  intently  a 
bright  object,  or  revolving  mirrors  held  a  short  distance  from 
the  face;  a  sudden  flash,  such  as  that  of  an  electric  spark;  a 
stern  command  to  go  to  sleep;  the  noise  of  a  gong,  etc.,  it 
becomes  plain  that  a  shock,  strain  of  the  ocular  muscles  entail- 
ing reflex  sequences,  etc.,  underlie  the  genesis  of  the  hypnotic 
state.  Its  production  by  pressure  upon  hysterogenic  zones  also 
betokens  reflex  action  through  a  center  capable  of  influencing 
the  vessels  of  the  body  at  large,  and,  in  the  light  of  the  fore- 
going evidence,  those  vessels  which  influence  sleep.  This  indi- 
cates that  the  most  sensitive  center  of  the  posterior  pituitary, 
tJie  sympathetic  center,  is  the  source  of  the  vasomotor  impulses 
through  which  hypnotism  is  provoked,  and  that  the  kindred 

i^Verworn:    "Die  sogen.  Hypnose  der  Thiere,"  1898. 
"Landois:    Loc.  cit.,  p.  780,  1905. 
2»  Gf.  vol.  i,  p.  598. 
21  df.  vol.  i,  p.  598. 

22Walden:   Amer.  Jour,  of  Physiol.,  vol.  iv,  p.  124,  1900. 
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states:  somnambulism,  lethargy  and  catalepsy,  are  due  to  a 
corresponding  process,  likewise  under  the  influence  of  the  sym- 
pathetic center. 

EXCESS  OF  ADRENOXIDASE  IN  NERVOUS  ELEMENTS 
AS  A  CAUSE  OF  PAIN. 

Stewart/^  in  a  brief  review,  writes :  "Pain  has  been  defined 
as  'the  prayer  of  a  nerve  for  pure  blood.'  The  idea  is  not  only 
true  as  poetry,  but,  with  certain  deductions  and  limitations, 
true  as  physiology.  That  is  to  say,  pain,  as  a  rule,  is  a  sign 
that  something  has  gone  wrong  with  the  bodily  machinery; 
freedom  from  pain  is  the  normal  state  of  the  healthy  body. 
Physiologically,  pain  acts  as  a  danger-signal;  it  points  out  the 
seat  of  the  mischief."  While  the  latter  fact  is  true,  and  it  is 
self-evident  also  that  pain  is  an  abnormal  phenomenon,  the  con- 
nection between  these  two  facts  on  the  one  hand,  and  the  asser- 
tion that  pain  is  "the  prayer  of  a  nerve  for  pure  blood,"  is  not 
clear.  In  truth,  this  conception,  as  I  view  it,  is  a  most  mis- 
leading one.  Even  in  disorders  such  as  gout,  rheumatism, 
neuralgia,  etc.,  in  which  the  pain  might  be  ascribed  to  the  local 
action  of  noxious  substances,  the  administration  of  an  anal- 
gesic, morphine,  for  example,  will  subdue  or  even  entirely  re- 
move the  pain.  It  is  evidently  not  the  poison  which  causes 
suffering,  since  the  analgesic  certainly  does  not  promote  its 
destruction  or  removal.  The  pain  must  be  subdued  through 
some  other  mechanism. 

Again,  as  stated  by  Howell,^*  "pain  is  probably  the  sense 
that  is  most  widely  distributed  in  the  body.  It  is  present 
throughout  the  skin,  and  under  certain  conditions  may  be 
aroused  by  stimulation  of  sensory  nerves  in  the  various  visceral 
regions,  and  indeed  in  all  of  the  membranes  of  the  body.  Our 
knowledge  of  the  physiological  properties  of  the  end-organs  and 
nerves  mediating  this  sense  is  chiefly  limited  to  the  skin,  and 
for  cutaneous  pain  at  least,  the  evidence,  as  stated  above,  is 
very  strongly  in  favor  of  the  view  that  there  exists  a  special  set 
of  fibers  which  have  a  specific  energy  for  pain.  All  recent 
observers  agree  that  the  pain  sense  has  a  punctiform  distribution 
in  the  skin,  the  pain-points  being  even  more  numerous  than 

^  Stewart:   "Manual  of  Physiol.,"  fourth  edition,  p.  855,  1900. 
2*  Howell:  hoc.  cit.,  p.  262,  1905. 
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the  pressure-points."  Briefly,  pain  is  generated  by  a  special 
neural  mechanism  possessing  specific  nerve-terminals,  and 
occurs  when,  from  some  cause,  these  nerve-endings  are  stimu- 
lated. These  causes,  as  is  well  known,  are  numerous,  and  when 
pain  is  due  to  traumatism,  pressure,  etc.,  it  is  readily  accounted 
for  by  excitation  of  these  sensory  endings  and  the  transmis- 
sion of  pain-impulses  to  the  central  nervous  system. 

Here,  however,  we  meet  with  an  obstacle.  How  and  by 
what  organ  are  pain  and  its  location  perceived?  Stewart 
states  that  "the  precise  mechanism  of  the  localization  is  un- 
known. But,"  he  adds,  "we  must  suppose  that  each  peripheral 
area  is  'represented'  in  the  brain,  so  that  the  afferent  impulses 
from  it  affect  particularly  the  related  cerebral  area.  The  brain 
therefore,  so  to  speak,  associates  excitation  of  a  given  cerebral 
area  with  stimulation  of  the  corresponding  peripheral  area,  and 
thus  not  only  recognizes  the  quality  and  quantity  of  the  result- 
ant sensation,  but  also  localizes  it."  We  have  seen,  however, 
that  this  supposition  is  not  based  upon  a  solid  foundation. 
Goltz's  dog,  for  instance,^^  which  lived  eighteen  months  after 
being  deprived  of  its  hemispheres,  not  only  felt  pain,  but  kept 
one  of  its  paws,  which  had  been  hurt  accidentally,  raised  from 
the  ground  until  the  injury  had  healed. 

Eef erring  to  the  same  animal,  Schafer^"  writes:  "It  re- 
acted promptly  and  consequentially  to  tactile  impressions. 
When  its  skin  was  pinched  it  gave  vent  to  its  discomfort  by 
snarling  or  barking  Just  as  a  normal  dog  might  do,  and  at- 
tempted to  get  away  from  the  hand  which  was  the  source  of 
discomfort,  or,  failing  to  do  this,  would  turn  round  and  bite 
at  it,  but  in  a  clumsy  manner  and  often  without  coming  near 
it.  If  its  feet  were  placed  in  cold  water,  they  were  quickly 
withdrawn."  Again :  "The  rabbit,  after  removal  of  the  hemi- 
spheres, in  a  few  minutes  sits  up  and  begins  to  move  about  in 
an  apparently  normal  manner.  Its  reflex  excitability  is  in- 
creased. If  the  foot  is  pressed,  it  will  kick  and  struggle  vio- 
lently." Striking  in  this  connection  is  the  behavior  of  the 
brainless  frog.  "If  placed  in  a  vessel  of  water  the  tempera- 
ture of  which  is  gradually  raised,"  writes  Ferrier,^''  "it  will  not 


=5  Gf.  this  volume,  p.  970. 

2<>Schafer:    "T.  B.  of  Physiol.,"  vol.  ii,  p.  702,  1900. 

"Ferrier:    "Functions  of  the  Brain,"  second  edition,  p.  109,  London,  1886. 
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quietly  submit  to  be  boiled  like  a  frog  which  has  only  its 
medulla  and  cord,  but  will  leap  out  as  soon  as  the  bath  becomes 
xmcomfortably  hot." 

These  examples  show  clearly  that  it  is  not  the  brain  which 
perceives  pain  or  even  its  location,  since,  by  limping  on  three 
legs,  Goltz's  brainless  dog  showed  not  only  that  it  felt  it,  but 
that  it  located  it  in  the  raised  limb.  The  location  of  the  per- 
ceptive region  is  pointed  out,  moreover,  by  the  behavior  of  the 
frog.  Not  any  more  than  the  hemispheres  can  the  medulla 
oblongata  or  spinal  cord  be  said  to  perceive  pain,  since  the 
presence  of  these  organs  will  not  cause  the  frog  to  escape  from 
the  hot  water;  it  is  evidently  a  region  ahove  the  medulla  and 
helow  the  brain.  It  is  not  due  to  the  corpora  striata  or  the  optic 
thalami,  for  Schafer,  who  quotes  Ferrier,  states  that  they  "were 
included  in  the  removal."  This  brings  us  once  more  to  the  only 
structure  to  which  any  such  function  can  be  attributed:  the 
posterior  pituitary.  Indeed,  in  the  sixteenth  chapter^**  I  sub- 
mitted the  conclusions,  sustained  by  considerable  evidence,  that 
"the  cortex  is  not  the  organ  through  which  any  of  the  cutane- 
ous and  internal  sensations  are  perceived,"  and  that  "these 
sensations,  which  include  pain,  heat,  cold,  pressure  (constitut- 
ing touch),  hunger,  thirst,  and  the  muscle  and  spatial  senses, 
are  perceived  by  and  through  the  neural  or  posterior  lobe  of 
the  pituitary." 

Eeturning  to  the  production  of  pain,  we  have  seen  that, 
aside  from  the  traumatic  or  mechanical  causes,  the  purity  of 
the  blood  can  hardly  be  granted  the  dominant  position  in  the 
process  that  the  poetical  conception  quoted  above  has  earned 
for  it.  On  the  other  hand,  we  have  ample  proof  to  the  effect 
that  an  excess  of  blood  in  a  given  region  can  provoke  suffering, 
and  that  its  intensity  varies  with  the  degree  of  local  conges- 
tion. Evidence  to  this  effect  need  not  be  produced.  It  becomes 
a  question  whether  all  pains  other  than  those  due  to  traumatism 
are  not  due  to  local  congestion.  In  neuralgia,  for  instance,  even 
in  the  anaemic,  pathological  anatomy  points  to  the  presence  of 
a  neuritis  either  in  the  nerve  itself  or  in  the  ganglion  from 
which  it  originates.  In  tic  douloureux  such  lesions  are  prac- 
tically always  found.    The  fact  that,  as  I  have  shown,  adren- 


28  Cf.  this  volume,  p.  1007. 
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oxidase  circulates  in  nerves  as  it  does  elsewhere,  accounts  for 
these  results.  Again,  the  increase  of  pulsation  in  a  painful 
area  and  the  relief  afforded  by  elevating  the  part  in  which  it  lies, 
point  distinctly  to  a  common  cause — a  fact  further  sustained 
by  the  relief  afforded  by  morphine,  whatever  be  the  source  of 
suffering. 

The  so-called  "toxic"  form  of  pain  might  appear  to  con- 
stitute an  exception,  but  analysis  of  the  question  soon  shows 
that  even  here  hyperasmia  must  be  taken  into  account.  In  auto- 
intoxications of  intestinal  origin,  we  often  have,  as  is  well 
known,  a  rise  of  vascular  tension,  i.e.,  a  cause  of  congestion  in 
nerves  predisposed  to  neuritis,  in  aural  structures  previously 
diseased;  in  old  pleural  or  peritoneal  adhesions.  In  the  pains 
due  to  mercury,  lead,  arsenic,  alcohol,  etc.,  the  influence  on 
vascular  tension  is  also  marked,  some  causing  them  by  provoking 
active  and  others  passive  hyperaemia.  The  influence  of  increased 
vascular  tension  is  well  shown  by  the  fact  that,  as  shown  by 
Eichet,  the  sensibility  to  pain  is  reduced  in  idiots,  imbeciles, 
and  senile  dements.  loteyko^*  found  the  sensibility  to  heat 
decreased  in  melancholic  women,  and  the  initial  sensibility  to 
cold  markedly  increased.  All  these  subjects  bear  the  stigma  of 
deficient  peripheral  circulatory  activity. 

Reducing  the  whole  question  to  its  simplest  expression,  a 
prominent  fact  asserts  itself,  viz.,  that  given  the  presence  in 
any  area  of  nerve-endings  capable  of  transmitting  pain  impres- 
sions, congestion  of  that  area  from  whatever  cause,  direct  or 
indirect,  will  provoTce  pain.  As  viewed  from  my  standpoint, 
these  minute  sensory  elements  are  the  seat  of  metabolic  pro- 
cesses in  which  adrenoxidase  fulfills  the  function  it  does  in  all 
other  cells:  an  increase  of  adrenoxidase  here  means  increased 
metabolic  activity  and,  therefore,  increased  acuity  of  the  pain- 
impulses  transmitted  to  the  posterior  pituitary. 

THE  SYMPATHETIC  CENTER  AS  THE  INTERMEDIARY  THROUGH 
WHICH  ANALGESICS  PRODUCE  THEIR  EFFECTS. 

In  the  light  of  the  conclusions  submitted  in  the  two  fore- 
going sections,  any  drug  capable  of  reducing  the  blood  circu- 
lating in  the  peripheral  tissues,  including  the  central  nervous 
system,  and  of  inhibiting  metabolism  in  these  tissues,  should  be 


2«Ioteyko:   Jour,  de  neurol.,  Oct.  5  to  20,  1905. 
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capable  of  causing  sleep  and  of  arresting  pain.  Again,  inas- 
much as  we  have  seen  that  it  is  the  sympathetic  center  which 
governs  the  caliber  of  the  arterioles,  and,  therefore,  the  blood 
supplied  to  these  tissues,  drugs  capable  of  causing  sleep  and  of 
subduing  pain  should  do  so  through  the  intermediary  of  this 
center.  That  such  is  the  case  will  be  illustrated  by  the  action 
of  three  of  our  main  analgesics — morphine,  antipyria  and 
acetanilid. 

Both  opium  and  morphine  produce  a  temporary  exhilara- 
tion, visions,  etc.,  by  augmenting  the  propulsive  activity  of  the 
arterioles — a  condition  supplemented  by  a  direct  excitation  of 
the  vasomotor  center  and  peripheral  hyperaemia  when  large 
doses  are  taken.  Under  the  influence  of  therapeutic  doses  this 
is  soon  succeeded  by  the  typical  action  of  the  drug :  constriction 
of  the  arterioles,  and  diminution  of  the  blood  supplied  to  capil- 
laries and  nervous  elements  in  general,  including  those  of  the 
brain  and  spinal  system  and  of  any  region  which  may  be  the 
seat  of  pain;  this  condition  being  brought  about  by  the  stimu- 
lating effect  of  the  drug  upon  the  sympathetic  center.  Both 
analgesia  and  sleep  are  produced  by  therapeutic  doses  because 
they  influence  this  center  only  and  the  arterioles  only,  and  the 
supply  of  arterial  blood  to  the  neurons,  capillaries,  etc.,  is 
reduced. 

As  produced  by  opium  and  morphine,  sleep  is  caused  indi- 
rectly, i.e.,  artificially.  We  will  see  in  the  next  chapter,  in  which 
the  drugs  that  depress  the  adrenal  and  other  centers  are  studied, 
that  we  have  several  agents  (the  bromides,  chloral,  etc.)  which 
provoke  sleep  by  a  process  approximating  closely  that  of  Nature. 

Antipyrin  and  acetanilid  arrest  pain  as  does  morphine,  but 
an  important  feature  deprives  these  analgesics  of  soporific 
properties;  even  in  therapeutic  doses  they  stimulate  the  vaso- 
motor center  and  thereby  keep  the  neurons  of  the  central  ner- 
vous system  and  the  capillaries  in  general  more  or  less  en- 
gorged, thus  defeating  an  essential  condition  of  sleep.  This 
blood,  when  the  drug  proves  toxic  either  in  small  or  large  doses, 
may  be  detained  in  the  peripheral  capillaries  through  circula- 
tory torpor  and,  becoming  partly  venous,  cause  cyanosis. 
Another  feature  illustrated  by  these  drugs  is  that  their  action  is 
prevented  by  section  of  the  tissues  immediately  below  the  pitu- 
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itary  body  (and,  therefore,  above  the  bulb),  a  procedure  involv- 
ing, therefore,  division  of  the  sympathetic  fibers  derived  from 
the  posterior  pituitary. 

OPIUM  AND  MORPHINE. 

Physiolo^cal  Action. — A  small  therapeutic  dose  of  opium 
or  morphine  excites  sufficiently  the  sympathetic  center  to  cause 
slight  contraction  of  the  arterioles — that  degree  of  constriction 
which,  we  have  seen,  provokes  at  each  pulsation  a  reflex  dila- 
tion of  these  vessels.*  The  alternation  and  exaggerated  constric- 
tion and  reflex  dilation  of  the  arterioles  increases  their  pro- 
pelling power,  and  an  excess  of  blood  is  projected  with  each 
pulse-wave  into  all  capillaries,  including  those  of  the  cerebro- 
spinal system.*  Hence,*  the  period  of  mental  vigor  and  excite- 
ment, visions,  hallucinations  sometimes  witnessed,  and  which 
in  subjects  habituated  to  the  use  of  the  drug  may  attain  the 
proportion  of  wild  delirium. 

In  normal  individuals,  however,  the  mean  caliber  of  the 
arterioles  is,  on  the  whole,  reduced  by  a  small  dose,  and  the 
average  volume  of  blood  thrust  into  the  capillaries  being  dimin- 
ished,* a  feeling  of  torpor,  general  and  cerebral,  is  experienced, 
sometimes  accompanied  by  a  semiconscious  condition  or  light 
sleep,  a  good  part  of  which  is  taken  up  by  dreams. 

If  the  dose  be  large,  the  general  and  cerebro-spinal  hyper- 
emia* manifests  itself  in  a  correspondingly  more  active  way, 
and  symptoms  of  actual  cerebral  congestion  appear:  the  face 
is  reddish  or  suiJused  and  may  even  be  cyanosed;  the  skin  is 
warm  and  dry,  the  pulse  strong  and  full. 

The  influence  of  opium  and  its  preparations  on  the  vascular  sys- 
tem are  generally  recognized.  Guinard™  studied  graphically  the  changes 
in  the  blood-pressure  provoked  by  morphine  in  the  higher  mammals,  the 
horse,  ox,  goat,  sheep,  pig  and  cat,  and  found  that  in  all  these  animals 
the  pressure  was  increased  when  the  limits  of  therapeutic  doses  were 
not  exceeded,  and  however  introduced.  The  rise  was  always  very 
marked.  Gscheidlen^'  also  observed  primary  vasoconstriction;  having 
injected  morphine  in  animals,  he  saw  the  arterioles  of  the  mesentery 
contract.  The  primary  rise  of  blood-pressure  occurs  under  these  condi- 
tions in  the  arteries  behind  the  arterioles,  owing  to  the  obstruction  which 
the  latter  present  to  the  blood-stream.  The  venous  engorgement  which 
this  should  entail  is  likewise  present.    Picard"^  observed,  after  he  had 

*  Author's  conclusion. 

^Guinard:    C.  r.  de  la  Soc.  de  biol.,  10  serie,  vol.  ii,  pp.  551,  572,  1895. 
'1  Gscheidlen:    Untersuch.  aus  dem  physiol.  Lab.  zu  Wiirzburg,  2ter  Theil, 
1869. 

32Picard:   C.  r.  de  I'Acad.  des  Sci.,  May  6,  1878. 
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injected  from  0.06  to  0.08  gms.  (1  grain  to  r/,  grains)  in  a  dog  and 
opened  a  vein  in  an  exposed  submaxillary  gland,  that  the  blood-flovv  was 
increased,  notwithstanding  division  of  the  chorda  tympani.  This  shows 
that  the  gland's  secretory  nerve,  which  normally  causes  the  increased 
blood- flow  when  stimulated,  played  no  part  in  the  production  of  this 
phenomenon  under  the  influence  of  morphine,  and  that  it  was  due  to  the 
general  vasoconstriction  which  this  drug  provoked.  Cushny^^  states  that 
the  "blood-pressure  remains  high"  under  the  influence  of  morphine. 

The  influence  of  partial  contraction  of  the  arterioles  may  be  illus- 
trated by  the  action  of  morphine  upon  certain  animals.  We  have  seen 
that  Guinard  observed  powerful  vasoconsti-iction  in  the  horse,  ox,  goat, 
sheep,  pig  and  cat.  In  all  these  animals  morphine  causes  excitement, 
but  not  narcosis.  In  the  dog,  rabbit,  guinea-pig,  white  rat  and  mouse, 
on  the  other  hand,  he  also  observed  general  vasoconstriction,  but  with 
narcosis.  Yet,  this  does  not  mean  that  the  horse  cannot  be  made  to 
sleep  by  morphine:  Harley,^*  for  instance,  found  that  large  doses,  12 
grains  (0.8  gm.),  produced  very  great  excitement  in  this  animal,  not 
only  cerebral,  but  general,  as  indicated  by  frothing  at  the  mouth,  mus- 
cular tremors,  great  restlessness,  etc.  In  another  experiment  he  gave 
a  horse  36  grains  (2.4  gms.)  of  morphine  acetate.  This  powerful  dose 
caused  the  animal  to  sleep  three  hours,  but  on  awakening  he  passed 
through  the  stage  of  excitement,  and  this  continued  some  seven  hours. 
Again,  in  the  mouse,  which  is  readily  put  to  sleep  by  adequate  doses, 
Harley  caused  tonic  spasm  of  the  trunk,  abnormal  sensitiveness  to 
sounds,  etc.,  without  narcosis  by  giving  small  doses.  This  clearly  shows 
that  the  caliber  of  the  vessel  determines  the  character  of  the  cerebral 
phenomena  provoked,  i.e.,  excitement  when  an  inordinate  quantity  of 
blood  is  admitted  to  the  cellular  elements;  sleep  when  a  smaller  quan- 
tity than  usual  reaches  them,  owing  to  marked  constriction  of  the 
arterioles.  Manquat"''  deems  it  remarkable  that  the  more  intellectual 
Europeans  should  show  more  particularly  the  narcotic  effects  of  the 
drug,  while  others,  the  Malays  for  instance,  are  rendered  wildly  delirious 
by  it.  This  assumes  a  normal  aspect  when  the  sympathetic  center  is 
regarded  as  the  intermediary  of  the  drug's  action — that  of  the  European 
being  more  sensitive,  the  arterioles  are  sufficiently  constricted  to  induce 
sleep;  in  the  less  sensitive  races,  they  remain  sufficiently  patent  to 
admit  an  unusual  amount  of  blood  in  the  brain,  i.e.,  to  induce  excite- 
ment. 

Action  as  Analgesic. — Opium  and  morphine  reduce  or 
arrest  pain  when  the  arterioles  are  sufficiently  constricted  under 
its  influence  to  diminish  the  volume  of  blood  supplied  to  the 
painful  area.*  The  sensory  end-organs  of  this  area,  previously 
overstimulated  through  local  hypersemia,  are  thus  freed  of  the 
excess  of  blood  to  vi'hich  the  pain  is  due.*  This  process  is  fur- 
ther enhanced  by  the  fact  that  the  constriction  of  the  arterioles 
tends  to  produce  capillary  stasis;  the  blood  being  reduced  by 
the  tissues  as  usual,  it  tends  to  become  venous,  and  thus  to 
reduce  sensibility  in  the  sensory  terminals  it  supplies.* 


*  Author's  conclusion. 

''^Cushny:    Loc.  cit.,  fourth  edition,  p.  213,  1906. 

"Harley:  Cited  by  Wood:  Loc.  cit.,  eleventh  edition,  p.  124,  1890. 
35  Manquat:   Loc.  cit.,  vol.  ii,  p.  437,  1903. 
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The  general  constriction  of  the  arterioles,  by  slowing  the  circula- 
tion and  diminishing  the  volume  of  blood  supplied  to  all  tissues,  must 
necessarily  lower  the  rate  of  metabolism.  E.  T.  Reichert'"  found  in 
twelve  experiments  in  dogs  that  general  metabolism,  as  determined  by 
heat-production,  falls  on  an  average  26  per  cent,  below  the  normal  dur- 
ing the  first  hour,  62  per  cent,  during  the  second  hour,  and  40  per  cent, 
during  tne  third  hour,  with  an  average  temperature  fall  in  the  rectum 
of  1.76°  C.  (3.17°  F.).  This  harmonizes  with  the  observation  of  Boeck 
and  Bauer"  and  Chittenden  and  Cummins,**  that  the  elimination  of  car- 
bon dioxide  is  reduced  during  the  narcotism  induced  by  the  drug. 
Guinard  ascertained  that  both  the  intake  of  oxygen  and  the  output  of 
carbon  dioxide  were  reduced.  Wood  and  Cerna*°  also  found  experiment- 
ally, as  did  Guinard,  that  morphine  acted  as  a  depressant  of  the  respira- 
tion. Heger,'"'  moreover,  showed  that  the  slowing  of  the  respiration 
caused  by  the  drug  was  closely  related  with  the  diminution  in  the 
respiratory  exchange,  the  animal  consuming  less  oxygen  and  producing 
much  less  carbon  dioxide  than  normally. 

That  reduction  of  the  blood  supplied  to  the  skin,  and  other  struc- 
tures containing  end-organs,  should,  imder  these  conditions  (especially 
in  view  of  the  capillary  stasis  which  it  entails),  diminish  their  relative 
sensibility  is  self-evident.  Moreover,  experimental  testimony  points  in 
the  same  direction.  Cushny,'"-  for  instance,  referring  to  several  observers 
who  have  studied  the  relative  sensibility  of  the  skin  by  measuring  the 
smallest  distance  at  which  two  points  could  be  distinctly  recognized, 
states  that  "in  every  case  it  was  found  that  the  ability  to  do  this  was 
lessened  by  morphine."  The  analgesia  produced  is  not  due  to  a  direct 
action  of  the  drug  upon  the  sensory  organs  themselves,  for  Gscheidlen 
found  that  when  applied  locally  to  a  sensory  nerve  during  strychnine- 
poisoning,  morphine  increased  its  excitability  and  prolonged  it.  Man- 
quat"  states  that  while  "the  contact  of  morphine  irritates  mucous  mem- 
branes and  skin  deprived  of  its  epidermis,  causing  an  unpleasant  prick- 
ing sensation,  this  is  soon  replaced  by  lowering  of  the  sensibility."  This 
represents  about  the  only  tangible  fact  in  favor  of  the  prevailing  view 
that  morphine  produces  analgesia  and  sleep  by  acting  directly  upon  the 
cerebral  and  other  nervous  elements  after  stimulating  them.  But  we 
cannot  logically  compare  the  local  effects  of  a  solution  of  morphine  of 
1  to  400,000 — such  as  a  Vi  grain  (0.016  gm.)  dose  makes  with  the  thir- 
teen pounds  of  blood  in  the  body — with  those  of  the  alkaloid  itself 
applied  to  mucous  membranes  or  to  denuded  tissues.  Even  here,  proof 
of  the  fallaciousness  of  the  present  conception  asserts  itself.  Morphine 
is  a  reducing  agent,  and,  as  shown  by  Landsberg  and  MarmS,  it  is  con- 
verted in  the  tissues  into  oxydimorphine.  It  is,  therefore,  because  it 
deprives  the  tissues  to  which  it  is  directly  applied  of  their  oxygen  that 
it  obtunds  sensibility.  It  does  so,  in  other  words,  merely  by  inhibiting 
metabolism  in  those  tissues  precisely  as  would  any  other  equally  active 
reducing  agent,  and  not  as  morphine.  But  this  proves  also  that  dimin- 
ished tissue-oxidation  is  the  underlying  cause  of  analgesia,  and  mor- 
phine, by  so  stimulating  the  sympathetic  center  as  to  reduce  the  blood- 
supply  in  a  congested  and  therefore  overstimulated  structure,  does  noth- 
ing else. 


3"  E.  T.  Reichert:   Phila.  Med.  Jour.,  Mar.  9,  1901. 
=7  Boeck  and  Bauer:    Zeit.  f.  Biol.,  Bd.  x,  S.  339,  1874. 

28  Chittenden  and  Cummins:  Studies  from  the  Lab.  of  Physiol.  Chem.  of 
Yale  Univ.,  vol.  ii,  p.  200,  1887. 

3»  Wood  and  Cerna:   Jour,  of  Physiol.,  vol.  xiii,  p.  870,  1892. 

"  Heger:   Bull,  de  I'Acad.  de  med.  de  Belg.,  4  serie,  T.  xiv,  p.  137,  1900. 

"  Cushny:   hoc.  cit.,  fourth  edition,  p.  211,  1906. 

*2  Manquat:   Loc.  cit.,  vol.  li,  p.  437,  1903. 
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Action  as  Hypnotic. — Sleep  is  also  induced  by  morphine 
because  it  provokes  general  constriction  of  the  arterioles.*  By 
thus  reducing  the  blood  supply  to  the  brain  and  spinal  cord,  it 
lowers  their  functional  activity,  as  it  does  that  of  other  organs.* 
Morphine  thus  incites  artificially  a  condition  very  similar  to  nor- 
mal sleep,  since  the  latter  is  likewise  due  to  diminished  irri- 
tability of  the  cerebro-spinal  system.*  Morphine  sleep  differs 
from  normal  sleep  only  in  that  the  irritability  of  the  nerve- 
cells  is  reduced  by  a  diminution  of  the  volume  of  blood,  and, 
therefore,  of  adrenoxidase  supplied  to  them,  while  in  normal 
sleep  the  blood's  oxygenizing  properties  are  reduced  through  a 
diminution  of  the  proportion  of  adrenoxidase  in  the  blood,  the 
result  in  turn  of  a  physiological  depression  of  the  adrenal 
center.* 

That  the  sleep  induced  by  morphine  is  due  to  diminution  of  the 
blood  circulating  in  the  brain  has  been  determined  experimentally.  Thus 
Kauffmann"  observed  "slowing  of  the  capillary  circulation  with  stasis," 
while  Stcherbach"  found  that  there  was  "diminution  of  the  blood  flowing 
to  the  brain" — a  normal  consequence  of  contracted  terminal  arterioles. 
This  evidently  applies  to  the  entire  circulation,  for  Guinard  also  found 
a  diminution  in  the  speed  of  the  carotid  current,  which,  by  diminishing 
the  blood  supplied  to  various  organs,  checks  the  various  secretions  of 
the  body,  i.e.,  inhibits  their  functions.  Both  Nothnagel"  and  Isaac  Ott*" 
found  that  opium  checked  peristalsis  in  animals  as  it  is  known  to  do  in 
man.  On  the  whole,  the  changes  of  vascular  caliber  which  endow  mor- 
phine with  its  analgesic  properties  are  also  those  which  render  it  a 
soporific.  The  only  difference  between  the  two  phenomena  is  that  a 
larger  dose  is  required  to  cause  sleep  besides  analgesia,  than  it  does  to 
obtain  analgesia  alone.  Thus,  as  stated  by  Cushny,"  "in  man,  it  is 
often  found  that  comparatively  small  qiiantities  are  sufficient  to  deaden 
or  even  entirely  remove  the  pain  of  disease  without  rendering  the  patient 
unconscious."  This  is  simply  becavise  pain  is  caused  by  so  slight  an 
exacerbation  of  local  metabolic  activity  that  a  slight  vasoconstriction 
will  counteract  it,  while  the  production  of  sleep  requires  a  greater  de- 
gree of  vasoconstriction  to  induce  the  state  of  "diminished  irritability  of 
the  nervous  system"  which,  according  to  Landois,*"  exists  during  sleep. 

The  after-effects  of  morphine  are  due  to  a  depression  of 
the  sympathetic  center  which  lasts  in  proportion  as  the  recuper- 
ative power  of  the  center  is  marked.*  Usually  this  is  sufficiently 
great  to  prevent  appreciable  untoward  effects  after  small  doses ; 
otherwise,  even  these  may  cause :  lassitude,  owing  to  the  loss 
of  tone  of  the  arterioles  in  the  skeletal  muscles ;  nausea  or  vom- 

*  Author's  conclusion. 

"  Kaufflmann :   Cited  by  Guinard:   Loc.  cit. 
"  Stcherbach :  IMd. 

«SNothnagel:    Virchow's  Archiv,  H.  1,  S.  1,  1882. 
«  Isaac  Ott:    N.  Y.  Med.  Jour.,  Aug.  18,  1883. 
"Cushny:   Loo.  cit.,  fourth  edition,  p.  210,  1906. 
*8Landois:   Loc.  cit.,  p.  778,  1905. 
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iting,  because  of  a  similar  condition  in  the  gastric  mucous  mem- 
brane and  muscles;  and  headache,  owing  to  cerebral  hyper- 
semia.* 

In  neurasthenic  individuals,  especially  women,  the  morbid 
effects  of  this  secondary  vasodilation  may  assume  alarming  pro- 
portions. The  lassitude  lapses  into  prostration  with  a  low  peri- 
pheral temperature,  due  to  depletion  of  the  cutaneous  capil- 
laries.* Vertigo  and  fainting  replace  the  headache  when  this 
occurs,  both  due  to  inadequate  supply  of  blood  to  the  brain.* 
Nausea  and  vomiting  are  usually  very  marked  in  these  cases, 
the  effusion  of  blood-fluids  into  the  stomach,  and  the  dilation 
of  this  viscus  because  of  the  relaxation  of  its  muscles,  being  cor- 
respondingly great.  The  heart's  action  is  also  morbidly  influ- 
enced by  the  relaxation  of  its  nutrient  arterioles*  and  its  action 
becomes  feeble.  As  a  result  of  this  cardiac  adynamia,  the  blood 
is  not  propelled  with  adequate  vigor  into  the  lungs,  causing 
dyspnoea,  nor  into  the  vascular  system.  A  vicious  circle  is  thus 
established*  which  may  culminate  in  syncope  and  death. 

The  explanations  given  in  the  text  are  self-evident.  The  corre- 
sponding effects  in  animals  are  very  marked.  Wood"  states  that  "after 
awaking,  the  dog  shows  unmistakable  signs  of  nervous  and  psychical 
depression.  In  walking,  the  hind  legs  are  dragged,  as  though  semi- 
paralyzed;  the  eyes  are  haggard;  the  naturally  brave  animal  cowers 
in  a  corner  or  seeks  to  hide  himself,  no  longer  recognizing  his  master. 
After  smaller  doses,  the  effects  are  proportionally  less  intense.  It  has 
been  shown  by  Harley,"  says  the  same  author,  "that  in  some  dogs,  pre- 
cisely as  in  some  people,  morphine  fails  to  exert  its  usual  hypnotic 
action,  but  produces  great  depression,  as  evinced  by  faintness,  prolonged 
nausea  and  retching,  interrupted  only  by  intervals  of  dreamy,  delirious 
somnolency." 

Morphinism. — In  this  condition  the  morbid  phenomena 
witnessed  are  due  to  a  condition  differing  from  the  foregoing 
only  in  that  the  sympathetic  center,  overtaxed  by  the  continu- 
ous use  of  the  drug,  finally  becomes  unable  to  preserve  the  tone 
of  the  arterioles  throughout  the  organism,  unless  stimulated 
by  steadily  increasing  doses.*  This  entails  the  development  of 
morphinomania,  since  the  craving  for  the  drug  is  prompted  by 
the  pleasurable  sensation  that  relief  of  the  suffering  provoked  by 
general  vasodilation  procures. 

The  symptoms  betray  plainly  the  loss  of  vascular  tone:* 
weak  and  sometimes  irregular  pulse  and  heart-beat ;  light  sleep. 


•  Author's  conclusion. 

"Wooa:   Loc.  cit.,  thirteenth  edition,  p.  J28,  1906. 
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disturbed  by  unpleasant  dreams  or  distressing  insomnia,  both  due 
to  passive  hypersemia  of  the  cerebral  capillaries  and  cells ;  hallu- 
cinations, day-dreams,  and  occasionally  delirium,  due  to  the  same 
cause;  sensory  disorders,  hyperaesthesia,  formication,  etc.,  due 
to  fluctuations  of  vascular  tension;  anaesthesia  when,  on  the 
other  hand,  the  central  trunks  are  widely  dilated  at  the  expense 
of  the  peripheral  vessels  and,  therefore,  of  those  which  supply 
the  cutaneous  sensory  endings;  diminution  of  the  reflexes  and 
disorders  of  locomotion  from  the  same  cause ;  atonic  dyspepsia, 
nausea,  vomiting,  diarrhoea — all  due  to  dilation  of  the  gastro- 
intestinal vessels,  and  the  resulting  relaxation  of  muscles  and 
mucosa. 

Complications  incident  upon  the  loss  of  vascular  tone  soon 
appear.*  Pustular  and  urticarial  eruptions  betoken  the  inade- 
quate conversion  of  toxic  wastes,*  both  in  the  liver  and  the 
blood — a  morbid  factor  for  which  simple  vasodilation  does  not 
account.  The  lowered  oxygenation  of  the  peripheral  tissues  may 
also  give  rise  to  abscesses,  gangrene,  progressive  emaciation,  and 
muscular  atrophy  and  loss  of  sexual  powers.  As  the  case  pro- 
gresses, the  circulation  in  both  lobes  of  the  pituitary  body  also 
becomes  inadequate*  and  general  collapse  occurs.  The  test- 
organ  and  adrenal  center  are  the  first  to  feel  the  effects  of  this 
condition,  owing  to  the  great  vascularity  of  the  anterior  lobe; 
as  this  organ  constitutes,  with  the  adrenals,  the  thermogenic 
mechanism,  inhibition  of  its  functions  entails  a  corresponding 
decline  of  oxygenation  and  metabolism  throughout  the  entire 
organism,*  a  condition  soon  followed  by  dissolution. 

The  familiar  clinical  facta  recited,  the  exaltation  produced  by  the 
drug  followed  by  marked  depression,  asserts  itself  also  experimentally. 
Thus  Kraepelin,'"'  in  a  study  of  the  action  of  morphine  upon  the  brain, 
found  that  it  caused  first  marked  excitation  of  the  sensory  functions  and 
a  subsequent  marked  and  rapid  depression  of  the  same.  He  noted,  more- 
over, that  it  produced  a  decided  and  persistent  paralysis  of  the  motor 
functions.  The  great  depression  of  the  adrenal  system,  which  may  occur 
at  any  time,  is  shown  by  the  fact  that  bronzing  is  sometimes  witnessed. 
Thus,  in  a  case  successfully  treated  by  Sollier,"  the  skin  of  the  entire 
body  had  acquired  the  Addisonian  hue.  That  the  adrenal  center — the 
thermogenic  center,  in  the  light  of  my  views — is  depressed,  is  indicated 
Eot  only  by  the  marked  fall  of  temperature,  but  also  by  the  experiments 
of  Reichert,"^  which  showed  that  the  hypothermia  caused  by  a  toxic  dose 
of  morphine  was  due  to  "depression  of  the  thermogenic  centers  in  the 

*  Author's  conclusion. 

^  Kraepelin :  Riforma  medica,  July  11,  1892. 
"  Sollier:    Le  progrSs  medical.  May  12,  1900. 

52  Reichert:  Phila:  Med.  Jour..  Mar.  9,  1901;  Univ.  of  Penna.  Med.  Bull., 
Nov.,  1903. 
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caudate  nucleus"  and  to  the  resulting  heat-production.  Confirmatory 
also  in  this  connection  is  the  fact  that  the  drugs  which  have  been  found 
most  beneficial  in  morphinism  are  those  which  improve  the  vascular 
tone  or  which  stimulate  the  adrenal  center.  Norman  Kerr/'  for  example, 
recommends  digitalis  and  strophanthus,  which  combine  both  properties. 
Hunter  Wells,'^  in  fact,  found  adrenalin  strikingly  effective  in  the  treat- 
ment of  a  large  number  of  cases  in  Korea. 

Acute  Poisoning. — All  the  phenomena  enumerated  in  the 
foregoing  pages  occur  in  more  or  less  rapid  succession  when  a 
large  dose  of  morphine  is  taken.  The  sympathetic  center  bears 
the  brunt  of  the  action  of  the  poison,  but  the  vasomotor  center 
is  also  excited  at  first,  so  that  a  large  quantity  of  blood  is  forced 
into  the  capillaries.*  So  marked  is  the  general  vasoconstric- 
tion— both  arteries  and  arterioles — in  the  first  stage,  that  all  the 
blood  is  practically  transferred  to  the  capillaries  and  veins.* 
The  circulation  being  thus  greatly  hampered  and  slowed,  the 
arterial  blood  is  rapidly  reduced,  i.e.,  deprived  of  its  oxygen,  by 
the  surrounding  tissues,  and  becomes  dark  and  even  absolutely 
venous  in  the  capillaries.*  Hence*  the  suffused,  bloated  and 
deeply  cyanosed  face  and  the  labored  and  sometimes  stertorous 
respiration,  the  contracted  pupil,  and  the  slow  and  forcible 
action  of  the  heart,  mainly  due  to  the  marked  resistance  of  the 
blood-column. 

The  sleep  of  a  toxic  dose  of  opium  or  morphine  differs  from 
that  produced  by  a  therapeutic  dose  of  these  agents  in  that  it  is 
stuporous,  and  due  to  the  venous  condition  of  the  blood  circulat- 
ing in  the  cerebro-spinal  system.*  It  occurs  soon  after  the 
ingestion  of  the  poison,  and  deepens  to  a  condition  from  which 
the  patient  can  only  be  roused  with  the  greatest  difficulty. 

The  relative  arterial  constriction  is  so  great  that  the  accumula- 
tion of  blood  in  the  veins  can  sometimes  be  discerned  after  death.  Thus 
J.  Ewing^  found  in  a  case  of  acute  poisoning  that  "there  was  extreme 
oedema  of  the  lungs,  and  marked  venous  congestion  of  all  viscera."  The 
oedema  further  indicates  the  extreme  tension  to  which  the  vessels  sub- 
mitted— serum  having  been  evidently  forced  through  capillary  walls. 
Both  Kauffmann  and  Guinard  found,  we  have  seen,  that  the  blood-stream 
■was  slowed,  owing  to  this  vasoconstriction. 

The  case  may,  under  appropriate  treatment,  recede  at  this 
stage,  the  morbid  phenomena  disappearing  gradually,  or  it  may 
proceed  on  its  lethal  course  to  the  stage  of  collapse. 

Collapse  is  due  here  to  a  combination  of  two  factors:  the 

*  Author's  conclusion. 

S3  Norman  Kerr:   Sajous's  "Analyt.  Cyclo.  of  Pract.  Med.."  vol.  v,  p.  37,  1900. 

"Hunter  Wells:    W.  Va.  Med.  Jour.,  Dec,  1906. 

wj.  Ewing:   Arch,  of  Neurol,  and  Psycho-Path.,  vol.  i,  p.  263,  1898. 
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extreme  general  vasoconstriction,  due  to  direct  irritation  of  the 
vasomotor  center,  and,  as  a  result  of  the  interference  with  the 
circulation,  a  venous  condition  of  the  blood.*  This  venous 
blood  is  the  cause  of  the  lethal  trend,  however,  since  the  lack 
of  oxygen  first  depresses,  then  paralyzes,  the  test-organ,  the 
adrenal  center,  and  the  adrenals  themselves.*  The  adrenal  cen- 
ter being  both  the  respiratory  and  thermogenic  center,*  death 
is  caused  by  respiratory  failure. 

The  symptoms  observed  are  quite  in  keeping  with  this 
morbid  process:  the  respirations  grow  steadily  weaker,  slower, 
shallower,  and  more  distant.  The  skin,  being  supplied  with 
blood  deficient  in  oxyhsemoglobin,  is  at  once  pale  and  cyanotic. 
The  heart  and  pulse  become  gradually  weaker,  smaller,  and 
irregular,  until,  shortly  after  cessation  of  respiration,  they  can 
no  longer  be  discerned. 

Dott  and  Stockmann^"  found  that  after  large  doses  morphine  low- 
ered the  vascular  pressure,  owing,  they  thought,  to  "depression  of  the 
respiratory  center."  Reichert'"  also  published  records  which  show  that 
"morphine  is  not  only  a  powerful  thermodepressant,  but  that  it  has 
also,  coupled  with  this  action,  one  of  some  potency  of  the  opposite  char- 
acter, as  is  indicated  by  the  fact  that  the  profound  rapid  fall  of  tem- 
perature may  be  preceded  by  a  rise,  or  may  be  checked  by  a  secondary 
rise,  or  both."  The  interpretation  I  submit  in  the  general  text  accounts 
for  these  antagonistic  phenomena:  the  rise  of  temperature  occurs  when 
the  adrenal  system  has  the  upper  hand;  and  the  fall  when  the  venous 
blood  is  depressing  its  action.  Now,  Reichert^®  pointed  out  a  very 
important  fact  in  this  connection,  viz.,  that  cocaine  antagonized  mor- 
phine-poisoning, and  clinical  observations  have  sustained  his  conclusion. 
On  the  other  hand,  I  have  called  attention,  in  the  article  on  cocaine,  to 
the  fact  that  this  alkaloid  exceeded  others  greatly  in  power  as  a  stim- 
ulant of  the  test-organ  and  adrenal  center.  The  value  of  cocaine  as  a 
direct  antagonist  of  morphine  is  thu3  accounted  for :  by  powerfully 
exciting  the  adrenal  center  it  sustains  its  functions  notwithstanding  the 
venous  condition  of  the  blood,  and,  by  thus  enforcing  a  rapid  production 
of  adrenal  secretion,  increases  in  proportion  the  volume  of  adrenoxidase 
in  the  blood.  This  affords  the  precise  weapon  needed  to  save  the 
patient's  life,  since  by  endowing  his  blood  with  oxygenizing  properties, 
its  venous  quality,  the  deadly  feature  of  the  process,  is  simultaneously 
eliminated. 

The  treatment  of  opium  and  morphine  poisoning  is  de- 
scribed in  a  special  section  at  the  end  of  this  volume. 

Therapeutics. — Opium  and  morphine  have  not  been  super- 
seded by  any  of  the  more  modern  agents  for  the  relief  of  pain. 
This  cannot  be  said  of  their  use  in  insomnia,  for  we  have  better 

•  Author's  conclusion. 

Dott  and  Stockmann:   Proceedings  of  the  Royal  Soc.  of  Edinburgh,  1891. 
^'  Reichert:    Univ.  of  Penna.  Med.  Bull.,  Nov.,  1903. 
^  Reichert:   Therap.  Gaz.,  July,  Aug.,  1902. 


1280  INTERNAL  SECRETIONS  IN  PHARMACODYNAMICS. 

hypnotics,  though  none  can  replace  morphine  when  pain  and 
insomnia  are  present  simultaneously.  The  manner  in  which 
opium  and  morphine  produce  both  these  ei?ects  (according  to 
my  interpretation)  suggests,  however,  a  number  of  contraindi- 
cations: in  disorders  of  the  brain,  cerebral  congestion,  menin- 
gitis, mental  excitement,  delirium,  etc.,  the  use  of  large  doses  of 
morphine,  by  causing  cerebral  hyperemia,  tends  to  aggravate 
the  symptoms.  Morphine  is  sometimes  used  in  tetanus,  epi- 
lepsy, eclampsia,  etc.,  but  the  convulsions  being  due  to  an  ac- 
cumulation of  toxic  wastes,  the  slowing  of  the  capillary  cir- 
culation and  the  venous  condition  of  the  blood  tend  to  inhibit 
catabolism  and  thus  to  increase  the  proportion  of  these  wastes,* 
the  result  being,  in  the  end,  an  augmentation  of  the  spasms. 
Their  use  in  fevers  is  open  to  the  same  objection,  since  the 
febrile  process  is  a  protective  one,  carried  out  by  an  excess 
of  auto-antitoxin  in  the  blood.*  To  prevent  the  access  of  this 
blood  to  the  capillaries  of  the  liver  and  skin,  where  the  patho- 
genic organisms  and  toxins  are  mainly  destroyed,  by  provoking 
constriction  of  the  arterioles  is  to  defeat  Nature's  protective 
efforts.  In  intestinal  disorders,  the  same  protective  function  is 
carried  out  in  a  different  way,  i.e.,  by  the  copious  secretion  of  the 
constitutents  of  auto-antitoxin  into  the  intestinal  fluids,  peri- 
stalsis being  likewise  enhanced  to  insure  elimination  of  the 
offending  materials.*  Opium  and  morphine,  by  causing  undue 
constriction  of  the  intestinal  arterioles,  arrest  both  the  anti- 
toxic flushing  and  peristalsis.*  This  applies  as  well  to  the 
copious  expectoration  which  serves  to  eliminate  pathogenic 
materials  and  detritus  from  the  respiratory  tract.  All  these 
contraindications  are  sustained  by  clinical  observation.  To 
this  may  be  added  the  marked  susceptibility  of  very  young  child- 
ren, of  debilitated  individuals  of  all  kinds  to  its  effects,  and 
the  danger  of  morphinism — which  precludes  its  prolonged  use. 

There  are  many  conditions,  however,  in  which  its  value  is 
firmly  established.  After  the  vomiting  and  purging  of 
cholera  morbus  have  insured  elimination  of  the  toxic  materials, 
morphine  checks  the  severe  abdominal  pain  by  causing  constric- 
tion of  the  intestinal  arterioles,  thus  inhibiting  the  excessive 
peristaltic  action  and  the  intestinal  flux.*    A  similar  action  on 
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the  intestines  promptly  relieves  the  marked  suffering  of  lead 
colic.  In  licemorrhage,  and  especially  the  intestinal  haemorrhage 
due  to  intestinal  perforation,  morphine  promptly  stops  the 
blood-flow  by  the  same  process,*  since  it  is  through  the  arte- 
rioles that  the  bleeding  area  is  supplied  with  blood.  By  inhibit- 
ing the  peristaltic  movements,  moreover,  it  tends  materially  to 
prevent  recurrence.  In  asthma  of  nervous  origin,  in  which  the 
face  is  pale — a  condition  due  to  a  marked  lowering  of  the  blood- 
pressure — morphine  will  often  arrest  a  paroxysm  by  causing 
a  rise  of  the  latter  and  thus  increasing  the  volume  of  blood 
exposed  to  the  air  in  the  pulmonary  alveoli.*  In  diabetes,  mor- 
phine proves  useful  by  depressing  the  excessive  functional 
activity  of  the  adrenal  center,  thus  reducing  the  proportion  of 
adrenal  secretion,  i.e.,  of  adrenoxidase,  in  the  blood,  a  frequent 
cause  of  this  disease. 

DRUGS  WHICH  RESEMBLE  MORPHINE  IN  THEIR 
PHYSIOLOGICAL  ACTION. 

Codeine  differs  from  morphine  only  in  that  it  is  consid- 
erably less  active  and,  therefore,  less  poisonous.  Such  being  the 
case,  the  stage  of  stimulation  is  more  marked,  and  the  propul- 
sive activity  of  the  arterioles  is  kept  up  much  longer  than  under 
morphine,*  the  constriction  of  the  arterioles,  which  endows  the 
latter  with  its  analgesic  and  hypnotic  properties,  coming  on  much 
later.*  Hence  the  value  of  codeine  in  irritative  coughs,  mild 
bronchitis,  etc.,  since  by  increasing  the  supply  of  blood  to  the 
bronchi,  it  enhances  (when  given  in  small  doses)  the  activity  of 
the  local  curative  process.  In  large  doses,  its  action  resembles 
that  of  morphine,  but  it  does  not  as  actively  excite  the  sympa- 
thetic center.  All  the  properties  due  to  abnormal  constriction 
of  the  arterioles*  are  therefore  less  evident:  the  sleep  pro- 
duced is  light  and  not  restful ;  the  effect  on  pain  is  also  slight 
and  fugacious;  it  does  not  inhibit  peristalsis  materially,  nor 
cause  constipation  as  readily  as  does  morphine.  For  reasons 
submitted  under  "Tuberculosis"  I  do  not  advocate  the  use  of 
opiates  in  the  treatment  of  cough. 

Heroin  acts  much  as  does  codeine,  and  its  value  in  irritative 
coughs  is  also  due  to  the  fact  that  it  increases  the  propulsive 
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activity  of  the  arterioles  and  thus  increases  the  volume  of  arte- 
rial blood  circulating  in  the  bronchial  capillaries  in  a  given 
time.* 

Salicylic  Acid;  the  Salicylates. — These  agents  act  much  as 
do  opium  and  morphine,  but  their  action  upon  the  sympathetic 
center  is  less  violent.*  In  small  therapeutic  doses  they  cause 
hyperconstriction  of  the  arterioles  and  arrest  pain  by  reduc- 
ing the  volume  of  blood  supplied  to  all  tissues,  including  the 
painful  area.*  Simultaneously,  and  unlike  the  coal-tar  products, 
they  stimulate  actively  the  test-organ,  and  through  it  the  adrenal 
mechanism,  thus  augmenting  the  blood's  asset  in  auto-anti- 
toxin.* Hence  the  fact  that,  besides  acting  as  analgesics  in 
rheumatism  and  gout,  they  prove  curative,  since  they  not  only 
decrease  the  volume  of  blood  circulating  in  the  nerves  of  the 
painful  regions,*  but  they  also  promote  catabolism  and  the  de- 
struction of  the  pathogenic  elements. 

In  large  doses,  salicylic  acid  and  the  salicylates  increase 
the  propulsive  activity  of  the  arterioles,  and  thus  cause  suffi- 
cient hypersemia  of  the  central  nervous  system*  to  evoke  symp- 
toms similar  to  those  of  cinchonism,  tinnitus,  headache,  etc., 
and  even  hallucinations  and  delirium.  Such  doses  are  always 
dangerous,  since  at  any  moment  they  may  cause  such  a  marked 
reduction  of  the  mean  caliber  of  all  arterioles  that  the  cardiac 
muscle  is  inadequately  supplied  with  blood,  and  thus  rendered 
unable  to  carry  on  its  functions. 

ANTIPYRIN. 

Physiological  Action. — In  some  cases  any  dose  of  anti- 
pyrin,  small  or  large,  causes  cutaneous  hypergemia.  The  skin 
becomes  flushed,  unusually  warm  and  hypergesthetic,  and  the 
flow  of  urine  is  increased  and  the  reflexes  are  overactive.  This 
is  due  to  a  temporary  excitation  by  the  drug  of  the  vasomotor 
center.*  All  the  arteries  of  the  body  being  thus  caused  to  con- 
tract, an  unusual  volume  of  arterial  blood  is  driven  into  the 
arterioles  and  capillaries,  including  those  of  the  skin.* 

In  the  average  case,  however,  this  preliminary  stage  is  of 
too  short  duration  to  be  noticed.*  Nevertheless,  the  cutaneous 
engorgement  occurs,  and  may  be  marked  even  under  the  influ- 
ence of  small  doses. 
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Familiar  symptoms  point  clearly  to  engorgement  of  the  peripheral 
capillaries.  Thus,  H.  Blakeney™  observed  a  case  in  which  there  ap- 
peared, when  10  grains  (0.64  gm.)  had  been  "scarcely  swallowed,"  a 
burning  sensation  in  the  mouth  and  throat  and  "extraordinarily  rapid 
swelling"  of  the  lips  and  cheeks,  which  quickly  spread.  Cerna  and  Car- 
ter™ found  that  both  small  and  large  doses  raised  the  arterial  pressure. 
Casimir"^  also  noted  that  the  arterial  pressure  caused  by  this  drug  was 
accompanied  by  contraction  of  the  internal  vessels,  including  those  of 
the  kidney.  The  presence  of  excessive  cutaneous  hyperemia  is  also 
shown  by  the  marked  exaltation  of  reflex  sensibility  observed,  after  the 
injection  of  moderate  doses,  by  Blumenavi,"-  Arduin,  Demme,  Simon  and 
Hoch,"'  and  other  investigators.  Tactile  sensibility  was  raised  to  such 
a  degree  in  Blumenau's  animals  (cat  and  frog)  that  the  least  touch  or 
noise  caused  general  convulsions.  Shoemaker"  also  states  that  in  ani- 
mals "it  occasions  epileptiform  and  tetanic  convulsions." 

Halliday*"^  found  that  such  slight  stimulation  as  blowing  the  breath 
gently  on  the  surface  of  the  animal's  body  greatly  intensiiied  its  reflex 
movements  and  caused  convulsions.  Sudzilovski""  noted  increased  urina- 
tion in  frogs,  rabbits  and  dogs. 

All  these  phenomena  are  evidently  of  nervous  origin,  for,  while 
Bouchard"  observed  that  moderate  doses  of  anti  pyrin  caused  muscular 
rigidity,  Blumenau  found  that  division  of  the  sciatic  and  crural  nerves 
caused  the  muscles  supplied  by  these  nerves  to  preserve  their  normal 
state  when  antipyrin  was  given  while  all  others  were  rigid. 

"Notwithstanding  the  elevation  of  the  blood-pressure,"  writes  Man- 
quat,'^  "vasodilation  is  observed  even  after  small  doses."  Peripheral 
vasodilation  after  small  doses  was  noted  by  Coppola,™  Querrolo,™ 
Maragliano'^  and  others.  This  vasodilation  can  be  seen  in  the  ear  of 
rabbits,  according  to  Casimir,''^  while  Maragliano  and  Querrolo  found 
plethysmographieally  that  the  immersed  arm  was  increased  in  size  by 
antipyrin,  showing  that  its  peripheral  vessels  were  dilated.  Piseniski" 
noted  at  the  autopsy  of  dogs  poisoned  by  daily  doses  of  15  to  45  grains 
( 1  to  3  gm. )  "intense  engorgement  of  the  brain  and  meninges  with  a 
serous  exudate  into  the  cerebral  ventricles." 

The  effects  of  this  hypersemia  are  soon  masked,  however, 
by  those  of  the  characteristic  action  of  the  drug,  viz.,  excita- 
tion of  the  sympathetic  center.*  As  a  result,  the  sympathetic 
vasoconstrictors  distributed  to  the  arterioles  cause  abnormal 
constriction  of  these  vessels,  and  the  blood  supplied  by  them 
to  the  capillaries  is  diminished  in  proportion.* 

We  have  seen  that  Cyon  and  Masay  caused  general  vasoconstric- 
tion by  stimulating  directly  the  pituitary  body  and  that  the  investiga- 

*  Author's  conclusion. 

5"  H.  Blakeney:    Brit.  Med.  Jour.,  July  8,  1899. 

™  Cerna  and  Carter:    Notes  on  New  Remedies,  Sept.,  1892. 

01  Casimir:    These  de  Lyons,  1886. 

«2  Blumenau:    St.  Petersb.  med.  Woch.,  Bd.  xii,  S.  439,  1887. 

"'Simon  and  Hoch:    Johns  Hopkins  Hosp.  Bull.,  Apr.,  1890. 

^  Shoemaker:    "Materia  Medica  and  Therap.,"  sixth  edition,  p.  717,  1906. 

osHalliday:    Montreal  Med.  Jour.,  July,  1897. 

«»  Sudzilovski:    Vratch,  Nov.  24,  1901. 

"Bouchard:    C.  r.  de  la  Soc.  de  biol.,  8  serie,  vol.  i,  p.  729,  1884. 
Manquat:    Loc.  cit.,  vol.  ii,  p.  571,  1900. 

Coppola:    Riv.  di  Chem.  Med.  e  Farmac,  vol.  ii,  fasc.  Ix  r  x,  p.  448,  1884. 
'"Querrolo:   Cited  by  Deveaux-Armand:   These  de  Nancy,  1885. 
"  Maragliano:    Gaz.  degli  Osped.,  1882. 
'2  Casimir:    Loc.  cit. 

'apisemski:   St.  Petersb.  Inaug. -Dissert.,  p.  48,  1887. 


1284  INTERNAL  SECRETIONS  IN  PHARMACODYNAMICS. 

tions  of  Ramon  y  Cajal,  Andriezen,  Gentes  and  others  have  shown  that 
tlie  pituitary  body  was  connected  with  the  central  gray  substance  of 
the  base  of  the  brain  and  the  bulb  by  nerve  paths.  The  latter  include, 
as  previously  shown,  numerous  sympathetic  fibers.  Now,  when  these 
are  severed  between  the  pituitary  body  and  the  bulb,  that  is  to  say, 
above  the  latter,  antipyrin  and  other  antipyretics  are  mo  longer  active. 
This  important  fact  was  established  by  Sawadowski,"  though  he  was 
unaware  of  the  functions  of  the  pituitary  body.  He  transected  the  basal 
ganglia,  "the  cut  being  made  through  the  thalami  optici  or  the  posterior 
surface  of  the  corpora  striata."  We  have  seen  that  the  sympathetic 
fibers  from  the  pituitary  cross  the  surface  of  the  optic  thalami;  transec- 
tion of  the  latter,  therefore,  or  behind  the  corpora  striata,  inevitably 
severed  these  fibers,  preventing  thereby  the  general  vasoconstriction. 
While  emphasizing  the  fact  that  the  action  of  antipyrin  was  central,  he 
states  that  in  thirty-eight  more  or  less  successful  experiments  "neither 
the  injection  of  putrid  substances,  nor  of  antipyrin  into  a  vein  were 
able  to  induce  any  change  in  the  temperature  course."  In  other  words, 
the  putrid  substance  could  no  longer  raise  the  temperature  as  it  did  in 
normal  animals,  while  antipyrin  could  no  longer  raise  and  subsequently 
lower  it,  as  it  does  in  normal  and  febrile  animals  in  which  the  nerve- 
paths  of  the  base  of  the  brain  are  normal. 

Sawadowski  refers  to  the  possibility  of  an  action  of  antipyrin 
"through  the  agency  of  the  vasomotor  system  or  by  diminution  of  heat 
production,"  but  he  states  that  "this  cannot  be  determined."  He  refers 
to  his  investigations  as  having  established  "that  diminution  of  the 
internal  temperature  went  hand  in  hand  with  increase  in  the  skin  tem- 
perature in  consequence  of  dilatation  of  the  vessels  of  the  skin,  which 
fact  had  already  been  indicated  by  Maragliano  and  his  school."  This 
obviously  harmonizes  with  the  conclusion  to  the  same  effect  I  have  sub- 
mitted in  the  foregoing  paragraphs. 

Action  as  Antxpyketic. — It  is  by  producing  excessive 
constriction  of  the  arterioles  that  it  provokes  througli  tlie  sym- 
pathetic center,  that  antipyrin  reduces  the  peripheral  tempera- 
ture.* The  caliber  of  the  arterioles  being  materially  reduced, 
the  circulation  of  the  blood  in  the  capillaries  is  correspondingly 
slowed,  and,  being  exposed  unusually  long  to  the  reducing  action 
of  the  tissues,  it  becomes  more  or  less  venous  soon  after  pene- 
trating the  capillaries.*  The  surface  temperature  is  lowered 
in  proportion.  This  action  is  enhanced  by  a  similar  constric- 
tion of  the  arterioles  of  the  anterior  pituitary.*  The  circula- 
tion in  the  organ  being  reduced,  the  functions  of  the  adrenal 
center,  and  therefore  of  the  adrenals  likewise,  are  depressed 
and  less  adrenoxidase  is  formed.*  Blood  poor  in  oxygen  now 
constituting  the  torpid  streams  circulating  in  the  capillaries, 
and  being  reduced  as  usual  by  the  tissues,  it  becomes  venous 
unusually  soon.*  This  is  so  marked  in  some  cases,  that  cyanosis 
is  produced.    Sweating,  due  to  relaxation  of  the  sweat-glands 
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similar  to  that  observed  in  moribunds,*  depression,  cooling  of 
the  surface,  shivering,  and  lowering  of  the  peripheral  tempera- 
ture in  febrile  subjects,  all  occur  as  a  result  of  this  morbid 
process.* 

Many  well-known  clinicians,  including  Robin,  have  protested 
against  the  use  of  antipyrin  to  reduce  fever.  Bardet,''^  over  ten  years 
ago,  referring  to  this  drug,  laid  stress  on  the  fact  that  "it  is  always 
dangerous  for  the  organism  to  interfere  with  oxidation  processes." 
Martinet,'"  in  a  more  recent  research,  found  that  antipyrin  interfered 
with  nutrition  and  oxidation.  Robin"  has  likewise  shown  that  anti- 
pyrin reduces  oxidation  and  that  large  doses  of  the  drug  reduce  the 
elimination  of  urea  21  to  33  per  cent.  Wood"  states  that  the  original 
studies  of  Umbach,'"*  "who  found  that  large  doses  of  antipyrin  very 
markedly  decrease  the  elimination  of  ui'ea,"  have  been  "abundantly  con- 
firmed," and  refers  to  the  investigations  of  Wiczowski,  Walter,  MilUer, 
Robin,  Jacubovitsch  and  Tausk.  Along  with  Wood,  Reichert  and  Hare,"" 
he  had  experimentally  ascertained — a  fact  subsequently  confirmed  by 
Destrt'e,*"-  Cerna  and  Carter*^  and  others — that  in  febrile  animals  anti- 
pyrin markedly  decreased  the  heat-production. 

The  cyanosis  occasionally  witnessed  is  at  times  very  marked.  In 
an  instance  reported  by  McCaully  Hayes,*^  for  example,  the  patient's 
face,  within  a  quarter  of  an  hour  after  taking  10  grains  (0.64  gm. )  "was 
cyanosed,  his  nose  swollen  and  blue,  and  his  eyes  almost  closed  from 
swelling  of  the  eyelids,"  the  skin  being  "cold  and  clammy."  In  a  case 
observed  by  E.  Webster,'*  the  "lips  and  general  aspect  were  decidedly 
cyanotic,"  though  the  mixture  administered  had  only  contained  5  grains. 
The  face  was  swollen,  especially  about  the  eye.s — "so  much  so  as  to  pre- 
vent anv  possibility  of  opening  them."  The  temperature  in  the  axilla 
was  only  97°  F.  (36.1°  C). 

Cyanosis  has  been  ascribed  to  a  transformation  of  oxyhasmoglobin 
into  methaemoglobin  by  Lepine*^  and  Hgnocque.""  Yet,  Vierordt"  thirty 
years  ago,  found  that  rubber  rings  left  from  40  seconds  to  5  minutes  at 
the  base  of  phalanges,  caused  the  two  spectroscopical  bands  of  oxyhemo- 
globin of  the  blood  in  the  latter  to  be  replaced  by  a  single  band  indica- 
tive of  reduced  haemoglobin  as  it  occurs  in  venous  blood.  Halliday*'  also 
examined  speetroscopically  blood  taken  from  the  cyanosed  lips  of  frogs 
and  rabbits,  both  before  and  after  death  from  antipyrin  poisoning,  and 
found  that  "the  spectrum  of  methaemoglobin  was  certainly  not  present." 
Others  have  recorded  similar  observations.  Cyanosis  here,  therefore,  is 
evidently  not  due  to  methaemoglobin,  but  to  the  familiar  cause  of  this 
phenomenon,  i.e.,  the  accumulation  in  the  blood  of  the  capillaries  of  car- 
bon dioxide.* 

Action  as  an  Analgesic. — Antipyrin  relieves  pain  by 
reducing  directly  the  sensitiveness  of  the  peripheral  sense- 
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organs.*  The  process  is  identical  to  that  provoked  by  the  drug 
in  the  reduction  of  fever.*  Small  doses  suffice  to  irritate  the 
sympathetic  center  adequately  for  this  purpose,  and  the  result- 
ing constriction  of  the  arterioles  reduces  the  quantity  of  blood 
supplied  to  all  peripheral  organs.  Pain  being  due  to  an  excess 
of  arterial  blood  in  sensory  nerves  or  their  endings,  it  is  not 
only  relieved  from  this  cause,  but  also  by  the  fact  that  what 
blood  is  supplied  to  the  sensory  elements  is  poor  in  oxygen.* 

The  investigations  of  Coppola,  Querrolo  and  Maragliano'"  have 
sliown  that  although  the  pressure  is  raised,  peripheral  vasodilation  is 
observed  even  after  small  doses.  This  shows  that  small  doses  can  evoke 
the  typical  effects  of  the  drug.  Simon  and  Hoch""  found,  moreover,  that 
even  in  the  earlier  stages  of  the  convulsive  period,  operations  could  be 
performed  upon  animals  without  anaesthetic.  The  general  anoesthesia 
caused  by  the  drug  here  is  but  an  exaggerated  expression  of  its  effect 
as  an  analgesic;  the  interepithelial  nerve-endings  are  in  both  cases  sup- 
plied inadequately  with  blood,  which  blood  in  turn  becomes  venous 
unduly  early.  The  effects  of  interference  with  the  capillary  circulation 
also  assert  themselves  in  the  central  nervous  system,  and  in  the  nerves, 
hence  the  beneficial  effect  of  antipyrin  in  the  neuralgic  pains  of  loco- 
motor ataxia.  Again,  while,  as  emphasized  by  Halliday,"'^  one  large  dose 
may  exalt  the  spinal  reflexes,  this  may  be  avoided  by  administering  the 
drug  in  increasing  doses.  The  functional  exaltation,  therefore,  is  but  an 
ephemeral  phenomenon,  as  I  have  previously  stated. 

Pain  is  now  ascribed  by  phj-siologists  to  a  common  factor.  "The 
cause  of  pain  is  always  an  irritation  of  the  sensory  nerves  exceeding 
the  normal,"  says  Landois,'"  in  his  recently  published  text-book.  "All 
kinds  of  irritation:  mechanical,  thermal,  chemical,  electrical  and  somatic 
(inflammatory  processes,  disturbances  of  nutrition  and  the  like)  may 
excite  pain."  It  is  by  indirectly  reducing  the  volume  and  vitalizing 
activity  of  the  blood  of  the  irritated  area,  therefore,  that  antipyrin 
reduces,  arrests  or  prevents  pain.* 

Untoward  Effects  and  Poisoning. — The  susceptibility  to  the 
effects  of  antipyrin  varies  greatly  in  different  individuals. 
While  large  doses  may  be  taken  without  appreciable  untoward 
effects  by  some,  others  show  evidence  of  intoxication  after  tak- 
ing very  small  quantities.  Again,  moderate  doses  may  be  taken 
safely  a  considerable  time,  and  a  small  dose  suddenly  prove 
toxic.  This  is  due  to  a  corresponding  sensibility  of  the  sympa- 
thetic center  at  the  time  the  drug  is  taken.*  This  sensibility 
may  be  congenital,  the  so-called  "idios}Ticrasy,"  or  occur  as  a 
result  of  old  age,  debility,  etc.,  or  it  may  be  acquired  by  the 
use  of  agents  which  excite  this  center.*   Antipyrin  may  thus  be 

*  Author's  conclusion. 

^  Coppola,  Querrolo  and  Maragliano:    Cited  by  Manquat:    Loc.  cit. 
"'Simon  and  Hoch:    Loc.  cit. 
»i  Halliday:   Loc.  cit. 

»2Landois:    "Text-book  of  Human  Physiol.,"  tenth  edition,  p.  934,  1905. 
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taken  safely  a  few  or  many  times,  even  in  comparatively  large 
doses,  and  suddenly  even  a  small  dose  prove  toxic. 

The  untoward  effects  of  antipyrin  are  of  two  kinds:  (1) 
those  referred  to  at  the  beginning  of  this  section,  due  to  irri- 
tation of  the  vasomotor  center,  manifested  by  marked  peripheral 
hypersemia,  and  when  toxic  doses  are  taken;*  (2)  the  character- 
istic effects  of  the  drug,  those  due  to  excessive  constriction  of 
all  arterioles,  including  those  of  the  anterior  pituitary,  heart 
and  skin,  the  result  of  violent  stimulation  of  the  sympathetic 
center.* 

The  toxic  effects  of  almost  any  dose  after  one  or  more  doses  of 
antipyrin  have  been  taken  without  discomfort,  are  so  familiar  to  all 
practitioners  that  no  evidence  need  be  adduced.  The  hypersensitiveness 
of  the  sympathetic  center  is  not  limited  to  antipyrin.  Thus  Steinhardt™ 
reported  a  case  of  intolerance  to  all  drugs  of  the  same  class,  i.e.,  quinine, 
acetanilid,  phenacetin  and  sodium  salicj-late,  tried  by  him  to  cure  a 
migraine — all  active  vasoconstrictors. 

So  marked  is  the  difference  between  the  two  general  classes  of  phe- 
nomena produced  by  the  drug  that  they  have  been  divided  into  two 
classes  by  various  writers.  Demme,  for  instance,  refers  to  two  periods: 
an  initial  period,  that  of  "excitation,"  and  a  secondary  period,  that  of 
"paralysis."  Wood"*  states  that  "it  is  probable  that  in  toxic  doses  the 
drug  acts  as  a  primary  stimulant  and  a  secondary  depressant  of  the 
spinal  cord."  The  special  senses  were  also  found  to  be  "first  stimulated, 
then  paralyzed,"  by  Simon  and  Hoch.''^ 

The  symptoms  provoked  by  excitation  of  the  vasomotor 
center  are  those  of  intense  capillary  hyperajmia,*  viz.,  sneezing; 
burning  and  swelling  of  the  mouth  and  throat;  nausea  and 
vomiting;  abdominal  pain  and  diarrhoea.  Skin-eruptions  of 
various  kinds,  incident  upon  the  imperfect  elimination  and 
retention  in  the  cutaneous  structures  of  various  toxic  wastes; 
red  patches  or  diffused  redness  suggesting  erythema,  the  onset 
of  measles  or  scarlatina,  etc. ;  urticaria,  purpura,  eczema,  bullae, 
etc.,  and  even  gangrene,  may  also  appear.  Chronic  poisoning 
may  include  any  of  these  phenomena  and  excitability,  tremors 
and  gastric  disorders,  mental  confusion,  vertigo  and  tinnitus 
aurium. 

The  morbid  phenomena  due  to  excessive  excitation  of  the 
sympathetic  center  and  the  resulting  constriction  of  the  arte- 
rioles of  the  pituitary  and  heart,*  are  those  of  collapse.  The 
cardiac  action  becomes  more  or  less  depressed  and  weak;  it 

*  Author's  conclusion. 

Steinhardt:    Therap.  Monatsch.,  Bd.  x,  S.  629,  1896. 
»*Wood:    Loc.  cit.,  thirteenth  edition,  p.  603,  1906. 

Simon  and  Hoch :   Loc.  cit. 
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may  cease  suddenly,  the  heart  being  arrested  in  diastole — evi- 
dence of  its  inability  to  contract  upon  the  blood-stream.  The 
formation  of  adrenoxidase  being  reduced  owing  to  deficiency 
of  adrenal  secretion,*  the  respiration  becomes  hurried,  the 
patient  gasping  for  breath  and  showing  every  evidence  of  marked 
dyspnoea,  the  cyanosis  becoming  deeper  as  the  lethal  trend  pro- 
ceeds. Death  sometimes  occurs  from  respiratory  failure,  i.e., 
before  cardiac  arrest. 

In  other  cases,  the  course  of  events  is  less  acute — the  type 
due  to  gradual  inhibition  of  pituitary  and  cardiac  function 
through  hyperconstriction  of  their  arterioles.*  There  is  great 
muscular  weakness  and  finally  complete  paralysis.  The  face 
may  lose  its  dusky  hue  and  become  blanched  owing  to  relaxa- 
tion of  the  great  central  trunks  and  depletion  of  the  super- 
ficial vessels,  the  blood-pressure  steadily  decreasing.  The  pulse 
becomes  feeble,  fluttering,  intermittent  and  very  rapid.  The  tem- 
perature is  also  lowered,  sometimes  5°  C.  (9°F.).  The  pupils 
dilate  widely,  and  vision  may  become  lost  along  with  the  other 
senses.  The  urine  becomes  albuminous  and  has  the  chocolate-hue 
of  methsemoglobinuria ;  in  the  advanced  stage,  however,  there  is 
usually  anuria.  Somnolence  may  deepen  into  unconsciousness 
and  coma,  but  death  is  sometimes  preceded  by  convulsions,  due 
to  the  accumulation  of  toxic  wastes  in  the  spinal  system.* 

Most  of  the  cases  of  poisoning  reported  have  occurred  during  the 
use  of  the  drug  as  an  antipyretic.  "We  must  not  forget,"  says  Manquat, 
"that  it  is  in  typhoid  fever  that  antipyrin,  even  in  small  doses,  has 
caused  the  greatest  number  of  accidents."  Moreover,  a  marked  intoler- 
ance to  antipyrin  has  been  observed  after  typhoid  fever  which  did  not 
previously  exist.  In  a  series  of  116  instances  of  poisoning  collected  from 
literature  by  Hare,""  acute  symptoms  are  stated  to  have  begun  "at  once" 
or  "immediately"  after  the  ingestion  of  the  drug  32  times.  In  15  of 
these  the  symptoms  were  those  of  "serious  collapse,"  the  phenomena 
recorded  including  subnormal  temperature,  a  feeble  pulse,  etc.  The  rest, 
however,  all  show  some  evidence  of  the  morbid  process  primarily  pro- 
voked by  the  drug:  the  typical  eruptions,  sneezing,  heat  of  the  surface, 
cyanosis,  etc.,  referred  to  above.  The  underlying  vasoconstriction  and 
the  retention  of  toxic  waste  products  in  the  dilated  capillaries  (which 
products  should  freely  circulate  in  order  to  be  converted  normally  into 
eliminable  products),  added  to  this  vasodilation,  completes  the  list  of 
factors  required  to  account  for  the  eruptions  as  well  as  the  other  morbid 
effects.  Wechselmann,"  in  fact,  was  led  by  a  careful  study  of  the  ques- 
tion, to  ascribe  antipyrin  eruptions  to  lesions  of  the  central  nervous  sys- 
tem, and  especially  the  vasomotor  apparatus.    Malherbe*'  witnessed  a 

*  Author's  conclusion. 

Hare:    "Fever:   Its  Path,  and  Treat,  by  Antipyrin,"  1891. 
<"  Wechselmann:    Arch.  f.  Derm.  u.  Syph.,  Bd.  1,  S.  23,  1899. 
"^Malherbe:    Jour.  mal.  cutanees  et  syphil.,  July,  1904. 
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case  in  which  the  penis  became  completely  black  after  taking  a  dose  of 
23  grains  (1.5  gms. ),  the  same  dose  he  had  taken  fifteen  years  for 
migraine.  He  refers  to  a  similar  case  reported  by  Fournier.  Gangrene 
was  observed  by  Verneuil.™  The  inhibitory  iniluence  antipyrin  has  on 
life  processes,  by  arresting  the  circulation  in  the  anterior  pituitary  and 
the  heart,  is  shown  by  the  morbid  influence  on  oxygenation  previously 
referred  to.  Jean  and  Fredgncq™  found,  moreover,  that  it  reduced  the 
intake  of  oxygen. 

The  treatment  of  antipyrin  poisoning  is  described  in  a 
special  section  at  the  end  of  this  volume. 

Therapeutics. — The  foregoing  facts  account  for  the  oppo- 
sition of  experienced  clinicians  to  the  use  of  antipyrin  in  fever. 
By  preventing  the  access  of  blood  to  the  capillaries  it  antagon- 
izes, moreover,  the  functions  of  the  body's  auto-protective 
mechanism  and  tends  to  paralyze  the  heart.*  Much  safer  drugs 
are  available  to  counteract  hyperpyrexia  when  this  threatens  to 
produce  haemolysis,  which  is  very  seldom  the  case.* 

It  is  as  an  analgesic  that  antipyrin  proves  valuable.  In 
migraine,  sciatica,  neuralgia,  etc.,  which,  as  will  be  seen,  are 
due  to  hyperasmia  of  the  nerves  per  se,  it  produces  marked  relief 
by  reducing  the  caliber  of  their  nutrient  arteries.*  It  is  useful 
in  pertussis  by  causing  constriction  of  the  laryngeal  arterioles, 
thus  reducing  the  local  hyperaesthesia.*  Its  value  in  chorea  is 
accounted  for  by  a  corresponding  action  on  the  overactive 
muscles,*  a  process  which  explains  also  the  value  of  antipyrin 
in  rheumatism,  articular  and  muscular,  and  gout*  It  is  effica- 
cious also  when  a  localized  congestion  produces  pain;  thus  in 
dysmenorrhoea  it  is  sometimes  very  effective  by  decreasing  the 
volume  of  blood  circulating  in  the  uterine  tissues.*  In  epilepsy 
and  tetanus  the  constriction  of  the  arterioles,  by  preventing  the 
cerebral  hyperaemia  and  the  oxygenizing  power  of  the  blood  cir- 
culating in  the  cerebro-spinal  axis,  tends  to  prevent  paroxysms* 
— an  observed  fact.  Finally,  antipyrin  can  arrest  lactation — a 
normal  result  of  the  reduction  of  blood  in  the  glandular  ele- 
ments which  the  abnormal  constriction  of  their  arterioles 
entails.* 

Large  doses  of  antipyrin,  by  producing  capillary  hyper- 
aemia, tend  to  counteract  the  beneficial  effects  of  the  drug,*  and 
should  therefore  be  avoided. 

*  Author's  conclusion. 

""Verneuil:    Cited  by  Shoemaker:    Loc.  cit.,  sixth  edition,  p.  717,  1906. 
100  Jean  and  Frgdericq:   Manquat:   Loc.  cit. 
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ACETANILID. 

Physiological  Action. — Acetanilid  differs  from  antipyrin  in 
that  a  therapeutic  dose  excites  the  sympathetic  center  with  more 
suddenness,  and  also,  but  less  actively,  the  vasomotor  center.* 
As  in  the  case  of  antipyrin,  however,  the  general  constriction 
of  the  arterioles  provoked  retards  the  passage  of  the  blood 
through  the  capillaries,  thus  exposing  it  unusually  long  to  the 
reducing  action  of  the  surrounding  tissues.*  The  normal  rela- 
tions between  oxygen  and  carbon  dioxide  in  the  peripheral  capil- 
laries (as  in  those  of  the  body  at  large)  being  modified  in  that 
they  contain  less  oxygen  and  more  carbon  dioxide  than  usual, 
the  temperature  of  their  own  blood  and  that  of  the  surrounding 
tissues  is  correspondingly  lowered.*  The  effect  of  acetanilid 
is  ephemeral  as  compared  to  antipyrin,  however,  the  cyanosis  it 
produces  disappearing  promptly  after  discontinuing  its  use. 

The  purely  nervous  source  of  the  phenomena  produced  by  acetanilid 
and  its  constrictor  action  are  shown  by  the  fact  that  cessation  of  its  use 
in  large  quantities  will  be  followed  by  general  hypersemia  and  maniacal 
excitement,  due  evidently  to  relaxation  of  the  vessels.  A  marked  case 
of  this  kind  was  reported  by  Herrick.^"^  The  resumption  of  the  drug 
arrested  these  morbid  phenomena.  Another  interesting  example  was 
reported  by  Stengel  and  White,"-  in  a  j'oung  woman  who  took  surrep- 
titiously large  quantities  of  the  drug  four  or  five  years.  Although  the 
patient  was  exceedingly  cyanosed,  the  lips  and  nails  being  almost  black, 
the  authors  state  that  "the  cyanosis  disappeared  when  the  medicine 
was  discontinued."  Its  ephemeral  action  is  plain.  Stengel  and  White 
also  state  that  "it  is  not  easy  to  explain  the  rapid  recovery  of  normal 
conditions  when  the  drug  is  withdrawn."  Its  action  on  the  sympathetic 
center  readily  accounts  for  the  result.  As  soon  as  the  vessels  relax,  the 
oxygenation  of  the  blood  in  the  capillaries  becomes  normal.  Lepine'"^ 
had  already  observed  that  the  cyanosis  of  acetanilid  ceased  when  the 
use  of  the  drug  was  discontinued. 

Acetanilid,  like  antipyrin,  by  causing  engorgement  of  the 
capillaries*  gives  rise  to  accumulation  of  carbon  dioxide  in  the 
latter,  and  cyanosis,  but  this  is  sometimes  followed  when  the 
use  of  the  drug  is  prolonged,  by  the  dissociation  of  haemoglobin 
and  the  formation  of  methfemoglobin.  Not  only  does  the  im- 
prisoned blood  acquire  a  muddy  brownish  color,  but  the  urine 
may  also  appear  dark  brown. 

That  imprisoned  blood  is  unusually  depleted  of  its  oxygen  by  the 
tissues  is  shown  by  the  fact  that  Lepine  and  Aubert"*  found  that  the 

*  Author's  conclusion. 

"iHerrick:    Boston  Med.  and  Surg.  Jour.,  Feb.  22,  1906. 

Stengel  and  White:    Univ.  of  Penna.  Med.  Bull.,  Feb.,  1903. 

Lepine:    Rev.  de  med.,  vol.  vii,  pp.  306.  520,  1887. 
i"*  Lepine  and  Aubert:   Lyon  med.,  vol.  liii,  p.  316,  1886. 
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oxygen  was  distinctly  decreased.  The  role  of  carbon  dioxide  as  the 
cause  of  cyanosis  was  also  shown  by  Freund,'"^  who  found  spectroscopic- 
ally  no  methaemoglobin  in  a  case  of  excessive  cyanosis  caused  by  the 
drug.  This  represents  but  a  preliminary  condition  of  the  blood,  how- 
ever, for  methsemoglobin  may  occur  as  a  result  of  a  still  greater  loss  of 
oxj^gen  by  the  blood,  i.e.,  that  which  in  the  corpuscles  jjer  se  serves  to 
hold  the  haemoglobin  molecule  in  combination.  While  Lepine,  Weill"" 
and  Hei'czel  found  that  acetanilid  transformed  haemoglobin  into  methae- 
moglobin, the  serum,  according  to  Lepine,  does  not  show  the  character- 
istic color  of  the  latter,  hence  he  concludes  it  must  be  produced  in  the 
red  corpuscles.  The  disintegration  of  the  blood  is  further  emphasized 
by  the  fact  that,  as  shown  by  Henoeque,  methaemoglobinic  blood  can  no 
longer  absorb  oxygen.  Denning""  recently  found  that  in  the  dog  the 
formation  of  methsemoglobin,  when  10  grains  (0.64  gms. )  per  kilo  of  the 
drug  was  given,  began  in  thirty  minutes  and  reached  its  maximum  in 
from  four  to  six  hours,  the  animal  dying  when  66  per  cent,  of  methsemo- 
globin was  present  in  the  blood.  Besides  the  many  cases  of  methaemo- 
globinuria  reported,  cases  in  which  the  haematoporphyrin  was  found  in 
the  urine  (gi\'ing  it  a  port-wine  color)  have  also  been  recorded,  that  of 
P.  King  Brown"*  for  instance.  This  pigment  points  to  a  still  greater 
dissociation  of  haemoglobin,  owing  to  the  abstraction  of  oxygen.* 

As  is  the  case  with  antipyrin,  the  analgesic  property  of 
acetanilid  is  due  to  the  early  conversion  of  arterial  blood  into 
venous  blood  in  the  capillaries,  including  those  of  the  cerebro- 
spinal axis.*  The  activity  of  the  general  cellular  metabolism 
being  thus  lowered,  both  the  peripheral  and  central  sensory 
elements  are  rendered  less  sensitive.* 

HerczeP™  found  that  in  dogs  (which  can  stand  large  doses)  ace- 
tanilid caused  loss  of  reflexes  in  from  five  to  ten  minutes.  Bokai""  also 
found  experimentally  that  the  drug  paralyzed  the  sensory  elements  of 
the  cord.  Weill,"^  moreover,  noted  general  anaesthesia  in  animals  under 
the  influence  of  toxic  doses.  The  anaesthesia  here  is,  of  course,  but  an 
advanced  stage  of  the  process  to  which  the  analgesia  is  due. 

Untoward  Effects  and  Poisoning.— As  soon  as  the  therapeu- 
tic dose  is  replaced  by  the  moderate  or  large  dose,  acetanilid 
acquires  the  same  properties  as  antipyrin.  It  irritates  the  vaso- 
motor center,  and  thereby  causes  the  deep  arteries  to  drive  blood 
towards  the  capillaries.*  Among  the  symptoms  are:  a  full 
pulse-wave,  headache,  subdermal  swelling  and  cedema,  pruritus, 
flushing,  a  scarlatinalike  blushing,  erythema  and  other  cutane- 
ous disorders,  polyuria,  and  also  nausea,  retching,  vomiting  and 
gastric  pain.  The  increase  of  arterial  blood  thus  projected  into 
the  tissues*  produces  an  increase  of  metabolic  activity  therein. 

*  Aiithor'.i  conclusion. 

loapreund:    Deut.  med.  Woch.,  Bd.  xiv,  S.  834,  1888. 
Weill:    ThSse  de  Paris,  1887. 

Denning:    Deut.  Archiv  f.  klin.  Med..  Bd.  Ixv,  S.  524,  1899. 
1™  p.  King  Brown:    Amer.  Jour.  Med.  Sci.,  Dec,  1901. 
losHerrzel:    Wiener  med.  Woch..  Bd.  xxxvii,  S.  1021,  1053,  1085,  1887. 
""BoVai:    Deut.  med.  Woch.,  Bd.  xiii,  S.  905,  1887. 

'"Weill:  Bull.  gen.  de  therap.,  med.  et  chir.,  vol.  cxii,  p.  150,  1887;  these 
de  Paris,  1887. 


1292  INTERNAL  SECRETIONS  IN  PHARMACODYNAMICS. 


Lgpine"''  found  that  0.40  gms.  (G  grains)  per  kilo  of  animal 
brought  on  in  one-half  hour  a  marked  increase  of  cardiac  power,  with  a 
rise  of  blood-pressure.  H.  C.  Taylor  experimentally  ascertained  that  6 
grains  (0.36  gm. ),  even  when  rapidly  increased  to  40  grains  (2.6  gms.) 
in  human  subjects,  caused  a  slight  increase  of  urea  e.xcretion.  Lepine'"-' 
also  found  experimentally  that  an  increase  of  urea  was  produced  by  the 
drug,  but  not  invariably.  Most  suggestive,  however,  is  the  investigation 
of  Kumagawa,"^"  who  found,  after  exhaustive  experiments,  that  2  to  3 
gms.  (30  to  45  grains)  did  not  only  increase  the  nitrogen  elimination  in 
the  dog,  but  that  4  to  5  gms.  (60  to  75  grains)  increased  it  materially. 
The  increased  tissue-waste  which  these  results  indicate  is  readily  ac- 
counted for  by  the  hyperpemia  of  all  organs  which  engorgement  of  their 
capillaries  entails. 

The  stage  of  collapse  is  similar  to  that  caused  by  antipyrin. 
It  comes  on  when  the  sympathetic  constriction  of  the  arte- 
rioles is  sufficiently  great  to  block  the  circulation  of  the  anterior 
pituitary  and  heart.*  The  symptoms  are  similar  to  those  that 
follow  extirpation  of  the  adrenals,  but  aggravated  by  the  fact 
that  the  circulation  of  the  entire  body  is  impeded  by  the  reduced 
caliber  of  the  vessels.*  The  skin  is  dusky,  cyanotic,  or  livid; 
there  is  profuse  sweating;  intense  weakness  or  general  paraly- 
sis ;  the  pulse  is  very  feeble  and  small  and  may  become  thready ; 
the  surface  temperature  may  be  lowered  several  degrees,  and 
steadily  declines  in  lethal  cases;  the  respiration  is  shallow  and 
irregular,  artificial  breathing  affording  no  relief.  Albuminuria, 
with  hsemoglobinuria,  methfemoglobinuria  or  haematoporphyrin- 
uria,  are  also  witnessed,  but  anuria  occurs  towards  the  termina- 
tion. The  pupils  are  widely  dilated,  the  eyes  glazed  and  star- 
ing. When  the  end  is  near,  convulsions — due  to  the  accumu- 
lation of  waste-products  in  the  blood* — may  occur.  The  heart's 
action  is  first  weak,  then  irregular;  and  death  usually  occurs 
from  heart-failure,  the  organ  remaining  dilated,  owing  mainly 
to  inadequate  renewal  of  its  myocardial  blood.* 

The  mechanism  of  the  cardiac  failure  here  does  not  differ  much 
from  that  produced  by  constriction  of  the  cardiac  arterioles  produced  by 
other  drugs.  Instead  of  being  restricted  to  the  heart's  vessels,  the  vaso- 
constriction is  general  and  the  heart  is  deprived  of  its  blood  as  effect- 
ually. Hence  the  cardiac  arrest  in  diastole — a  process  facilitated  by 
the  failure  of  adrenal  functions.  The  cardiac  dilation  may  be  observed 
during  life.  Stengel,"'^  alluding  to  the  case  previously  referred  to,  states 
that  "the  heart  increased  tremendously  in  size,"  and  that  the  patient 
"had  had  several  attacks  of  acute  dilatation,  with  the  appearance  and 
subsequent  disappearance  of  a  loud  systolic  murmur,  with  corresponding 
increase  and  subsidence  in  the  intense  cyanosis." 

*  Author's  conclusion. 

ii^Lgpine:    Lyon  m6d.,  vol.  liv,  p.  568,  1887. 
Lepine:  IMd. 

'"Kumagawa:  Virchow's  Archiv,  Bd.  cxiii,  S.  134,  1888. 
"''Stengel:    Boston  Med.  and  Surg.  Jour.,  Feb.  22,  1906. 
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The  treatment  of  acetanilid  poisoning  is  described  in  a 
special  section  at  the  end  of  this  volume. 

Therapeutics. — The  indications  of  acetanilid  are  precisely 
the  same  as  those  of  antipyrin,"**  but  it  is  preferable  because 
small  doses  do  not  give  rise  to  the  primary  stage  of  excitation 
and  engorgement  of  the  capillaries.* 

EXCITATION  OF  THE  VASOMOTOR  CENTER  AND  VENOSITY  OF 
THE  BLOOD  AS  THE  BASIS  OF  SURGICAL  ANAESTHESIA. 

Sleep  and  insensitiveness  to  pain  may  also  be  produced  by 
agents  which  cause  the  blood  circulating  in  the  central  and  peri- 
pheral nervous  systems,  the  cutaneous  capillaries,  etc.,  to  become 
partly  venous,  metabolic  activity  being  reduced  in  proportion. 
This  is  the  characteristic  mode  of  action  of  anaesthetics. 

Chloroform,  for  example,  by  stimulating  the  vasomotor 
center  causes  general  constriction  of  all  the  large  vessels  of  the 
body,  and  thereby  drives  the  blood  towards  the  periphery,  includ- 
ing the  cerebro-spinal  system.  This  produces  the  familiar  stage 
of  excitement  followed  by  that  of  surgical  anesthesia.  The  lat- 
ter is  due  simply  to  the  fact  that  the  crowding  of  the  blood 
in  the  structures  mentioned  is  such  that  stasis  occurs,  and, 
becoming  venous  in  situ,  fails  to  sustain  local  metabolism.  The 
functions  of  the  central  nervous  system,  the  peripheral  nerve- 
ends,  etc.,  being  in  abeyance,  sleep  and  anaesthesia  are  produced. 

The  main  cause  of  death  during  chloroform  is  its  action 
on  the  vasomotor  center:  by  stimulating  this  center  excessively 
it  provokes  marked  constriction  of  the  coronaries  of  the  heart 
and,  by  depriving  its  walls  of  blood,  arrests  its  action. 

The  action  of  ether  differs  from  that  of  chloroform  only  in 
that  it  does  not  excite  the  vasomotor  center  as  violently. 
Though  it  causes  death  also  by  producing  excessive  constriction 
of  the  cardiac  coronaries,  the  constrictor  action  is  more  gradual, 
and  the  first  morbid  effect  of  the  heart's  deficient  contractile 
power  is  its  inability  to  project  its  blood  efficiently  into  the 
lungs.  Oxygenation  soon  becomes  inadequate,  and  the  respira- 
tion is  the  first  function  to  cease  in  the  majority  of  cases,  the 
rest  dying  of  cardiac  arrest. 


*  Author's  conclusion. 

Cf.  this  volume,  p.  1289. 
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Nitrous  oxide  produces  anaesthesia  by  preventing  the  access 
of  air  to  the  venous  blood  in  the  infra-alveolar  capillaries,  and, 
therefore,  to  the  adrenal  secretion  it  contains.  The  latter  fail- 
ing to  become  oxygenized,  i.e.,  to  become  converted  into  adren- 
oxidase,  it  passes  into  the  arteries  in  its  normal  state  and  be- 
comes oxidized  at  the  expense  of  their  blood.  Hence  the  cyano- 
sis immediately  produced  by  nitrous  oxide,  and  the  rapidity 
with  which  ansesthesia  is  induced,  the  entire  organism,  including 
the  cerebro-spinal  system,  being  supplied  with  blood  deficient  in 
oxygen. 

CHLOROFORM. 

Physiological  Action. — Preceding  its  true  action  as  an 
anaesthetic  is  a  short  period  during  which,  owing  to  the  irritating 
action  of  the  chloroform  vapor  upon  the  nasal  mucous  mem- 
brane, the  heart  may  be  arrested  reflexly.  The  sensory 
impulses  being  transmitted  from  the  nasal  mucous  to  the  vaso- 
motor center  and  thence  to  the  cardiac  coronaries,*  these 
vessels  are  constricted  sufficiently  to  deprive  the  cardiac  muscle 
of  the  blood  it  requires  to  carry  on  its  functions  adequately.* 
Usually  there  occurs  only  a  temporary  depression  of  the  blood- 
pressure,  but  occasionally  the  heart  ceases  its  functions. 

The  irritating  influence  of  chloroform  on  the  nasal  mucosa  and  the 
danger  of  reflex  cardiac  arrest  therefrom  is  generally  recognized,  and  has 
been  demonstrated  experimentally.  Thus,  Guerin"'  found  that  if  a 
rabbit  be  made  to  inhale  chloroform  directly  through  the  trachea  after 
tracheotomy,  the  heart  is  in  no  way  affected;  if,  however,  the  animal 
be  made  to  inhale  it  through  the  nose,  the  heart  is  arrested.  The  pre- 
sence of  vasomotor  fibers  in  the  vagus  which  supplies  the  coronaries  has 
been  shown  by  Brown-Sequard  and  subsequently  by  Porter,"*  and  my 
own  researches"^"  have  shown  that  what  is  now  regarded  as  a  physiolog- 
ical function,  i.e.,  "inhibition"  of  the  heart,  is  a  pathological  condi- 
tion due  to  excessive  constriction  of  the  coronaries.  Kappeler'-"  and 
Laborde,'-'  in  fact,  found  that  this  early  inhibition  by  chloroform  could 
be  prevented  in  animals  by  cutting  the  vagus. 

The  short  duration  of  this  phenomenon  and  its  depressing  influence 
upon  the  heart-muscle  have  been  observed  by  many  investigators.  Thus, 
as  stated  by  Wood,'--  and  "as  was  first  proved  by  the  English  Chloroform 
Committee,  after  the  first  half-minute  of  the  inhalation  of  chloroform 
there  is  a  progressive  lowering  of  the  arterial  pressure.  This  has  been 
confirmed  by  all  observers  on  the  lower  animals,  and  Blauel^-'  has  shown 

*  Anihnr's  conclusion. 

"'Guerin:    Revue  de  chip.,  vol.  xiv,  p.  915,  1894. 
"8  Cf.  this  volume,  p.  1185. 

""Sajous:    N.  Y.  Med.  Jour.,  May  14,  21,  1904. 

1="  Kappeler:    "Ansstbetica,"  p.  55,  Stuttgart.  1880. 

Laborde:    C.  r.  de  I'Acad.  de  med..  May  27,  1890. 
"2  ■Wood:    Lnc.  cit.,  twelftb  edition,  p.  94. 
i23BIauel:   Beitrage  z.  klin.  Chir.,  Bd.  xxxi,  S.  271,  1901. 
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by  tonometrical  experiments  that  the  same  phenomenon  occurs  in  man." 
The  increased  rapidity  of  the  heart-beats — a  very  great  one,  since  Mac- 
M'illiam'-^  found  it  to  be  almost  doubled  in  the  cat — is  a  result  of  the 
vasodilation  accompanj'ing  the  low  blood-pressure,  in  accord  with  Marey's 
law.  Macvvilliam  also  showed  that  during  this  very  early  stage  the 
contractile  power  of  the  auricles  and  ventricles  was  reduced,  and  that 
these  chambers  were  dilated.  This  is  evidently  a  dangerous  period.  "It 
is  notorious,"  says  Wood,"'"  "that  during  chloroforniization  death  has 
often  occurred  immediately  after  the  first  incision." 

This  period  is  soon  superseded  by  the  preliminary  of  first 
stage  of  anaesthesia.  This  is  due  to  stimulation  of  the  vaso- 
motor center.  All  the  arteries  (excepting  the  arterioles) 
being  thus  caused  to  contract  simultaneously,  the  blood 
is  driven  into  the  smaller  vessels  and  capillaries,  and  thus 
enhances  the  functional  activity  of  all  organs,*  including  the 
cerebro-spinal  and  muscular  systems.  More  or  less  resistance 
may  then  be  offered  by  the  patient,  especially  robust  men  and 
alcoholic  subjects,  accompanied  by  violent  movements,  muscular 
rigidity  and  even  spasm,  the  face  being  more  or  less  flushed. 

According  to  Arloing,'^  "the  early  excito-eardiac  action  is  often 
accompanied  by  a  slight  vasodilator  excitation,  but  this  is  fugacious  and 
is  soon  replaced  by  vasoconstriction."  Then,  "the  vascular  pressure  is 
high ;  and  there  is  simultaneously  a  diminution  of  the  speed  of  the 
blood-current"  (Manquat)  .'^^  The  occurrence  of  general  vasoconstriction 
was  long  ago  emphasized  by  Mayer,  Asp,  Bernstein^-"  and  others.  More 
recently,  Gaskell  and  Shore""  obtained  vasoconstriction  during  narcosis 
which  they  ascribed  to  excitation  of  ..he  vasomotor  center.  They  reached 
the  same  result  by  injecting  chloroform  into  the  blood,  by  applying 
locally  to  the  medulla,  and  by  transferring  the  chloroform-laden  blood 
of  one  animal  to  another.  The  heart's  action  is  slowed  as  the  vascular 
resistance  is  increased  sometimes  as  much  as  one-half,  as  observed  by 
Macwilliam,"'  Bayliss  and  Starling"-  and  others. 

What  is  usually  regarded  as  the  second  stage  of  narcosis 
and  "surgical  ansesthesia,"  occurs  when  the  engorgement  of 
the  arterioles  and  capillaries  becomes  such  that  the  blood  can 
no  longer  freely  circulate.*  The  torpor  of  the  blood-streams 
in  the  arterioles  and  capillaries  finally  becomes  such  that  the 
oxygen  supplied  to  the  tissues  is  inadequate  and  their  functional 
activity  is  reduced  in  proportion.*    The  various  sensory  ter- 

*  Author's  conclusion. 

MacwiUiam:    Jour,  of  Physiol.,  vol.  xxv,  p.  233,  1900. 

Wood:    Lor.  clt.,  eleventh  edition,  p.  100,  1900. 
i27Arloing:    These  de  Lyon,  1879. 
'28Manquat:    Loc.  eit.,  vol.  ii,  p.  332,  1903. 

'-"Bernstein:  Untersuchungen  z.  Naturlehre  des  Menschen  u.  d.  Thiere. 
Moleschott,  Bd.  x,  S.  280,  1870. 

Gaskell  and  Shore:    Brit.  Med.  Jour.,  Jan.  21,  28,  Feb.  4,  1893. 
"1  Macwilliam:    Jour,  of  Physiol.,  vol.  ix,  p.  367,  1888. 
"2  Bayliss  and  Starling:   Ibid.,  vol.  xiil,  p.  412,  1892. 
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niinals  and  centers  lose  their  sensibility,  i.e.,  become  anajsthetic, 
and,  the  cerebro-spinal  system  being  supplied  with  blood  con- 
taining an  unusual  proportion  of  carbon  dioxide,  sleep  and 
insensibility  are  produced.*  The  same  blood  circulating  in  the 
spinal  cord,  nerves,  and  muscles,*  general  muscular  relaxation 
occurs,  and  the  reflexes  are  abolished.  Although  the  face  is 
somewhat  congested,  owing  to  the  cutaneous  hypersemia,  the 
temperature  is  lowered  on  account  of  the  deficiency  of  oxygen 
in  the  cutaneous  blood.* 

Arloing"'  found  that  the  general  vasoconstriction  which  occurred 
during  the  period  of  deep  anseathesia  was  accompanied  by  slowing  of  the 
circulation.  The  crowding  of  the  blood  into  the  venous  channels  is 
shown  by  the  venous  pulse  noted  by  Noel/"*  and  most  easily  observed  in 
the  external  jugulars.  The  cyanosis  sometimes  witnessed  in  this  stage 
points  to  inadequate  renewal  of  oxygenated  blood  in  the  peripheral  capil- 
laries ;  it  represents  an  advanced  stage  of  this  condition.  Saint-Mar- 
tin'''^ found  that  during  this  stage,  i.e.,  during  complete  anaesthesia,  there 
was  a  reduction  of  oxygen  in  the  blood  and  an  excess  of  carbonic  acid. 

Untoward  Effects. — This  semi-venous  condition  of  the 
blood  tends  to  inhibit  the  functions  of  all  organs,  but  the  most 
dangerous  factor  in  this  connection  is  excessive  excitation  of 
the  vasomotor  center.*  As  the  cardiac  coronaries  take  part  in 
the  general  vasoconstriction  provoked  by  chloroform,  this 
ana3sthetic  tends  to  cause  inhibition  of  the  heart  proportionally 
as  the  vasoconstriction  is  marked.*  The  circulation  in  the 
pituitary  body,  the  adrenal  center,  and  the  adrenals  themselves 
being  also  reduced  in  proportion,  chloroform  tends  likewise  to 
hamper  the  functions  of  these  organs  and  to  diminish  the 
secretory  activity  of  the  adrenals,  and  thus  to  reduce  both  the 
contractile  energy  of  the  cardiac  walls  and  the  formation  of 
adrenoxidase.*  Death  may,  therefore,  be  caused  in  two  ways 
by  chloroform:  (1)  by  primary  cardiac  arrest  due  to  hypercon- 
striction  of  the  coronaries;  (2)  by  primary  arrest  of  respira- 
tion due  to  paralysis  of  the  adrenal  center  and  the  adrenals.* 
Both  the  cardiac  and  the  respiratory  functions  may  also  fail 
simultaneously. 

The  cessation  of  either  the  cardiac  or  respiratory  func- 
tions is  preceded  by  a  rapid,  weak,  irregular  and  fluttering 
pulse,  and  increasing  shallowness  and  irregularity  of  the  breath- 

*  Author's  conclusion. 
Arloing:    Loc.  cit. 

"*NoeI:    Bull,  de  I'Acad.  roy.  de  Belglque,  3  serie,  vol.  x,  p.  785,  1876. 
"^Saint-Martin:    "La  Respiration,"  Paris,  1893. 
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ing.  When  the  functions  cease,  either  singly  or  unitedly,  the 
general  vasoconstriction  is  relaxed,*  and  the  blood  recedes 
from  the  periphery  to  the  now  dilating  central  trunks,  causing 
extreme  pallor  and  a  ghastly  grayish  hue.  The  temperature  falls 
steadily  with  the  blood-pressure;  the  pupils,  contracted  when 
the  carbon  dioxide  ratio  of  blood  is  low,  and  slightly  dilated 
when  it  is  becoming  high,  now  dilate  widely  and  death  follows. 

Macwilliam™  found  that  out  of  357  deaths  due  to  chloroform  col- 
lected by  the  Lancet  Commission,  cardiac  failure  had  occurred  227 
times;  respiratory  failure,  80  times;  and  failure  of  both  functions  at 
the  same  time,  77  times.  H.  C.  Wood,  in  his  address  before  the  Berlin 
International  Congress  (1890),  had  previously  reached  the  conclusion 
that  chloroform  was  capable  of  causing  death  either  by  cardiac  or 
respiratory  failure,  but  especially  by  cardiac  arrest  when  the  heart  was 
feeble.  Commonly,  however,  both  functions  were  abolished  at  about  the 
same  time.  The  more  recent  investigations,  of  which  but  a  few  of  the 
more  striking  can  be  mentioned  here,  have  fully  sustained  this  opinion. 
Cardiac  inhibition,  we  have  seen,  is  due  to  excessive  constriction  of  the 
cardiac  arteries,  particularly  the  coronaries,  through  vasomotor  impulses 
transmitted  by  way  of  the  vagus.  In  120  experiments  in  dogs,  E.  H. 
Embley"^  found  that  "respiration  was  always  continued  in  fatal  cases 
till  after  all  hope  of  recovery  was  abandoned."  He  concluded  that  the 
cardiac  arrest  "was  due  to  stimuli  passing  down  the  vagi,  for,  (a)  it 
never  occurred  in  animals  in  which  the  vagi  had  been  previously  divided; 
(b)  when  occurring  in  animals  with  intact  vagi,  it  immediately  disap- 
peared upon  section  of  both  of  them."  Moreover,  he  "never  failed  (5 
cases)  to  occasion  fatal  syncope  in  a  sufficiently  chloroformed  animal 
by  excitation  of  one  or  both  vagi  by  the  interrupted  current."  Schafer 
and  Scharlieb"*  found  the  heart  arrested  in  diastole  and  more  or  less 
filled  with  blood,  the  "paralytic  dilatation"  of  Lauder  Brunton  and 
others,  and  that  it  was  the  "inhibitory  mechanism  which  is  brought  into 
play  by  the  action  of  chloroform." 

That  respiratory  failure  is  due  to  adrenal  insufficiency  also  caused 
by  vasoconstrictor  interference  (a  true  adrenal  inhibition)  and  the  con- 
sequent deficiency  of  adrenoxidase  in  the  blood,  is  shown  by  the  marked 
reduction  of  the  blood's  oxygen  ratio.  Both  Paul  Bert  and  de  Saint- 
Martin  found  that  during  the  stage  of  true  anaesthesia  the  blood  steadily 
becomes  poorer  in  oxygen.  The  latter  investigator  observed,  moreover, 
that  carbon  dioxide  was  markedly  increased  in  ansesthetized  animals. 
While  the  normal  proportion  varies  from  1.45  to  1.88  c.c.  per  litre,  dur- 
ing chloroform  narcosis  it  reached  6.9  c.c.  per  litre.  The  reduced  oxy- 
genation is  further  shown  by  the  fact  that  the  temperature  is  reduced. 
Kappeler"°  found  that  when  inhaled  from  15  to  40  minutes,  chloroform 
reduced  it  from  0.2°  to  1.1°  C.  (0.36°  to  2°  F.),  and  that  prolonged 
anoestliesia  sometimes  caused  a  fall  of  5°  C.  (9°  F.).  Both  the  absorp- 
tion of  oxygen  and  the  elimination  of  carbon  dioxide  are  dependent,  we 
have  seen,  upon  the  quantity  of  adrenoxidase  the  blood  contains.  The 
fact  that  the  adrenal  secretion  also  contributes  to  the  heart's  contractile 
energy  explains,  moreover,  why  a  deficiency  of  this  secretion  may,  in 


*  Author's  conclusion. 
136  Macwilliam :    Loc.  cit. 

i"E.  H.  Embley:   Jour,  of  Physiol.,  vol.  xxvili,  Nos.  1  and  2,  p.  i,  1902. 

Schafer  and  Scharlieb:    Proceedings  of  the  Physiol.  Soc,  1903. 
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the  presence  of  impending  cardiac  inhibition,  cause  both  the  cardiac  and 
respiratory  functions  to  fail  simultaneously. 

Hare"°  aptly  defines  the  recession  of  blood  from  the  periphery  as 
follows:  "The  cause  of  death  from  chloroform  is  usually  vasomotor 
depression,  whereby  the  arterioles  allow  the  blood  to  pass  too  freely  into 
the  great  blood-vessel  areas,  and,  as  a  result,  the  man  is  suddenly  bled 
into  his  own  vessels  as  effectually  as  into  a  bowl."  Shore  and  Gaskell"-" 
ascertained  that  a  large  number  of  curves  of  the  Hyderabad  Commission 
pointed  directly  to  heart-failure  as  the  cause  of  the  fall  of  pressure.  But 
we  must  not  overlook  the  fact  that,  as  I  have  shown  above,  this  is  due  to 
excess ivc  vasoconstriction. 

The  treatment  of  cJiloroform  poisoning  is  described  in  a 
special  section  at  the  end  of  this  volume. 

Danger  Signals. — The  untoward  effects  produced  by  chloro- 
form, in  the  light  of  the  foregoing  analysis,  are  of  two  kinds, 
though  tending  to  destroy  life  by  the  same  morbid  process. 
The  first  of  these,  reflex  arrest  of  the  heart  through  the  vaso- 
motor center,*  can  be  prevented  by  avoiding  irritation  of  the 
nasal  mucous  membrane.  This  danger  may  be  entirely  elimi- 
nated (1)  by  spraying  a  10-per-cent.  solution  of  cocaine  over 
the  nasal  mucosa  ten  minutes  before  the  use  of  the  anaesthetic 
is  to  begin;  and  (2)  by  administering  very  small  quantities  (the 
drop  method)  of  the  latter,  along  with  a  free  supply  of  air.  It 
is  to  be  borne  in  mind  that  it  is  as  a  drug  that  chloroform  acts 
upon  the  vasomotor  center,  and  that  the  suffocation  which 
deprivation  of  air  involves  only  tends  to  increase  the  danger  of 
the  procedure.* 

When  a  case  assumes  a  lethal  trend  during  the  period  of 
full  angesthesia,  the  cardiac  inhibition  is  brought  on,  we  have 
seen,  by  excessive  but  direct  stimulation  of  the  vasomotor  cen- 
ter.* The  death-dealing  factor  being  excessive  constriction  of 
the  coronaries,*  this  can  be  prevented  by  watching  the  behavior 
of  the  arteries  elsewhere :  (1)  the  pin-point  pupil  is  the  extreme 
limit  of  safety,  and  indicates  that  the  blood  in  the  vessels  that 
supply  the  iris  is  inadequately  renewed,  owing  to  excessive  vaso- 
.  constriction;*  (8)  the  respiration  is  one  of  the  first  signs  of 
weakening  of  the  heart,  since  the  venous  blood  is  inadequately 
driven  to  the  alveoli*  and  the  automatic  regular  rhythm  is 
replaced  by  irregular  or  short  breathing,  and  sometimes  stertor; 
(3)  a  full  pulse-wave  indicates  a  corresponding  condition  of  the 


*  Author's  conclusion. 

""Hare:    Therap.  Gaz.,  Feb.  15,  1897. 

1"  Shore  and  Gaskell :   Loc.  cit. 
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cardiac  coronaries;*  any  diminution  of  expansion  of  the  artery 
indicates  a  similar  narrowing  of  these  cardiac  vessels;*  (-i)  the 
turgescence  of  the  veins  of  the  neck  and  face  indicates  the 
degree  of  constriction  to  which  the  arteries  of  the  system  at 
large  are  being  submitted;*  marked  vascular  turgescence  is  a 
threatening  sign. 

Clinical  experience  amply  sustains  the  fact  that  the  pupil, 
the  respiration  and  the  circulation  must  be  watched  while 
administering  chloroform. 

ETHER. 

Physiological  Action. — The  physiological  action  of  ether 
differs  only  from  that  of  chloroform  in  that  it  excites  less  vio- 
lently the  vasomotor  center.*  Its  true  action  is  preceded,  as 
in  the  case  of  chloroform,  by  a  morbid  phenomenon  due  to  the 
irritating  action  of  the  ether  fumes  upon  the  nasal  mucous 
membrane,  viz.,  temporary  lowering  of  the  blood-pressure  due 
to  reflex  contraction  of  the  cardiac  coronaries*  and  depression 
of  the  heart's  contractile  power  through  ischsemia  of  its  walls. 
This  reflex  coronary  constriction,  provoked  through  violent 
sensory  impulses  transmitted  by  the  nasal  branches  of  the  fifth 
pair  to  the  vasomotor  center,*  is  sufficient  in  some  cases  to 
prove  fatal. 

Cushny^"  states  that  "the  first  change  observed  in  the  blood-pres- 
sure tracing  after  chloroform  or  ether  is  often  a  slowing  or  even  a  tem- 
porary standstill  of  the  heart."  H.  C.  Wood*"  says  also  that  the  pri- 
mary arrest  of  respiration  during  the  first  stage  "is  undoubtedly  due 
to  a  local  irritation  of  the  mucous  membrane  of  the  air-passages." 
Kratsehmer'"  prevented  it  "by  previous  section  of  the  trigeminal  nerves." 
We  have  seen,  moreover,  that  it  was  by  passing  a  current  from  the 
nasal  mucous  membrane  to  the  bulb  that  the  brothers  Weber  inhibited 
the  heart.  The  violent  excitation  of  the  sensory  trigeminus  being  trans- 
mitted to  the  vasomotor  center,  and  thence  to  the  coronaries  by  the  vaso- 
motor fibers  in  the  vagus  ( Brown-Sequard,  Porter),  the  heart,  no  longer 
adequately  fed  by  its  arteries,  is  unable  to  contract  with  its  usual  power 
upon  the  blood-column,  and  may  even  remain  dilated.  The  role  of  the 
vasomotor  fibers  of  the  cervical  vagus  is  well  shown  by  the  fact  that 
Hare""  foimd  that  preliminary  division  of  the  vagus  prevented  the 
respiratory  arrest  due  to  ether  irritation  of  the  respiratory  passages. 

The  influence  of  reflex  action  in  the  morbid  process  is  emphasized 
by  the  fact  that  Laborde  found  that  the  application  of  a  weak  solution 


*  Author's  conclusion. 

"^Cushny:    Loc.  rit.,  fourth  edition,  p.  158,  1906. 
i"Wood:    Loc.  cit.,  thirteentli  eaition,  p.  88,  1906. 

Kratschmer:  Sitz.  A.  k.  Acad.  Wien.,  Abt.  ii,  1870. 
>"Hare:   Univ.  Med.  Mag.,  Apr.,  1889. 
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of  cocaine  to  the  nasal  cavities  prevented  the  untoward  symptoms.  This 
was  confirmed  by  Rosenberg"'  and  others.  The  arrest  of  respiration  is 
the  normal  outcome  of  the  weakened  or  arrested  cardiac  action:  the 
heart  is  no  longer  able  to  propel  the  blood  to  the  lungs  with  adequate 
energy.  This  applies  only  to  the  preliminary  stage,  however;  later  on, 
respiration  is  arrested  in  a  different  way. 

The  first  effect  of  ether  as  an  anaesthetic  is  to  stimulate 
directly  the  vasomotor  center.*  The  general  vasoconstriction 
•which  ensues  forces  the  blood  into  the  smaller  arteries,  and 
thence  into  the  cerebro-spinal  and  peripheral  capillaries.*  This 
causes  flushing  and  warmth  of  the  surface,  a  sense  of  exhilara- 
tion, of  physical  lightness,  visions,  hallucinations  of  various 
kinds,  roaring,  hissing  and  ringing  in  the  ears.  Towards  the 
end  of  this  stage  movements  of  the  arms  and  legs  may  occur, 
the  patient  striving  perhaps  to  rise.  Shouting,  raving,  laughter 
and  other  manifestations  of  physical  and  mental  excitement 
may  also  occur  at  this  time.    The  muscles  are  then  rigid. 

According  to  H.  C.  Wood,  "the  first  effect  of  ether  is  usually  to 
cause  a  pronounced  rise  in  the  arterial  pressure,  which  is  commonly 
maintained  even  through  a  prolonged  ether  narcosis."  The  vasoconstric- 
tion must  be  very  marked,  since,  as  stated  by  Cushny"*  and  other  obser- 
vers, the  face  "may  be  suffused  and  cyanotic."  Eulenburg'*''  found  the 
knee-jerk  increased  evidence  that  the  spinal  centers  are  imduly  supplied 
with  blood.  The  cutaneous  hypersemia  and  cyanosis  (successive  steps) 
are  normal  results  of  the  constriction,  here  as  elsewhere,  of  the  muscle- 
coated  vessels,  while  the  capillaries,  deprived  of  muscles,  become  en- 
gorged, congested  and  dilated.  Hence  the  period  of  excitement  of  the 
first  stage.* 

The  stage  of  true  anaesthesia  comes  on  when  the  circula- 
tion in  the  capillaries  of  all  organs  is  sufficiently  slowed  by  the 
general  vasoconstriction  to  supply  them  inadequately  with  oxy- 
gen.* Their  functional  activity  is  reduced  in  proportion. 
The  tactile  end-organs  of  the  skin  and  the  sensory  paths  of  the 
spinal  cord  are  the  first  to  lose  their  sensibility,  and  anaesthesia 
may  thus  begin  before  the  end  of  the  stage  of  excitement.  The 
cerebral  functions  are  then  suspended,  narcosis  supervening; 
soon  thereafter  all  voluntary  motor  functions  are  also  inhibited, 
as  manifested  by  general  relaxation  of  the  skeletal  muscles. 
Although  the  face  is  congested,  the  general  temperature  is 
somewhat  lowered,  owing  to  the  inadequate  oxygenation  of  the 
peripheral  structures.*    The  involuntary  or  automatic  motor 

*  Author's  conclusion. 

Rospaberg:   Cited  by  Willy  Meyer:   Annals  of  Surgery,  Jan.,  1896. 
"8  Cushny:    Loc.  cit.,  fourth  edition,  p.  154,  1906. 
"»Eulenburg:   Centralblatt  fur  med.  Wissen.  Bd.  xix,  S.  97,  1881. 
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functions  are  the  last  to  yield,  the  respiration  being  slow,  deep 

and  rhythmic,  the  pulse  somewhat  quickened  though  stronger 

— in  cases  proceeding  safely. 

Vasoconstriction  persists,  we  have  seen,  "even  through  a  prolonged 
ether  narcosis,"  according  to  Wood,  and  "may  continue  until  manifest 
failure  of  respiration."  Hence,  narcosis  must  occur  simultaneously  with 
vasoconstriction.  The  reddish,  i.e.,  hyperaemic  hue  of  the  face,  neck,  etc., 
betokens  the  presence  of  engorgement  of  the  peripheral  capillaries,  while 
the  cyanosis  occasionally  observed  shows  that  the  blood  contained  in 
these  vessels  is  deficient  in  oxygen.  Intense  venous  congestion  was  found 
post-mortem  by  Hammond  Smith."^" 

Untoward  Effects.— When,  from  reddish  and  suffused,  the 
face  becomes  pale  or  livid,  either  the  heart  or  the  respiration 
has  failed.  Death  may  thus  be  caused  in  two  ways:  (1)  by 
cardiac  arrest,  due  to  excessive  stimulation  of  the  vasomotor 
center  and  constriction  of  the  cardiac  coronaries  beyond  limits 
of  safety  to  the  heart-muscle.*  The  heart-walls  being  inade- 
quately supplied  with  blood,*  they  are  no  longer  able  to  con- 
tract upon  their  contents.  This  morbid  process  is  aggravated 
by  the  increased  resistance  of  the  blood-column  which  the  gen- 
eral vascular  tension  entails,*  and  by  the  venous  condition  of 
the  blood.*  (2)  By  arrest  from  the  same  causes,  excessive  vaso- 
constriction and  venosity  of  the  blood,  of  the  functions  of  the 
pituitary  body.*  The  functions  of  the  adrenals  being  inhibited 
through  paresis  of  their  center,  the  proportion  of  adrenoxidase 
(oxyhsemoglobin)  formed  becomes  inadequate  to  sustain  life,* 
and  the  patient  dies  of  respiratory  failure.  This  is  the  most 
frequent  cause  of  death  in  ether  ansesthesia. 

The  chances  of  death  are  increased  when,  instead  of  admit- 
ting air  with  the  ansesthetic,  the  latter  is  administered  pure. 
The  adrenal  secretion  then  passes  the  pulmonary  alveoli  in  its 
pure  state,  and  the  general  vasoconstriction  is  augmented 
artificially  as  it  is  by  nitrous  oxide. *^^^  Cyanosis  suggests  the 
presence  of  this  condition  (since  the  adrenal  secretion  on  enter- 
ing the  arteries  in  its  normal  states  at  once  robs  their  blood  of 
oxygen),  and  the  supply  of  air  should  be  increased  when  this 
symptom  appears.* 

Both  cardiac  and  respiratory  failure  are  at  once  followed 
by  general  vasodilation.    The  blood  receding  into  the  great 


*  Author's  rnnrlusion. 

1^  Hammond  Smith:    Brit.  Med.  Jour.,  Jan.  8,  1898. 
Of.  this  volume,  p.  1304. 
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central  trunks  suddenly  depletes  the  peripheral  capillaries.* 
Hence  the  pallor  and  lividity,  the  wide  dilation  of  the  pupils 
and  other  phenomena  denoting  approaching  dissolution. 

The  phenomena  of  cardiac  inhibition  are  distinctly  demonstrable 
experimentally.  Cushny  states"-  that  the  frog's  heart,  under  ether, 
"beats  more  slowly  and  more  weakly,  and  at  the  same  time  undergoes  a 
certain  amount  of  dilatation."  These  are  the  typical  signs  of  inhibi- 
tion. "Eventuality,"  writes  the  same  author,  "if  the  administration  be 
carried  far  enough,  the  blood-pressure  falls  to  zero  and  the  heart  ceases 
to  beat.  The  way  in  which  this  fall  of  blood-pressure  is  produced  has 
been  the  subject  of  prolonged  discussion,  but  it  is  now  generally  recog- 
nized that  the  weakness  of  the  heart  is  the  chief  factor."  

"The  effects  on  the  mammalian  heart  are  very  similar."  Obviously, 
being  ischaemic,  the  heart  ceases  to  sustain  the  vis  a  tergo  motion  of  the 
blood,  and  the  functions  of  the  general  vasomotor  center  cease.  The 
intensity  of  the  vascular  constriction  is  emphasized  by  the  observation 
of  Sansom"^  that  "the  vessels  of  the  frog's  web  are  thrown  into  per- 
sistent spasm  by  the  inhalation  of  ether,"  while  the  transition  is  well 
exemplified  by  the  researches  of  Bowditch  and  Minot"*  in  mammals, 
that  "the  vasomotor  centers  are  at  first  stimulated  and  afterward  de- 
pressed.""'' Vasoconstriction  of  the  cardiac  arteries,  plus  active  resist- 
ance of  the  blood-column,  plus  deficient  adrenal  secretion,  and  plus  the 
venous  condition  of  the  blood,  amply  account  for  the  cardiac  failure. 

Yet,  experienced  anaesthetists  generally  agree  in  ascribing  the 
majority  of  deaths  to  failure  of  the  respiration,  i.e.,  to  asphyxia.  The 
venous  condition  of  the  blood  is  strictly  in  accord  with  the  interpreta- 
tion of  the  morbid  process  I  submit  above.  J.  Chalmers  Da  Costa  and 
Kalteyer,""  in  a  comprehensive  study  of  the  blood-changes  induced  by 
ether,  write  as  follows:  "The  haemoglobin  is  always  reduced  absolutely; 
in  some  instances  there  is  an  apparent  increase,  but  this  rise  in  the  per- 
centage of  haemoglobin  is  never  parallel  with  the  rise  in  the  number  of 
red  blood-cells.  The  individual  corpuscular  value  is  therefore  reduced." 
The  influence  of  the  deficiency  of  adrenoxidase  is  also  well  shown  by 
Hare's  statement''"  that  "prolonged  etherization  lowers  the  bodily  heat 
very  greatly.  That  of  the  dog  may  be  lowered  some  9°  F.  in  an  hour 
if  the  drug  be  pushed,  and  as  great  a  fall  has  been  known  as  4°  F.  in 
man."  Though  evaporation  of  the  drug  tends  to  increase  this  fall,  it  is 
due  to  actual  hypothermia,  since  vasoconstriction  is  present  simultane- 
ously. 

The  treatment  of  ether  poisoning  is  described  in  a  special 
section  at  the  end  of  this  volume. 

Danger  Signals. — This  interpretation  of  the  manner  in 
which  ether  produces  untoward  effects  suggests  precautions 
which,  if  strictly  observed,  would  tend  materially  to  prevent 
them  and  decrease  the  number  of  fatalities.*  Ether  being  a 
violent  irritant,  the  danger  of  causing  reflex  arrest  of  the  heart 

*  Avlhor's  conclusion. 

Cushny:    hoc.  cit.,  fourth  edition,  p.  160,  1906. 

Sansom:    "Chloroform,  Its  Action  and  Administration,"  Phila.,  1866. 
1"  Bowditch  and  Minot:    Boston  Med.  and  Surg.  Jour.,  May  21,  1874. 

Cited  by  Wood:  Loc.  cit.,  eleventh  edition,  p.  94,  1900. 
"0  Da  Costa  and  Kalteyer:  Annals  of  Surgery,  Sept.,  1901. 
"'Hare:    "Pract.  Therap.,"  tenth  edition,  p.  241,  1904. 
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can  be  prevented  (1)  by  avoiding  the  sudden  onslaught  of  its 
dense  vapor  upon  the  upper  respiratory  tract  which  the  use  of 
the  folded  towel  or  the  cone  insures;  (2)  by  spraying  a  10-per- 
cent, solution  of  cocaine  into  the  nasal  cavities  about  ten  minutes 
before  the  administration  of  the  antesthetic  is  begun;  and  (3) 
by  administering  a  very  small  quantity  at  first  along  with  a 
free  supply  of  air.  As  it  is  through  its  direct  action  upon  the 
vasomotor  center  that  ether  produces  anaesthesia,  a  small  quan- 
tity, as  given  in  the  "drop  method,"  suffices  to  start  with. 
Gradually,  as  the  patient  yields  to  the  influence  of  the  anaes- 
thetic, the  quantity  is  increased,  air  being  always  admitted 
freely.  Struggling  is  prevented  by  this  plan,  since  this  is 
usually  prompted  by  a  feeling  of  suffocation. 

The  dangers  of  the  period  of  deep  anaesthesia  are  com- 
mensurate with  the  proportion  of  COg  in  the  blood,  and  the 
degree  of  tension  to  which  the  arteries  are  submitted.*  When, 
therefore,  the  patient  is  anaesthetized,  the  color  of  the  skin,  the 
"flush" — which  indicates  that  the  blood  circulating  in  the 
arteries  is  sufficiently  arterial  to  sustain  vital  functions  of  all 
organs,  including  the  pituitary  body  and  the  heart — should  be 
closely  watched,  and  any  indication  of  duskiness  (not  awaiting 
cyanosis)  serve  as  an  indication  of  a  greater  air  supply.*  To 
await  dilation  of  the  pupil,  weakening  of  the  pulse,  respiratory 
distress,  etc.,  is  a  dangerous  feature  of  the  prevailing  technique, 
since  these  are  the  signs  of  cardiac  and  pituitary  inhibition.* 

NITROUS  OXIDE. 

Physiological  Action. — Nitrous  oxide  produces  anaesthesia 

by  preventing  the  access  of  oxygen  to  the  pulmonary  blood,  i.e., 

to  the  venous  blood  containing  the  adrenal  secretion.* 

Dastre'^°°  states  that  "pure  nitrous  oxide  anaesthetizes,  but  it  kills 
by  causing  asphyxia;  mixed  with  air  it  does  not  kill,  but  it  does  not 
anaesthetize."  The  view  that  its  effects  are  due  to  asphyxia  was 
opposed  by  Goltstein""  on  the  plea  that  nitrous  oxide  provoked  sensory 
and  reflex  phenomena  which  were  absent  when  an  inert  gas  was  used. 
H.  0.  Wood  and  Cerna*™  in  a  series  of  experiments  found,  however,  that 
the  circulatory  phenomena  of  nitrous  oxide  anaesthesia  were  very  similar 
to  those  caused  by  inhalations  of  pure  nitrogen  or  by  mechanical 
asphyxia,  and  that  the  addition  of  so  small  a  portion  of  oxygen  as  3 

*  Author's  conclusion. 

1^  Dastre:    "Les  Anesthesiques,"  Paris,  1890. 

Goltstein :    Arch.  f.  d.  ges.  Physiol.,  Bd.  xvil,  S.  311,  1878. 
H.  C.  Wood  and  Cerna:    Therap.  Gaz.,  Aug.,  1890. 
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per  cent,  almost  doubled  the  time  for  the  production  of  anaesthesia, 
while  5  per  cent,  lengthened  it  nearly  eight  times.  A  subsequent  study 
by  Wood"^"^  confirmed  the  conclusion  that  nitrous  oxide  produced  anaes- 
thesia by  cutting  off  the  supply  of  oxygen.  His  results  fully  confirmed 
those  formulated  by  Ludimar  Herrmann  in  1864"^  and  other  investiga- 
tors since,  that  nitrous  oxide  acted  simply  as  an  asphyxiant.  Indeed, 
Colton,'^'^  E.  Thomson'"^  and  Wood  have  all  found  experimentally  that 
animals  lived  no  longer  in  nitrous  oxide  than  in  hydrogen,  nitrogen  or 
a  vacuum. 

By  preventing  the  access  of  oxygen-laden  air  to  the  lungs, 
nitrous  oxide  prevents  the  conversion  of  the  adrenal  secretion 
into  adrenoxidase.  The  secretion,  by  penetrating  the  arteries 
in  its  original  condition,  appropriates  the  oxygen  of  their  blood, 
supplements  the  tissues  in  converting  it  into  venous  blood.* 
Hence  the  promptness  with  which  cyanosis  is  produced.* 

Hermann,  Jolyet  and  Blanche,''"  Goltstein,  MacMunn,'*^  Buxton,"' 
Halliburton  and  Kemp,'**  all  assert  that  nitrous  oxide  does  not  com- 
bine with  hBemoglobin.'""  The  cyanosis,  therefore,  must  be  due  to  the 
familiar  cause,  i.e.,  the  accumulation  of  carbon  dioxide.  Yet,  Oliver  and 
Garrett""  found  in  the  course  of  experiments  upon  dogs  that  during 
nitrous  oxide  anaesthesia  there  was  "a  marked  deficiency  of  oxygen  and 
no  excess  of  carbonic  acid"  in  the  blood.  Obviously,  the  loss  of  oxygen 
was  not  due  to  tissue  metabolism;  some  substance  other  than  the  tissues 
must  have  absorbed  the  oxygen.  That  this  substance  must  be  the 
adrenal  secretion  is  evident;  not  only  is  it  endowed  with  marked  affinity 
for  oxygen,  but  the  oxygen-laden  air  being  replaced  by  nitrous  oxide, 
the  secretion  necessarily  passes  the  pulmonary  air-cells  without  taking 
up  oxygen.  Venous  blood,  laden  with  adrenal  secretion,  soon  circulates 
in  the  arteries.    Hence  the  venous  character  of  the  arterial  blood. 

The  temporary  exhilarating  effect  of  nitrous  oxide,  as 
manifested  by  hilarity,  physical  lightness,  the  sensation  of  well- 
being,  etc.,  and  the  aural  rumbling  or  buzzing  are  due  to  the 
ephemeral  congestion  of  the  cerebral  and  upper  spinal  centers 
which  precedes  complete  anaesthesia.  This  congestion  is  pro- 
duced mechanically :  the  adrenal  secretion  on  entering  the  ar- 
teries provokes  a  fictitious  vasoconstriction  which  progresses 
with  the  blood  containing  it  from  the  larger  arteries  to  the 
smaller.*  The  terminal  arterioles  and  the  capillaries  which  re- 
ceive their  blood  thus  become  engorged,  and  the  nervous  ele- 


*  Author's  conclusion. 

"iWood:    Dental  Cosmos,  May,  1893. 

"2  Ludimar  Herrmann:    Arch.  f.  Anat.  u.  Physiol.,  1864. 

"aColton:    "The  Physiol.  Action  of  Nitrous  Oxide  Gas,"  Phila.,  1871. 

B.  Thomson:    Phila.  Med.  Times,  Nov.  15,  1873. 
"i*  Jolyet  and  Blanche:    Arch,  de  physiol.,  T.  v,  p.  364,  1873. 
""MacMunn:    Dublin  Jour.  Med.  Scl.,  Sept.,  1879. 
"'Buxton:    Trans.  Odontol.  Soc.  of  Great  Britain,  vol.  xix,  1887. 

Kemp:    Johns  Hopkins  Univ.  Circ,  June,  1897. 
'!»' Cited  by  Wood:    Loc.  cit.,  thirteenth  edition,  p.  85,  1906. 
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ments  they  supply  are  inordinately  excited  as  long  as  the  blood 

remains  arterial.* 

Oliver  and  Sehafer"'  have  shown  that  the  adrenal  extract  power- 
fully contracts  the  blood-vessels.  Penetration  of  the  adrenal  secretion 
into  the  arteries,  as  stated  above,  must  therefore  not  only  raise  the 
arterial  pressure,  but  the  process  being  an  abnormal  one,  it  cannot  but 
present  unusual  characters.  Referring  to  his  own  elaborate  experi- 
ments, H.  C.  Wood'"  says  that  he  found  "that  the  inhalation  of  nitrous 
oxide  is  usually  followed  by  a  rise  of  arterial  pressure,  accompanied  by 
a  great  disturbance  of  the  pulse."  The  "rise  and  fall  of  the  arterial 
pressure"  was  found  to  "vary  remarkably,  not  only  in  different  inhala- 
tions, but  at  different  periods  of  the  same  inhalation.  Sometimes  the 
rise  was  sudden,  sometimes  it  was  gradual ;  sometimes  it  was  main- 
tained until  near  death;  sometimes  it  was  interrupted  very  early;  some- 
times it  was  not  very  well  marked;  sometimes  it  was  enormous."  The 
engorgement  of  the  cerebral  capillaries  is  well  known  by  the  fact  that 
Amory™  found  in  cerebrometric  experiments  in  dogs,  that  "there  is  dur- 
ing anaesthesia,  increased  blood-pressure  in  the  cerebrum  with  stasis  in 
the  capillaries."  This  morbid  rise  of  blood-pressure  and  the  resulting 
cerebral  hypersemia  may  cause  fatal  cerebral  haemorrhage  in  a  predis- 
posed subject,  as  shown  by  a  case  reported  by  Hare.'" 

Anaesthesia  of  the  peripheral  structures  occurs  before  nar- 
cosis is  complete  because  the  cutaneous  capillaries  are  invaded 
sooner  by  venous  blood  than  the  cerebro-spinal  cells.*  When 
narcosis  is  complete,  the  venous  blood  has  penetrated  the  cere- 
bral neurons,  and  by  lowering  their  metabolism  correspondingly 
inhibits  their  functional  activity.  An  artificial  sleep  is  thus 
produced.* 

The  pyramidal  cells  of  the  cortex,  we  have  seen,'"  alter  their  form 
during  sleep.  Goddard"'  found  that  in  puppies  decapitated  after  a 
night's  rest,  the  heads  dropping  at  once  in  fixing  solutions,  "it  was  diffi- 
cult to  find  a  single  varicosity  on  the  dendrites,"  while  in  very  sleepy 
and  tired  puppies,  a  cell  whose  processes  were  not  more  or  less  varicose 
could  hardly  be  found.  Demoor'"  noted  similar  effects  in  specimens  of 
gray  substance  from  a  morphinized  dog;  the  processes  or  gemmules  had 
disappeared,  while  a  specimen  taken  before  the  morphine  had  been  given 
was  covered  with  regularly  distributed  gemmules.  We  have,  evidently, 
in  these  processes,  manifestations  of  erethism.  As,  in  the  light  of  my 
views,  the  dendrites,  axis-cylinders,  fibrils,  etc.,  are  but  nervous  capil- 
laries, the  penetration  in  them  of  venous  blood  cannot  but  subdue  this 
erethism.  Goltstein  observed  that  the  spinal  reflexes  of  frogs  were 
reduced,  and  attributed  this  to  a  direct  action  of  the  nitrous  oxide;  but 
the  penetration  of  venous  blood  in  the  cellular  elements  finely  accounts 
for  this  phenomenon  without  granting  this  gas  direct  antesthetic  prop- 
erties.   Their  functions  are  merely  in  abeyance,  as  are  those  of  all  the 


*  Author's  conclusion. 

"1  Oliver  and  Schafer:    Loc.  cit. 

C.  Wood:   Loc.  cit.,  thirteenth  edition,  p.  84,  1906. 
i"Amory:    N.  Y.  Med.  Jour.,  Aug.,  1870. 
"*  Hare:   Therap.  Gaz.,  Dec.  15,  1896. 
"5  Cf.  vol.  1,  p.  521. 

"»Goddard:   Jour,  of  Compar.  Neurol.,  Nov.,  1898. 
ITT  Demoor:   Cf.  vol.  1,  p.  520. 
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cells  of  the  eerebro-spinal  axis.    "During  sleep,"  says  Landois,"-™  "there 

is   diminished   irritability   of   the   entire   nervous  system."  

"During  sleep  stronger  irritation  is  required  in  order  to  excite  reflexes." 

TTntoward  Effects. — Death  may  be  caused  in  two  ways, 

(1)  by  cardiac  arrest,  owing  to  the  resistance  imposed  upon  the 

cavities  of  the  heart  by  the  excessively  constricted  arteries,*  (2) 

by  respiratory  failure  owing  to  the  nonconversion  of  the  adrenal 

secretion  into  oxidizing  substance.* 

Oliver  and  Garrett^"  found  in  dogs  killed  with  nitrous  oxide,  that 
the  arteries  were  empty  and  the  veins  engorged.  This  is  readily 
accounted  for  by  the  marked  vasoconstrictor  action  of  adrenal  secretion 
which,  as  stated,  penetrates  the  arteries  without  being  converted  into 
the  adrenoxidase.*  The  blood  was  necessarily  forced  into  the  veins. 
The  same  experimenters  found  all  the  heart  cavities  distended — a  normal 
result  of  the  intense  back-pressure  imposed  upon  this  organ.  As  to  the 
second  cause  of  death,  i.e.,  the  non-formation  of  the  adrenoxidase,  Wood 
states,'™  referring  probably  to  his  experiments,  that  "death  always 
occurred  from  respiratory  paralysis,  the  heart  continuing  to  beat  power- 
fully after  respiration  had  ceased  and  the  arterial  pressure  had  fallen 
very  low."  The  heart  is  not  deprived  of  adrenal  secretion,  hence  its 
powerful  resistance;  the  respiratory  process  loses  its  aid,  however,  hence 
its  failure.    Oliver  and  Garrett  found  the  lungs  collapsed. 

The  treatment  of  nitrous  oxide  poisoning  is  described  in  a 
special  section  at  the  end  of  this  volume. 

Banger  Signals. — The  mortality  of  nitrous  oxide  is  prac- 
tically nil  (about  1  in  150,000),  owing  mainly  to  the  fact  that  it 
is  used  only  for  minor  operations,  the  extraction  of  teeth,  etc. 
As  it  unquestionably  produces  asphyxia,  its  prolonged  use  is  con- 
traindicated.  This  drawback  is  partly  overcome,  however,  by 
Cryer's  apparatus,  which  enables  the  patient  to  inhale  a  certain 
proportion  of  oxygen  along  with  the  nitrous  oxide  gas,  and  also 
to  administer  at  once  nothing  but  oxygen  when  danger  signals 
appear. 

*  Author's  conclusion. 

Landois:    Loc.  cit.,  tenth  edition,  p.  778,  1905. 

Oliver  and  Garrett:   Loc.  cit. 
ISO -Wood:    Loc.  cit.,  thirteenth  edition,  p.  86,  1906. 


CHAPTER  XXI. 


THE  INTERNAL  SECRETIONS  IN  THEIR  RELATIONS 
TO  PHARMACODYNAMICS  (Continued). 

REMEDIES   WHICH   DEPRESS   THE   FUNCTIONS   OF  THE 
ADRENAL,  VASOMOTOR  AND  SYMPATHETIC  CENTERS. 

All  the  drugs  analyzed  so  far  which  were  shown  to  pro- 
duce their  effects  by  influencing  nerve-centers,  were  found  to  do 
so  by  stimulating  those  centers.  Evidence  will  now  be  sub- 
mitted to  the  effect  that  by  means  of  other  remedies  we  can 
produce  a  contrary  action,  i.e.,  depress  these  identical  functions 
— profitably  where  excessive  erethism  prevails — each  agent 
described  being  likewise  capable  of  doing  so  in  a  characteris- 
tic manner. 

Even  the  test-organ  and  the  adrenal  center  can  thus  be  con- 
trolled through  our  drugs.  Indeed,  Nature  seems  to  have  pro- 
vided a  substance,  arsenic,  which,  merged  in  with  the  thyroi- 
dase  probably,  tends  to  reduce  markedly  its  sensitiveness. 
Whether  we  are  dealing  with  a  physiological  constituent  of  the 
body  or  not,  the  fact  remains,  that  it  is  found  normally  in  great- 
est quantity  in  the  thyroid  gland  and  that  it  antagonizes  directly 
the  action  of  thyroid  extract.  Whereas  the  latter  promotes  cata- 
bolism  and  emaciation,  arsenic  prevents  wear  and  tear  of  the 
tissue-cell.  Thyroid  breaks  down  fats;  arsenic  conserves  them. 
The  many  beneficial  effects  it  produces  in  cutaneous,  nervous, 
and  blood  diseases  are,  we  will  see,  accounted  for  by  this  one 
central  action. 

Another,  though  of  course  artificial,  agent  of  this  class 
is  chloral,  which  causes  sleep  by  rapidly  depressing  the  test- 
organ,  and  through  it  therefore,  general  metabolism.  The 
muscularis  of  all  vessels  being  the  seat  of  less  active  exchange, 
it  becomes  relaxed,  and  the  brain  being  deprived  of  some  of  its 
blood  owing  to  accumulation  of  the  latter  in  the  great  channels 
of  the  splanchnic  area,  sleep  is  promoted  not  only  because  of  the 
diminution  of  blood  in  it,  but  because  the  blood  itself  is  defi- 
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cient  in  adrenoxidase.  Here,  again,  marked  general  phenomena 
are  due  not  to  action  on  peripheral  structures,  but  upon  a  gen- 
eral center. 

Another  form  of  depression,  the  converse,  as  it  were,  of  the 
vital  erethism  procured  by  adrenal  extractives  and  antitoxin, 
is  that  caused  by  alcohol.  The  stimulating  property  with  which 
it  is  credited  is  an  artificial  and  ephemeral  phenomenon,  as  we 
will  see,  due  to  the  sudden  excess  of  heat  energy  developed  while 
it  is  being  oxidized  by  the  oxygen-laden  adrenoxidase.  The  pro- 
cess itself  brands  alcohol  as  a  depressant,  however,  since  it  is 
at  the  expense  of  the  tissues  that  it  robs  the  blood  of  this  gas. 
It  is  because  of  the  misinterpretation  of  the  role  of  energy  in 
the  organism  and  of  the  prevailing  misconception  of  the  nature 
of  the  vital  process,  that  it  is  regarded  as  a  food.  As  a  remedy 
it  has  but  little  claim  to  recognition :  beyond  the  spurt  of  pro- 
teolytic activity  acquired  by  the  blood's  trypsin  which  a  small 
dose  of  ethyl  alcohol  procures  by  liberating  heat-energy,  its 
trend  is  to  paralyze  the  body's  protective  functions,  as  shown 
in  various  ways. 

The  test-organ  is  not,  however,  the  only  center  whose  func- 
tions may  be  depressed  directly  or  indirectly  by  drugs.  As  stated 
by  Professor  Charles  Eichet,^  "all  toxics  (with  rare  exceptions, 
CO2,  for  instance,  and  a  few  other  haemoglobin  toxics)  are 
hardly  poisonous  otherwise  than  through  their  action  upon  the 
nerve-cell.  In  the  organism,  the  nerve-cell,  to  the  detriment  of 
other  cells :  muscular,  glandular,  epithelial,  is.  the  most  sensi- 
tive to  toxic  action.  These  laws  of  excitation,  then  of  depres- 
sion of  the  nerve-cell  by  poisons,  are,  therefore,  very  general 
and  applicable  to  almost  all  poisons."  This  does  not  necessarily 
mean  that  nerve-centers  are  alone  influenced  in  this  manner, 
but  it  is  self-evident  that  being  the  most  highly  organized  of 
nervous  structures,  they  should  prove  more  sensitive  to  the 
action  of  toxics  than  either  subsidiary  centers  or  ordinary  nerve- 
cells. 

Eichet  refers,  however,  to  the  secondary  depression  pro- 
duced by  excitants,  having  shown  in  1881  that  even  strychnine 
could  be  converted  into  an  anaesthetic  if  the  animal's  life  were 
prolonged  sufficiently  long.    It  is  probable  that  all  depressants 


1  Chas.  Rlchet:   "Dictlonnaire  de  Physiol,"  T.  Iv,  1900. 
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stimulate  primarily,  though  so  slightly  in  some  instances,  that 
the  effects  of  this  stimulation  are  not  perceived. 

The  mode  of  action  of  depressants  on  vascular  centers  is 
illustrated  by  the  effects  of  bromides  on  the  vasomotor  center, 
and  concomitantly,  doubtless,  upon  the  subsidiary  spinal  centers. 
Being  depressed  directly  by  these  salts,  the  general  center  allows 
the  vessels  of  the  entire  organism  to  dilate.  The  blood  being 
thus  caused  to  recede  from  all  peripheral  structures,  the  skin, 
cerebro-spinal  system,  etc.,  to  collect  in  the  great  central  chan- 
nels, the  "depressomotor"  influence  of  these  salts  becomes  self- 
evident.  By  this  depletion  of  the  peripheral  structures,  in- 
cluding the  pituitary  body,  the  functions  of  all  centers,  includ- 
ing the  adrenal  center,  are  likewise  depressed,  and  the  produc- 
tion of  adrenoxidase  being  correspondingly  reduced,  general 
nutrition  is  impaired.  Hence  the  trophic  disorders  of  bromism. 
We  have  here  much  the  same  process  as  that  awakened  by 
chloral,  but  brought  about  in  a  different  way.  The  therapeutic 
kinship  of  these  two  drugs  is  well  known. 

In  veratrum  viride  we  have  a  drug  very  similar  in  action 
to  the  bromides.  By  its  direct  and  depressing  action  on 
the  vasomotor  center,  it  lowers  the  arterial  tension  to 
such  a  degree,  that  it  "bleeds  the  patient  into  his  own  ves- 
sels." The  ischsemia  of  the  pituitary  body  and  the  skin  pro- 
duced by  large  doses,  so  inhibits  catabolism,  however,  that  toxic 
wastes  accumulate  in  the  blood,  including  that  circulating  in 
the  cerebro-spinal  system,  an  action  which  causes  a  rise  of  the 
blood-pressure.  We  thus  have  the  curious  example  of  a  drug 
which  in  therapeutic  doses  lowers  the  blood-pressure  and  in 
toxic  doses  raises  it.  thus  counteracting  its  own  physiological 
action — with  threatened  pituitary  and  cardiac  inhibition  if  pro- 
longed. 

Depression  of  the  sjonpathetic  center  is  illustrated  by 
three  well-known  agents,  prominent  among  which  is  aconite. 
The  general  dilation  of  the  arterioles  thus  produced  allows  an 
excess  of  arterial  blood  to  enter  the  capillaries  in  general. 
When  full  doses  are  given,  this  marked  though  passive  capillary 
hypergemia  excites  the  peripheral  end-organs  of  sensibility  and 
tingling  is  caused,  besides  flushing,  headache,  etc.  In  poisonous 
doses,  aconite  also  depresses,  then  paralyses,  the  test-organ  and 
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through  it  the  adrenal  center.  The  formation  of  adrenoxidase 
being  arrested,  the  patient  dies  asphyxiated. 

Amyl  nitrite  likewise  depresses  the  sympathetic  center, 
and  by  thus  causing  dilation  of  the  arterioles  causes  the  familiar 
flushing,  increased  heart-action,  etc.  It  differs  from  aconite  in 
that  when  given  in  large  doses  it  depresses  the  vasomotor  cen- 
ter, thus  causing  ischsemia  of  the  peripheral  organs  and,  there- 
fore, the  hypothermia  and  cyanosis  sometimes  witnessed.  The 
remarkable  benefit  amyl  nitrite  affords  in  angina  pectoris  finds 
its  explanation  in  the  reduction  of  vascular  tension  which  dila- 
tion of  all  the  arterioles  of  the  body  produces,  for  while  the 
volume  of  blood  admitted  into  the  capillaries  of  the  heart  is 
augmented,  the  pressure  behind  the  blood-columns  as  a  whole 
is  decreased.  Nitroglycerin  is  the  counterpart  of  amyl  nitrite 
as  to  physiological  action,  and  affords  an  admirable  means  for 
the  perpetuation  of  the  beneficial,  though  fugacious,  effects 
obtained  with  the  latter  remedy. 

Creosote  and  kindred  agents  are  shown  to  combine  two 
seemingly  antagonistic  actions,  viz.,  to  depress  the  sympathetic 
and  vasomotor  centers  and  excite  the  adrenal  center.  In  truth, 
this  is  but  a  normal  result  of  the  fact  that  these  remedies  are 
treated  as  foreign  and  harmful  agents  by  the  test-organ,  and 
that  it  incites  a  protective  reaction  which  entails  the  appear- 
ance of  an  excess  of  adrenoxidase,  and,  therefore,  of  auto-anti- 
toxin, in  the  blood.  The  beneficial  effects  of  therapeutic  doses 
are  readily  accounted  for  by  these  two  properties :  by  caus- 
ing a  vascular  relaxation,  creosote  not  only  counteracts  exces- 
sive vascular  tension — a  deadly  phenomenon  in  lobar  pneumonia, 
for  instance — but  the  blood  which  penetrates  through  the  di- 
lated arteries  into  the  diseased  areas  being  unusually  bactericidal 
and  antitoxic,  the  curative  process  is  directly  activated. 

ARSENIC. 

Physiologfical  Action. — Arsenic,  which,  like  other  remedies 
is  taken  up  by  leucocytes,  is  the  direct  (and  probably  the 
physiological)  antagonist  of  thyroidase  as  far  as  the  stimulat- 
ing influence  of  the  latter  on  the  test-organ  is  concerned.*  By 
depressing,  through  this  organ,  the  functional  activity  of  the 

*  Author's  conclusion. 
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adrenal  center,  it  restrains  the  production  of  adrenal  secretion 

and,  therefore,  the  formation  of  adrenoxidase.*    This  reduces 

general  oxygenation  correspondingly.* 

Besredka-  found  that  the  trisulphide  of  arsenic  when  injected  into 
the  peritoneum  of  rabbits  was  taken  up  by  leucocytes,  in  the  interior 
of  which  these  yellowish-red  grains  could  readily  be  seen  to  break  up 
into  smaller  granules,  and  then  to  disappear.  Gautier^  found  arsenic 
in  various  structures,  the  thyroid,  thymus,  mammary  gland,  the  skin, 
hair  and  nails  containing  the  most,  and  incorporated  with  the  nucleo- 
proteids  and  iodine.  It  will  doubtless  prove  to  be  a  component  of  thy- 
roidase.* 

The  constitutional  effects  of  arsenic  are  evidently  of  central  origin. 
"There  is  accord  between  the  experimenters  in  regard  to  the  cause  of 
the  final  arsenical  paralysis,"  writes  Wood,  "all  finding  that  it  is  pro- 
duced by  a  direct  action  of  the  poison  upon  the  nerve-centers."  As 
stated  by  Cushny,  paralysis  is  elicited  in  frogs  by  arsenic  "much  sooner 
than  by  arrest  of  the  circulation  by  excision  of  the  heart."  The  drug 
must,  therefore,  act  on  the  nerve-centers  from  the  start. 

That  it  is  the  adrenal  center  which  it  depresses  is  shown  by  the 
fact  that,  as  stated  by  Cushny,  "arsenic  lessens  oxidation  of  the  tissue." 
This  is  further  emphasized  by  the  observation  of  Bedart  and  Mabille^ 
and  Ewald^  that  it  antagonizes  the  eflFects  of  thyroid  extract,  which,  as 
we  have  seen,  powerfully  enhances  oxidation.  According  to  Hutchison," 
for  instance,  the  efifect  of  thyroid  extract  is  "to  increase  oxidation  in 
the  body;  it  makes  the  tissues,  as  it  were,  more  inflammable,  so  that 
they  burn  away  more  rapidly,"  a  conclusion  amply  sustained  by  evi- 
dence adduced  in  the  first  volume.  Conversely,  as  observed  by  Lauder 
Brunton,''  arsenic  interferes  with  normal  metabolism.  This  is  also 
sho^vn  by  the  fact  that  Chittenden  and  Cummins*  and  others  found  that 
it  reduced  the  excretion  of  carbon  dioxide. 

The  physiological  action  of  thyroidase  being  to  enhance 
catabolism  both  by  stimulating  the  test-organ  and  the  adrenal 
center,  arsenic,  as  the  antagonist  of  thyroidase,  opposes  cata- 
bolism, i.e.,  a  too  rapid  consumption  of  the  cellular  elements.* 
While,  therefore,  thyroid  extract  in  sufficient  doses  causes  emaci- 
ation, as  shown  by  its  action  in  obesity,  arsenic  provokes  the 
opposite  effect,  gain  in  flesh. 

The  general  effects  of  arsenic  on  nutrition  are  illustrated  by  the 
use  to  which  the  peasants  of  Styria,  Tyrol  and  Lower  Austria  put  it — 
the  men  to  increase  their  physical  activities,  the  women  to  enhance 
their  charms,  round  off  their  shape,  clear  their  complexion,  etc.  Their 
habitual  use  of  the  drug,  however,  engenders  tolerance,  i.e.,  habituation 
of  the  adrenal  center  to  its  presence  in  the  blood,*  and  increasingly 
large  doses  becomes  necessary  to  obtain  the  desired  effects.    They  thus 

*  Author's  conclusion. 
2  Besredka:    Ann.  de  I'Inst.  Pasteur,  T.  xiii,  pp.  49,  209,  1899. 
^Gautier:   Trans.  13tli  Inter.  Med.  Congress,  Sect.  Gen.  and  Exp.  Pathol., 
p.  545,  1900. 

*  Bedart  and  Mabille:    C.  r.  de  la  Soc.  de  biol.,  10  serie,  T.  v,  p.  556,  1898. 
SEwald:    Die  Therap.  d.  Gegenwart,  Sept.,  1899. 
»  Hutchison;    Brit.  Med.  Jour.,  July  16,  1898. 
'Lauder  Brunton:    Lancet,  May  4,  1901. 

8  Chittenden  and  Cummins:  Studies  Lab.  of  Physiol.  Chem.,  Yale  Univ., 
vol.  ii,  p.  200,  1887. 
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become  "arsenic-eaters."  As  shown  by  Cloetta,  however,  much  of  the 
arsenic  ingested  is  not  absorbed,  but  passes  out  with  the  faeces. 

Knapp°  has  witnessed,  and  brought  before  a  medical  meeting  a 
peasant  who  took  in  their  presence,  without  apparent  discomfort,  0.33 
gm.  (5  grains)  of  arsenous  acid.  This  does  not  seem  to  influence  the 
mortality  of  Styrian  peasants,  who,  in  fact,  live  to  old  age.  Gies'" 
found  that  fowl  could  also  be  made  to  ingest  large  doses,  if  gradually 
habituated  to  the  drug.  He  also  administered  minute  doses  to  some 
young  rabbits  several  weeks,  leaving  others  of  the  same  litter  untreated. 
The  treated  animals  became  larger  than  the  controls,  the  muscles,  bones, 
and  fat  being  better  developed.  Others  have  made  similar  observations. 
Stockman  and  Greig,"  however,  noted  only  an  increase  in  the  size  of 
the  bones.  It  is  well  known,  however,  that  animals  given  arsenic,  lay 
on  fat.  Lardelli'^  confirmed  this  observation  experimentally,  but  he 
found  also  that  the  increase  in  weight  was  due,  "in  great  part,"  to  the 
nitrogenous  constituents. 

In  skin  disorders,  arsenic  is  beneficial  because,  by  reduc- 
ing the  metabolic  activity  in  the  muscularis  of  arteries  it 
causes,  in  small  therapeutic  doses,  slight  general  vasodilation.* 
As  the  caliber  of  the  cutaneous  arterioles  is  likewise  increased, 
the  capillaries  of  the  skin,  among  others,  receive  a  greater  in- 
flux of  auto-antitoxin-laden  arterial  blood.  This  serves  not  only 
to  free  mechanically  the  cutaneous  intercellular  spaces  of  toxic 
wastes,  cellular  debris  and  other  pathogenic  substances  that  may 
be  present,  but  also  to  hasten  their  destruction  and  insure  their 
freer  transmission  to  the  general  blood-stream  where  they  are 
finally  broken  down  and  thus  converted  into  benign  and  elimin- 
able  excretory  products.* 

The  physiological  action  of  arsenic  thus  interpreted,  indicates  that 
it  should  not  be  used  when  the  cutaneous  disorder  present  is  attended 
with  acute  inflammation;  the  greater  influx  of  blood  in  the  capillaries 
of  the  skin  cannot  but  aggravate  such  a  condition  and  the  disease  itself. 

This  coincides  with  the  clinical  results  recorded  by  dermatolo- 
gists. Many  have  found  arsenic  harmful  during  the  earlier  stages  of 
cell  proliferation.  Duhring,  for  instance,  states  that  "it  should  not  be 
prescribed  where  there  is  great  heat,  burning,  intense  itching,  or  rapid 
cell-change.  It  is  not  only  of  no  benefit  at  this  stage,  but  in  most  cases 
it  is  positively  injurious,  tending  to  augment  the  activity  of  the  morbid 
process."  Brocq'*  emphasizes  the  importance  of  avoiding  its  use  in  the 
forms  of  eczema  and  other  disorders  attended  by  the  least  inflammatory 
phenomenon.  Shoemaker"  deems  it  valuable  only  in  the  absence  of 
irritation  and  inflammation.  In  chronic,  sluggish  processes,  however,  it 
is  of  great  value. 

The  vasodilation  produced  is  well  shown  by  the  fact  that  even 
therapeutic  doses  will  cause,  as  is  well  known,  oedema,  i.e.,  eflFusion  of 
blood-serum  through  the  walls  of  the  capillaries. 

•  Author's  conclusion. 

"Knapp:    Manquat:    Loc.  cit,  vol.  i,  p.  934. 
"Gies:   Arch.  t.  exper.  Path.  u.  Pharm.,  Bd.  vili,  S.  175,  1877. 
"  stockman  and  Greig:    Jour,  of  Physiol.,  vol.  xxiii,  p.  376,  1898. 
"Lardelli:    MUnch.  med.  Woch.,  Bd.  liii,  S.  2388,  1906. 
I'Brocq:    "Traits  d.  mal.  de  la  Peau,"  1890. 
"  Shoemaker:    "Mat.  Med.  and  Therap.,"  fifth  edition,  1901. 
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Untoward  Effects. — When  therapeutic  doses  are  begin- 
ning to  prove  toxic,  the  cutaneous  capillaries  among  others  be- 
come overburdened  with  blood,*  serous  effusion  into  the  con- 
nective tissue  occurs,  and  oedema  appears,  at  first  under  the 
eyes,  then  elsewhere  on  the  body.  The  force  of  the  pulse  is 
more  or  less  decreased,  and  the  vasodilation  being  general,  the 
rapidity  of  the  cardiac  contractions  is  increased  (Marey's  law). 
When  the  use  of  the  drug  even  in  small  doses,  is  persisted  in, 
some  or  all  of  the  symptoms  of  chronic  arsenical  poisoning 
appear. 

Chronic  Poisoning. — The  chronic  form  of  arsenic  poison- 
ing, due  to  the  absorption  of  very  small  particles  from  wall- 
paper, arsenical  paints,  stuffed  animals,  factories,  mines,  bev- 
erages, etc.,  illustrates  the  gradual  development  of  lesions  inci- 
dent upon  lowered  general  metabolism.  Increasing  weakness, 
gastric  dilation,  headache,  lachrymation.  congestion  of  the  con- 
junctiva, corj^za,  sneezing,  cough,  cardiac  dilation,  enlargement 
of  the  liver,  swelling  beneath  the  eyes  or  of  the  face  and  ex- 
tremities, all  point  to  a  general  relaxation  of  the  muscles,  in- 
cluding those  of  the  cardio-vascular  system.  Imperfect  cleav- 
age of  toxic  wastes  causes  the  appearance  of  eruptions  of  vari- 
ous kinds,  some  attended  by  intense  itching.  Bronzing  is  often 
witnessed  in  these  cases,  the  skin  falling  off  in  brownish  scales 
or  in  large  flakes.  Pallor  and  slight  cyanosis  are  also  frequently 
observed. 

Nervous  disorders  appear  in  practically  all  cases — sensory 
affections  especially,  varying  from  slight  parsesthesia  to  com- 
plete anaesthesia  due  to  imperfect  oxygenation  of  the  peripheral 
end-organs,  to  intense  headache,  neuralgia,  muscular  tenderness, 
pains  in  the  joints,  formication  of  the  lower  extremities,  and 
perversions  of  the  temperature  sense.  Erythromelalgia,  i.e., 
swelling,  redness,  and  hyperaesthesia  of  the  palms  and  soles, 
may  also  appear.  Motor  paralyses  are  met  with  in  a  large  pro- 
portion of  cases,  in  the  lower  extremities  especially,  recalling 
locomotor  ataxia,  and  are  often  preceded  by  the  sensory  phe- 
nomena. They  usually  begin  in  the  toes  or  fingers  and  are 
generally  symmetrical.  The  knee-jerks  may  be  exaggerated 
early  in  the  history  of  a  case,  but  when  paralysis  and  atrophy 


*  Author's  conclusion. 
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iippear,  they  are  absent.  Prolonged  intoxication  has  given  rise 
to  insanity  and  epilepsy,  and  to  a  state  of  mental  torpor  simulat- 
ing idiocy. 

All  these  morbid  phenomena  gradually  disappear  when  the 
patient  is  no  longer  exposed  to  the  effects  of  the  poison  and 
judiciously  treated,  provided  disintegration  of  the  muscular  tis- 
sue has  not  occurred. 

The  p<athology  of  chronic  arsenic  poisoning,  as  stated  by  Cushny, 
is  "still  obscure,"  but  its  nature — in  the  light  of  the  foregoing  analysis- — 
is  plainly  suggested  in  view  of  the  fact  that,  as  observed  by  Wood," 
"a  peculiar  brown  pigmentation  of  the  skin,"  i.e.,  a  light  bronzing,  "is 
almost  pathognomonic  of  chronic  arsenicalisni."  This  pigmentation  may 
even  be  generalized  as  shown  by  a  case  reported  by  J.  Sobel,'"  some 
regions,  the  anterior  and  posterior  surfaces  of  the  neck,  the  inner  sides 
of  the  thighs,  etc.,  being  "dark  brown."  Arsenic  inhibits  the  functions 
of  the  adrenal  system,  and  causes  general  vasodilation. 

The  lesions  found  in  the  spinal  cord  are  usually  ascribed  to  a 
"neuritis,"  a  "myelitis,"  or  the  cord  is  said  to  be  "inflamed."  When, 
however,  we  consider  that  these  conditions  are  said  to  be  observed  imme- 
diately after  death  from  acute  experimental  poisoning,  it  becomes  evi- 
dent, in  view  of  the  data  just  submitted,  that  the  condition  present  is 
misunderstood.  What  we  see  under  these  conditions  is  not  an  "in- 
flamed" cord  but  an  organ  the  vessels  of  which  are  dilated  precisely  as 
they  are  throughout  the  entire  body.*  In  more  protracted  cases  the 
vessels  are  said  to  be  surrounded  by  an  "exudation"  ascribed  to  a  so- 
called  "inflammatory  process ;  '  but  we  are  obviously  dealing  with  an 
accumulation  of  blood-fluids.  The  walls  of  the  vessels  are  said  to  be 
"thickened"  and  the  cellular  nervous  elements  "degenerated,"  but  these 
are  merely  morphological  alterations  due  to  engorgement  of  the  vasa 
vasorum  and  of  the  cellular  elements  themselves,  including  the  multi- 
polar cells,  due  to  the  one  morbid  effect  of  the  drug:  general  vaso- 
dilation. Even  the  widespread  "fatty  degeneration"  so-called  is  naught 
else,  as  we  have  seen  in  the  first  volume,  but  blood-serum  converted  into 
myosin.  Wonder  is  expressed  in  text-books  that  in  practically  all  cases, 
whether  due  to  acute  or  chronic  poisoning  and  even  in  paralytics  show- 
ing the  "reactions  of  degeneration,"  recovery  occurs  after  discontinuing 
the  use  of  the  drug.  This  result  becomes  a  normal  one,  however,  when 
absorption  of  extravasated  fluid  devoid  of  physiological  value  and  re- 
sumption of  vascular  tone  are  taken  into  account. 

Acute  Poisoning. — Arsenic,  i.e.,  arsenous  acid,  when  in  con- 
tact with  the  fluids  of  living  tissues,  i.e.,  the  blood-serum,  be- 
comes converted  into  arsenic  acid,  owing  to  the  presence  of  the 
oxygen-laden  adrenoxidase  in  these  fluids.*  Therapeutic  doses 
of  arsenic  on  reaching  the  stomach  become,  therefore,  markedly 
active  and  may  excite  gastro-intestinal  irritation. 

Adrenoxidase  is  a  constituent,  we  have  seen,  of  the  blood-serum, 
and  therefore  of  the  various  secretions.    Binz  and  Schulz"  found  that 


*  AutJwr's  conclusion. 

"  Wood:   Loc.  cit.,  p.  451,  eleventh  edition.  1900. 
"J.  Sobel:    Archives  of  Pediatrics,  Jan.,  1907. 

"Binz  and  Schulz:  Arch.  f.  exper.  Path.  u.  Pharm.,  Bde.  xi,  S.  200,  1879; 
xiv,  S.  345,  1881;  xxxvi,  S.  275,  1895. 
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albumin,  fibrin  and  blood  could  convert  arsenous  to  arsenic  acid,  and 
vice  versa,  the  brain,  liver,  pancreas  and  kidney  exercising  marked 
activity  in  this  process,  and  fats  none.  Cushny"*  also  deems  it  probable 
"that  the  oxides  of  arsenic  alone  are  capable  of  modifying  vital  func- 
tions." The  avidity  of  arsenic  for  oxygen  is  satisfied  as  soon  as  it 
reaches  the  oxygen-laden  fiuids  and  tissues,  and  the  violent  abstraction 
of  this  gas  from  the  latter  accounts  for  its  corrosive  action. 

It  is  owing  to  the  presence  of  adrenoxidase  in  the  fluids 
of  the  entire  alimentary  canal  that  a  poisonous  dose  of  arsenic 
may  cause  severe  pain  in  the  throat,  oesophagus,  stomach,  and 
abdomen,  nausea  and  vomiting,  and  organic  lesions,  i.e.,  conges- 
tion, ecchymoses,  erosions  attended  sometimes  by  haemorrhages.* 
Purging  is  likewise  the  result,  though  only  in  part,  of  the  violent 
intestinal  irritation.  Although  the  discharges  may  be  merely 
loose,  greenish,  or  yellow,  they  often  assume  the  aspect  of  the  rice- 
water  stools  of  Asiatic  cholera,  and  contain  minute  flakes  of 
mucous  membrane.  The  excessive  loss  of  fluid  may  then  entail 
diminution  or  suppression  of  urine. 

The  general  or  secondary  effects  of  the  poison  are  of  another 
order.  Arsenic  is  readily  absorbed  and  the  functional  activity 
of  the  adrenal  center  is  soon  depressed  and  finally  inhibited. 
Owing  to  the  more  or  less  advanced  adrenal  insufficiency  thus 
engendered,  the  heart's  action  and  the  pulse  become  weak  and 
small,  and  because  of  the  marked  general  vasodilation,  very 
rapid.  The  respirations  are  painful,  labored,  and  frequent — 
an  effort  to  compensate  for  the  paucity  of  adrenal  secretion 
available.  As  a  result  of  the  diminution  of  adrenoxidase  in  the 
blood  and  tissues  the  temperature  gradually  recedes,  the  ex- 
tremities and  body  become  very  cold — recalling,  with  the  con- 
comitant symptoms,  cramps,  etc.,  the  algid  stage  of  cholera. 
Gradually  as  the  blood  loses  its  oxygenizing  properties,  the  sur- 
face becomes  dark  and  cyanosed,  coma,  and  sometimes  convul- 
sions, supervene,  and  death  ends  the  patient's  intense  suffering. 

The  functions  of  the  adrenal  center  are  evidently  inhibited.  Thus, 
arsenic  may,  as  we  have  seen,  provoke  the  characteristic  symptoms  of 
Addison's  disease — progressive  wasting,  asthenia,  hypothermia,  general 
vasodilation,  etc.,  including  the  characteristic  pigmentation,  i.e.,  bronz- 
ing— all  of  which  often  disappear  when  the  use  of  arsenic  is  discon- 
tinued.   The  case  of  Enriquez  and  Lereboullet,"  Hutchinson,^"  Forster,'' 


*  Author's  conclusion. 

1^  Cushny:   hoc.  cit.,  p.  616,  fourth  edition,  1906. 

"  Enriquez  and  Lereboullet:   Gaz.  hebd.  de  med.  et  de  chir.,  July  6,  1S99. 

20  Hutchinson :    Arch,  of  Surg.,  vol.  v,  p.  339,  1894. 

21  Forster:   Berl.  klin.  Woch.,  Bd.  xxvii,  S.  1150,  1890. 
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Richardiere,-  Heuss,^'  Leszynsky,^*  and  many  others  reported,  afford  evi- 
dence to  this  eflfect. 

Subserous  ecchymoses  in  the  endocardium,  confined  to  the  left 
ventricle  in  eiglit  out  of  ten  cases  of  acute  arsenical  poisoning,  was 
observed  by  Powell,-'*  police  surgeon  in  Bombay. 

Moreover,  arsenic,  by  causing  ischeemia  of  the  pituitary,  deprives 
it  of  its  reflex  activity.* 

Boehm  and  Unterberger^  found  that  both  the  sensory  and  motor 
paths  of  the  upper  spinal  cord  failed  to  cause  the  usual  vasoconstric- 
tion. Such  was  also  the  case  after  Cyon  and  Massolongo  had  removed 
the  pituitary  body.  This  cannot  be  due  to  inability  of  the  paths  them- 
selves or  of  the  muscular  coats  of  the  arteries  (owing  to  inhibition  of 
their  metabolism)  to  react  under  the  influence  of  the  stimulus,  since 
the  authors  found  that  the  arteries  of  the  ear  of  the  same  animals  were 
still  constricted  sufficiently  to  cause  pallor  when  the  cervical  sympa- 
thetic was  stimulated.  Hence,  we  are  dealing  with  a  central  paralysis, 
in  accord  with  the  prevailing  view  among  therapeutists — but  of  a  cen- 
ter located  in  the  pituitary  body,  that  of  the  adrenals.  Pistorius" 
recently  argued  that  it  was  the  vasomotor  center  which  lost  it  control 
over  vessels,  but  as  shown  by  Boehm  and  Unterberger,  arsenic  is  first 
of  all  a  respiratory  poison — a  view  sustained  by  the  marked  inhibitory 
effect  of  arsenic  on  oxygenation,  a  process  governed  by  the  adrenal  cen- 
ter, i.e.,  the  thermic  center.* 

After  large  doses,  collapse  and  death  may  occur  suddenly 
within  twenty-four  hours,  the  case  lapsing  almost  from  the 
start  into  the  advanced  stage.  When  the  quantity  ingested  is 
not  great,  or  when  a  part  of  it  has  been  eliminated  by  vomiting, 
the  primary  symptoms  may  cease  and  the  patient  apparently 
improve.  In  many  instances,  however,  this  is  only  temporary ; 
a  recrudescence  of  the  symptoms  occurs,  more  intense  perhaps 
than  the  first,  but  often  accompanied  (as  a  result  of  the  cor- 
rosive action  of  the  poison  on  the  alimentary  canal)  by  fever, 
a  dry  tongue,  and  considerable  tumefaction  of  the  abdomen. 
Eruptions,  which  may  be  pustular,  papular,  vesicular,  or  pete- 
chial, are  often  witnessed  in  these  cases.  The  algidity,  the 
intense  dyspnoea,  cyanosis,  muscular  trembling,  cramps,  and 
other  characteristic  symptoms  of  a  primary  acute  attack  never- 
theless prevail  and  death  may  take  place  between  the  second  and 
sixth  day. 

Eecovery  in  such  cases  is  slow  and  is  usually  attended  by 
disorders  of  various  types :  of  the  stomach  and  intestines  owing 
to  the  local  lesions;  of  the  nervous  system  or  of  limited  por- 

*  Author's  conclusion. 

22  Richardiere:    Ann.  d.  derm,  et  syphil.,  3  serie,  T.  v,  p.  1296,  1894. 
23Heuss:    Corr.  f.  schweltz.  Aerzte,  Bd.  xxiv,  S.  301,  1894. 
=«Leszynsky:    N.  Y.  Med.  Jour.,  Mar.  23,  1889. 
2^  Powell:    Bombay  Med.  and  Phys.  See,  vol.  ix,  1905. 

2«  Boehm  and  Unterberger:  Arch.  f.  exp.  Path.  u.  Pharm.,  Bd.  ii,  S.  89, 
1874. 

2^  Pistorius:   Arch.  f.  exp.  Path.  u.  Pharm.,  Bd.  xvi,  S.  188,  1882. 
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tions  thereof,  sensory  or  motor,  due  mainly  to  trophic  changes 
during  the  wliole  process;  of  the  liver  and  kidneys  owing  to 
excess  of  toxic  substances  in  the  blood,  etc. 

In  the  epidemic  of  arsenical  poisoning  which  occurred  in  Man- 
chester a  few  years  ago  among  beer-drinkers,  E.  S.  Reynolds"*  found  a 
large  number  of  cases  of  peripheral  neuritis,  especially  among  women. 
In  many  of  the  cases  the  skin  of  the  armpits,  the  nipples  and  the 
genital  organs  "was  deeply  pigmented,  as  in  Addison's  disease."  Out 
of  a  series  of  253  eases  of  neuritis  collected  by  W.  Janowski,^'  136  were 
found  to  be  due  to  acute  arsenical  poisoning.  As  observed  by  Boehm 
and  Unterberger,  and  Pistorius,  in  poisoned  animals  even  such  large 
trunks  as  the  splanchnic,  which  at  first  transmitted  impulses,  failed 
to  do  so  later  on.  Impaired  metabolism  in  their  structure  is  a  normal 
result  of  adrenal  insufficiency  caused  by  arsenic.  It  is,  in  fact,  the 
main  initial  feature  of  the  post-acute  nervous  disorders,  when  all  nerv- 
ous elements  are  regarded  as  channels  for  oxygen-laden  blood-plasma.* 

The  treatment  of  arsenic  poisoning  is  described  in  a  special 
section  at  the  end  of  this  volume. 

Therapeutics. — The  manner  in  which  arsenic  produces  its 
beneficial  effects  in  certain  sMn  diseases  was  explained  on  page 
1303.  It  has  proven  equally  efficacious  in  pernicious  ancemia, 
a  disorder  due,  as  will  be  shown  elsewhere,  to  haemolysis  through 
excess  of  auto-antitoxin  and  adrenoxidase  in  the  blood.*  By  re- 
ducing the  activity  of  the  adrenal  center  and  the  production  of 
adrenoxidase,  arsenic  counteracts  this  morbid  phenomenon.* 
It  is  also  a  specific  in  chorea,  another  disorder  due  to  exces- 
sive metabolic  activity  resulting  in  uncontrollable  muscular 
activity.*  In  diabetes,  the  manner  in  which  arsenic  produces 
its  beneficial  effects  is  almost  self-evident:  we  have  seen  that 
this  disorder  is  due  to  excessive  activity  of  the  anterior  pituit- 
ary, manifested  through  the  test-organ  and  the  adrenal  center  ;* 
arsenic  by  depressing  the  activity  of  the  adrenal  center*  counter- 
acts the  morbid  process.  In  torpid  catarrhal  processes,  chronic 
rhinitis,  chronic  gastritis,  etc.,  and  in  persons  who  readily  "take 
cold"  and  whose  extremities  are  usually  hypothermic,  arsenic  is 
also  of  value,  owing  to  its  action  on  the  arterioles  of  the 
mucous  membrane  and  skin.  The  excess  of  the  arterial  blood 
admitted  into  the  capillaries  enhances  the  curative  process  by 
introducing  an  excess  of  auto-antitoxin  in  the  diseased  tis- 
sues,   and    relieves    the    superficial    hypothermia    and  ten- 


*  Author's  conclusion. 
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dency  to  "colds"  in  debilitated  individuals.*  It  is  also  because 
the  cutaneous  hypersemia  thus  produced  insures  an  increased 
supply  of  auto-antitoxin  in  the  superficial  tissues*  that  arsenic, 
as  stated  in  the  first  volume/"  protects  the  body  against  malaria, 
and  other  diseases  in  which  the  pathogenic  agent  is  introduced 
into  the  blood  by  the  sting  or  bite  of  insects,  infection  under 
these  conditions  depending  upon  the  antitoxic  activity  of  the 
cutaneous  blood.*  The  curative  action  of  arsenic  in  intermit- 
tent fever  is  likewise  due  to  the  accumulation  of  auto-antitoxin 
in  the  cutaneous  capillaries* — the  minute  channels  which 
Nature  utilizes  as  a  powerful  adjunct  to  the  liver  when  an 
exacerbation  of  defensive  activity,  "fever,"  becomes  necessary.* 

CHLORAL. 

Physiological  Action. — Chloral  causes  sleep  by  depressing 
directly  the  functional  activity  of  the  test-organ  and,  through  it, 
of  the  adrenal  center.  The  quantity  of  adrenal  secretion  pro- 
duced being  diminished,  less  adrenoxidase  is  formed  and  the 
metabolic  processes  in  general  become  less  active.*  The  brain, 
owing  to  the  great  volume  of  blood  it  contains,  is  one  of  the 
first  organs  to  feel  the  influence  of  lowered  oxygenation;  the 
gemmules  of  its  cellular  elements  are  retracted  and  compara- 
tively normal  sleep  is  produced  when  the  dose  is  not  excessive.* 
The  respirations,  the  cardiac  action  and  the  pulse  are  some- 
what slowed  and  the  temperature  is  slightly  lowered,  but  on 
awakening  from  four  to  eight  hours  after  ingesting  the  dose,  tTie 
patient  feels  about  as  usual,  though  perhaps  a  little  weary  and 
confused. 

That  chloral  is  absorbed  unchanged  in  the  blood  and  circulates 
as  such  is  now  generally  recognized.  Liebreich's  view,  that  it  is  split 
into  chloroform  and  sodium  formiate,  has  been  shown  by  Labbee,"^ 
Tomascewicz^^  and  others  to  be  erroneous.  It  is  not,  however,  by  a 
direct  action  on  the  blood  itself  that  it  acts,  for  Rajewsky^^  found  that 
the  drug  produced  its  typical  effects  on  a  frog  whose  blood  had  been 
replaced  by  salt  solution.  Nor  is  it  by  a  direct  action  on  the  motor 
nerves,  for  the  same  investigator  and  Labbfie  found  that  even  fatal 
doses  had  no  influence  on  these  structures.  Both  these  investigators 
traced  the  phenomena  witnessed  to  the  spinal  centers. 


*  Author's  conclusion. 
^0  Cf.  vol.  i,  p.  769. 

31  Labbee:    Arch.  gen.  de  m§d.,  vol.  xvi,  p.  330,  1870. 

S2  Tomascewlcz:   Arch.  f.  d.  ges.  Physiol.,  Bd.  ix,  S.  35,  1874. 

83RaJewsky:   Centralbl.  f.  d.  med.  Wissen.,  Bd.  viil,  S.  211,  1870. 


CHLORAL. 


1319 


The  prevailing  view  is  that  chloral  paralyzes  the  respiratory  cen- 
ter. Although,  as  observed  by  Loewy,^^  there  is  practically  no  diflfer- 
ence  between  normal  sleep  and  the  effect  of  a  therapeutic  dose  in  this 

particular,  Cushny^'^  states  that  "as  the  dose  is  increased  ,  the 

respiration  becomes  very  slow  and  weak,  and  finally  ceases  from  par- 
alysis of  the  center."  Even  therapeutic  doses,  as  observed  by  DaCosta'° 
and  others,  reduce  the  temperature.  When  the  doses  are  large,  this 
reduction  may  become  very  marked.  Thus,  B.  Ward  Richardson" 
observed  a  reduction  of  10.8°  F.  (6°  C. )  in  the  rabbit.  Hammarsten^ 
obtained  a  similar  reduction  in  one  hour,  "though  the  animals  were 
well  wrapped  up  and  laid  in  a  warm  place."  This  is  evidently  due  to 
deficiency  of  oxygen-absorbing  power  of  the  blood,  for  ttie  air  utilized 
is  considerably  reduced.  Thus  Wood  and  Cerna'"  found  experimentally 
that  the  reduction  in  the  amount  of  inspired  air  produced  by  large 
doses  was,  in  many  instances,  50  per  cent.,  and  that  sometimes  it 
amounted  to  75  per  cent.  These  experiments  demonstrated,  in  their 
opinion,  that  in  the  dog,  chloral  was  a  true  respiratory  depressant. 
Again,  the  effects  of  chloral  in  man  being  similar  to  those  exerted  upon 
the  dog,  they  conclude  that  in  human  beings  chloral  likewise  paralyzes 
the  respiratory  centers.  H.  W.  Mitchell"  refers  to  a  ease  in  which  the 
oxygenation  of  the  blood  was  sufficiently  impaired  to  produce  cyanosis. 
Wood  concludes,*"-  in  view  of  Rajewsky's  experiments,  that  "the  influence 
of  chloral  must  be  exerted  upon  the  respiratory  center  at  the  6rt.se  of 
the  brain."  All  these  observations  harmonize  with  those  of  Richet," 
who  found  that  chloral  greatly  reduced  the  excretion  of  carbon  dioxide, 
and  with  those  of  Germain  S6e"  and  others,  who  ascribe  to  chloral  a 
paralyzing  action  on  the  "thermic  centers" — also  thought  to  be  at  the 
base  of  the  brain.  As  I  have  pointed  out,"  the  thermic  center  is  the 
adrenal  center. 

As  the  paralysis  of  the  adrenal  center  becomes  more  marked 
gradually  as  the  dose  is  increased,  the  oxygenization  of  the 
tissues  is  correspondingly  lowered  and  the  functional  activity  of 
all  organs,  including  the  muscular  layer  in  the  walls  of  the  ves- 
sels and  the  cardiac  muscle,  is  lowered  in  proportion.*  Gen- 
eral vasodilation  occurs  as  a  normal  result.*  This  feature  of 
the  action  of  chloral  renders  the  use  of  large  doses  dangerous. 

Large  therapeutic  doses,  by  augmenting  the  adrenal  insuffi- 
ciency and  causing  marked  general  vasodilation,*  produce  a 
deep  sleep  which  lasts  twelve  to  eighteen  hours,  and  from  which 
the  patient  can  only  be  awakened  with  considerable  difficulty. 
All  functions  being  to  a  certain  extent  impaired  by  the  paucity 


•  Author's  oonrlusion. 

^Loewy:    Pfluger's  Arch.,  Bd.  xlvii,  S.  601,  1890. 
^Cushny:    Lor.  cit.,  p.  188,  fourth  edition,  1906. 

DaCosta:    Cited  by  Wood:   Lnc.  cit.,  p.  149,  thirteenth  edition,  1906. 
2' B.  Ward  Richardson:    Med.  Times  and  Register,  Sept.  4,  1869. 

Hammarsten:    Cited  by  Wood:    Loc.  cit.,  p.  149,  thirteenth  edition,  1906. 
="  Wood  and  Cerna:    Jour,  of  Physiol.,  vol.  xili,  p.  870,  1892. 
*»H.  W.  Mitchell:    Boston  Med.  and  Surg.  Jour.,  Jan.  31,  1907. 
*iWood:    Loc.  cit.,  p.  149,  thirteenth  edition,  1906. 

*2  Richet:    Arch,  de  Physiol,  norm,  et  path.,  5  serie,  T.  ii,  p.  221,  1890. 
"Germain  See:    C.  r.  de  I'Acad.  de  med.,  July  22,  1890. 
"  Of.  this  volume,  p.  1008. 
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of  adrenoxidase  in  the  blood,*  the  respirations  are  reduced,  the 
pulse  becomes  weak,  and  reflex  activity  is  markedly  diminished. 
The  reduction  of  the  blood  circulating  in  the  cutaneous  capil- 
laries, supplemented  by  the  deficient  oxygenizing  power  of  the 
blood,  not  only  gives  rise  to  partial  anaesthesia  of  the  surface, 
but  also  to  a  great  reduction  of  the  peripheral  temperature. 
The  awakening  after  such  a  dose  is  often  attended  with  marked 
evidence  of  general  disturbance;  i.e.,  mental  torpor,  confusion, 
headache  and  sometimes  nausea  and  vomiting. 

General  vasodilation  is  a  well-known  feature  of  the  action  of 
chloral.  Demarquay*'  long  ago  observed  that  it  caused  in  animals,  not 
only  vasodilation,  but  also  engorgement  of  all  vessels.  Kobert^"  was 
led  experimentally  to  conclude  that  it  caused  paralysis  of  the  vascular 
walls.  As  Labbee  and  other  investigators  noted  that  the  rabbit's  ear 
grew  pale  after  its  use,  the  general  vasodilation  had  evidently  caused 
recession  of  the  blood  into  the  great  central  trunks,  thus  tending  to 
deplete  the  brain  and  the  peripheral  capillaries.  This  accounts,  with 
the  lowered  oxygenizing  power  of  the  blood,  for  the  fact,  mentioned  by 
Cushny,"  that  "the  motor  areas  are  rendered  less  irritable  by  chloral, 
and  eventually  fail  to  react  to  the  strongest  electrical  stimulation."  It 
also  explains  the  mental  torpor  and  the  partial  ansesthesi  Even 
relatively  small  doses  will  cause  relaxation  of  the  arteries  as  observed 
by  Labbee.  Rajewsky,  moreover,  observed  that  small,  as  well  as  large, 
doses  reduced  the  blood-pressure. 

In  some  instances,  a  therapeutic  dose  causes  flushing  of  the 
face,  hyperaesthesia,  restlessness,  excitement  and  even  delirium 
with  hallucinations.  This  efPeet  is  due  to  the  relaxation  of  the 
arterioles.*  A  greater  quantity  of  arterial  blood  being  admitted 
into  the  cutaneous  and  cerebral  capillaries  than  usual,*  a 
period  of  morbid  activity  follows. 

Arloing  found  not  only  that  the  small  vessels  were  dilated  but  that 
the  supply  of  blood  in  the  peripheral  tissues  was  increased.  This  condi- 
tion doubtless  prevails  in  the  deeper  organs,  including  the  cord,  for 
Rajewsky^  observed  reflex  irritability  in  frogs  and  that  at  this  time 
the  spinal  ganglia  were  overexcitable.  Moreover,  Levinstein"  observed 
a  rise  of  temperature  followed  by  marked  fall.  Some  investigators, 
having  noted  sphygmographically  an  increase  in  size  of  the  limb  im- 
mersed, concluded  that  chloral  increased  the  arterial  pressure.  But  a 
similar  effect  is  produced  when  the  peripheral  capillaries  are  dilated 
passively  by  unusual  dilation  of  their  arterioles.  Cerna,  working  in 
Wood's  laboratory,  found  it  impossible  to  raise  the  blood-pressure  in 
curarized  dogs,  with  any  dose  of  chloral.  Even  with  the  sphygmograph, 
Preisendorfer™  found  that  the  supposed  period  of  preliminary  rise  was 

♦  Author's  conclusion. 

*5  Demarquay:   Bull.  gen.  de  thgrap.,  med.  et  chir.,  T.  Ixxvii,  p.  307,  1869. 

«» Robert:    Therap.  Gaz.,  Jan.  15,  Feb.  15,  June  15,  1887. 

*'  Cushny:    Loc.  cit.,  p.  187,  fourth  edition,  1906. 

*8  Rajewsky:    Centralbl.  f.  med.  Wissen.,  Bd.  viii,  S.  261,  1870. 

"Levinstein:    Lancet,  Feb.  21,  1874. 

"«*  Preisendorfer:    Deut.  Archiv  f.  klin.  Med.,  Bd.  xxv,  S.  48,  1880. 
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followed  by  a  steady  decline  of  blood-pressure,  while  Andrews  and 
DaCosta'^  ascertained  that  very  large  doses  "decidedly  lessen  arterial 
pressure.' 

A  toxic  dose  tends  to  paralyze  the  adrenal  center  and  to 
arrest  therefore  the  functions  of  the  adrenals,  and  tlie  formation 
of  adrenoxidase*  It  tends  to  kill,  therefore,  by  paralyzing  the 
respiratory  function.*  The  patient  sinks  into  a  profound  sleep 
from  which  it  is  practically  impossible  to  awaken  him,  the  skin, 
owing  to  the  morbid  condition  of  the  blood,  being  absolutely 
insensible.  The  pupils  are  widely  dilated  and  the  muscles  are 
completely  relaxed.  The  heart  having  lost  the  sustaining  aid 
of  the  adrenal  secretion  and  being  nourished  with  blood  deprived 
of  its  main  constituent,*  becomes  steadily  weaker  and  more 
irregular,  the  pulse  presenting  the  same  character.  The  tem- 
perature steadily  declines  and  the  respirations  become  gradually 
slower  and  irregular  until  they  cease,  death  occurring  from 
asphyxia.  The  heart  continues  to  beat  a  short  time,  stopping 
in  diastole.  Occasionally,  however,  respiration  and  cardiac  ac- 
tion cease  together. 

The  diminution  of  adrenal  secretion,  i.e.,  adrenoxidase,  being  the 
cardinal  factor  of  the  morbid  process,  it  becomes  a  question  whether 
chloral  actually  reduces  its  production.  B.  Ward  Richardson'^'  found 
that  this  drug  reduced  the  coagulability  of  the  blood — a  morbid  phe- 
nomen  due,  we  have  seen,  to  diminution  of  fibrin  ferment.  As  previously 
shown,  this  body  is  adrenoxidase.*  Now  Model"  observed  that  chloral 
predisposed  to  haemorrhage — a  phenomena  due  to  reduced  coagulability 
of  the  blood — while,  on  the  other  hand,  Duncanson'^^  and  Lange'"  found 
that  adrenal  extract  (which  becomes  adrenoxidase  in  the  blood)  con- 
trolled the  hffimorrhages  of  haemophilia,  a  condition  due  to  deficiency  of 
fibrin-ferment. 

Again,  we  have  seen,  that  removal  of  the  adrenals  or  ligation  of 
their  efferent  vessels  causes  a  rapid  reduction  of  the  blood-pressure  and 
of  the  temperature,  ending  in  death,  the  characteristic  phenomena  of 
chloral  poisoning.  This  is  surely  due  to  the  fact  that  the  blood  is 
deprived  of  the  adrenal  secretion,  for  Strehl  and  Weiss,"  after  removing 
one  adrenal,  found  that  they  could  control  the  temperature  and  the  blood- 
pressure  at  will  by  pinching  and  releasing  the  efferent  vessels  of  the 
remaining  adrenal.  Now,  when  chloral  has  brought  an  animal  to  the 
verge  of  death,  adrenal  extract  immediately  counteracts  the  lethal  condi- 
tion. Gottlieb'^'  "chloralized  rabbits  until  the  heart  beats  became  irregu- 
lar and  excessively  slow.  An  injection  of  suprarenal  extract  at  once 
restored  the  regularity  and  volume  of  the  pulse.    He  tried  the  same 

*  Author's  conclusion. 

"DaCosta:    Amer.  Jour.  Med.  Sci.,  Apr.,  1870. 

^  Cited  by  Wood:    Loc.  cit.,  p.  148,  thirteenth  edition,  1906. 

^  B.  Ward  Richardson :   Loc.  cit. 

"Model:    Munch,  med.  Wochen.,  Bd.  xlvii,  S.  1739,  1900. 
^^Duncanson:    Brit.  Med.  Jour.,  Feb.  21,  1903. 
6«Lange:    Miinch.  med.  Woch.,  Bd.  1,  S.  62,  1903. 

"  Strehl  and  Weiss:    Arch.  f.  d.  ges.  Physiol.,  Bd.  Ixxxvi,  S.  107,  1901. 
^Gottlieb:    Arch.  t.  exp.  Path.  u.  Pharm.,  Bd.  xxxviii,  S.  99,  1896. 
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experiment  when  the  pulse  was  no  longer  registrable  by  the  manometer; 
a  similar  result  was  obtained,  and  the  heart  almost  immediately  resumed 
its  normal  action."  Here  the  adrenal  secretion  became  converted  into 
adrenoxidase  and  thus  supplied  the  blood  for  a  short  time  with  its 
pabulum  vitw — in  lieu  of  the  animal's  own  adrenals,  inhibited  through 
paralysis  of  its  center  by  the  poison. 

Chronic  Poisoning. — The  prolonged  use  of  chloral  hydrate 
provokes  phenomena  due  to  continued  depression  of  the  adrenal 
center,  lowered  metabolism,  and  the  resulting  general  vasodi- 
lation.* 

Respiratory  disorders  are  frequently  observed.  The  most 
prominent  symptom  is  dyspnoea  due  to  the  diminution  of  adren- 
oxidase in  the  blood.*  This  may  be  severe  and  even  alarming 
when  the  general  vasodilation  becomes  sufficient  to  slow  the 
circulation,  and  when  the  right  heart,  owing  to  the  inadequate 
supply  of  adrenal  secretion  and  adrenoxidase,*  becomes  feeble. 
The  dilated  capillaries  allowing  the  blood  fluids  to  traverse  their 
walls  with  unusual  facility,  oedema  may  occur  into  the  mucous 
membranes,  skin,  or  deeper  organs.  Mental  disorders  are  also 
witnessed  in  some  cases  in  the  form  of  intellectual  torpor,  loss  of 
memory,  or  impulsive  illusions  and  hallucinations  due  to  fluctu- 
ations in  the  caliber  of  the  vessels  and  the  quantity  of  blood  sup- 
plied to  the  brain.  If  the  use  of  the  drug  be  stopped  suddenly, 
the  vasomotor  nerves  soon  resume  the  ascendency  over  the  ves- 
sels, and  the  brain,  receiving  an  influx  of  blood  containing  a 
greater  supply  of  adrenoxidase,  becomes  overactive.  Manifesta- 
tions resembling  delirium  tremens  may  appear  under  such  con- 
ditions. Cutaneous  disorders  are  frequently  observed.  These 
are  mainly  due  to  the  accumulation  of  wastes  in  the  blood,  owing 
to  its  reduced  catabolic  activity,  and  to  the  reduced  propulsive 
vigor  of  the  blood-stream  which  the  vasodilation  involves. 
They  may  assume  the  form  of  erythema,  eechymoses,  petechias, 
or  of  ephemeral  red  patches,  either  in  the  skin  or  mucous  mem- 
branes. The  lesions  sometimes  cause  considerable  trouble,  how- 
ever, ulceration,  fever  and  pysemic  toxaemia. 

H.  W.  Mitchell'  reported  an  interesting  case  which,  as  he  says, 
"illustrates  the  resemblance  between  alcohol  and  chloral  delirium."  The 
mental  disorder  became  so  marked  that  the  patient  had  to  be  placed  in 
an  asylum.  Withdrawal  of  the  drug,  stimulation,  forced  feeding,  hydro- 
therapeutic  measures,  with  a  hypnotic  the  first  three  nights,  were  fol- 


*  Author's  conclusion. 
^W.  H.  Mitchell:   Loc.  oit. 
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lowed  by  complete  recovery.  The  author  refers  to  Elliott,™  who  states 
that  "there  was  no  appreciable  difference  in  delirium  tremens  resulting 
from  the  use  of  alcohol  or  chloral." 

The  treatment  of  chloral  poisoning  is  described  in  a  special 
section  at  the  end  of  this  volume. 

Therapeutics. — Chloral  is  mainly  used  in  insomnia,  espe- 
cially when  associated  with  nervous  irritability.  Its  great 
value  in  this  connection  is  due  to  the  fact  that  by  lowering 
metabolic  activity  it  depresses  the  functions  of  all  cellular  ele- 
ments including  those  of  the  nervous  system,  in  which,  we  have 
seen,  adrenoxidase  likewise  circulates.*  The  slight  fall  of  blood- 
pressure  which  the  lowered  metabolism  in  the  muscularis  of  the 
vessels  causes  when  therapeutic  doses  are  given,  promotes  isch- 
aemia  of  the  cerebro-spinal  system  and  facilitates  the  soporific 
effects.*  Its  influence  on  pain  (which  is  due  to  hyperaemia  of 
the  sensory  terminals*)  is  slight,  however,  because  the  dila- 
tion of  the  arterioles  caused  by  the  remedy  allows  an  excess 
of  blood  to  penetrate  the  capillaries,  thus  offsetting  what  anal- 
gesic effect  the  lowered  metabolism  in  the  cellular  elements 
might  otherwise  procure.*  The  recognized  value  of  chloral  in 
chorea,  paralysis  agitans  and  urcemic  convulsions  as  a  palliative 
is  also  due  to  its  depressing  influence  on  the  vital  and  vascular 
mechanism,*  which  in  these  conditions  are  both  overactive.* 
This  applies  as  well  to  puerperal  eclampsia,  epilepsy,  hydro- 
phobia and  infantile  convulsions,  in  all  of  which  chloral  is  fre- 
quently used;  but  it  should  be  remembered  that  it  is  by  no 
means  a  curative  remedy*  and  that  it  tends,  like  all  depressants, 
to  promote  the  formation  of  the  toxic  wastes  which  act  as  spas- 
mogenic agents.* 

DRUGS  WHICH  RESEMBLE  CHLORAL  IN  THEIR 
PHYSIOLOGICAL  ACTION. 

Paraldehyde  acts  much  as  does  chloral.  It  primarily 
lowers  the  functional  activity  of  the  adrenal  center,  and  by  thus 
indirectly  reducing  the  proportion  of  adrenoxidase  in  the  blood, 
correspondingly  inhibits  metabolism  in  all  tissues.  As  a  result 
the  muscular  layer  of  the  vessels  is  relaxed  and  general  vaso- 
dilation, though  not  so  marked  as  in  the  case  of  chloral,  follows. 


*  Author's  conclusion. 
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The  sleep  produced  by  therapeutic  doses  usually  comes  on  within 
five  minutes.  It  is  not  attended  by  anaesthesia,  but  resembles 
that  caused  by  chloral,  being  calm  and  restful,  and  usually  lasts 
five  or  six  hours.  It  is  likewise  due  to  diminished  metabolic 
activity  in  the  cerebral  nervous  elements,  and  its  effects  are 
more  marked  in  normal  than  febrile  subjects.  Occasionally, 
especially  in  the  latter,  it  provokes  unpleasant  dreams  and  night- 
mares, and  flushing,  owing  to  a  slight  dilation  of  the  arterioles 
and  the  admission  in  the  cerebral  and  peripheral  capillaries 
of  a  slight  excess  of  arterial  blood  over  that  compatible  with 
normal  sleep.  As  a  rule,  the  awakening  is  not  followed  by  un- 
toward symptoms;  at  times,  however,  depression,  mental  tor- 
por, and  lack  of  energy  are  complained  of. 

A  toxic  dose  produces  general  muscular  relaxation  and 
unconsciousness  and,  sometimes,  cyanosis.  The  cardiac  contrac- 
tions and  the  pulse  become  gradually  weaker  and  intermittent. 
The  respirations,  at  first  rapid,  soon  become  shallow  and  irregu- 
lar, and  death  occurs  from  asphyxia.  The  symptoms  that  appear 
in  paraldehyde  habitues  are  similar  to  those  observed  in  the 
chronic  form  of  chloral  poisoning,  and  likewise  include  emacia- 
tion, great  muscular  and  cardiac  weakness,  and  mental  disorders. 
These  are  sufficiently  severe  in  some  cases,  that  it  becomes  neces- 
sary to  place  the  patient  under  restraint. 

Sulphonal. — Besides  lowering  the  functional  activity  of  the 
adrenal  center,*  sulphonal  tends  to  decompose  the  haemoglobin, 
as  shown  by  the  many  cases  in  which  haematoporphyrin,  i.e., 
iron-free  haematin,  is  found  in  the  urine.  Any  drug  capable  of 
such  an  action  cannot  but  undermine  the  health.  Preference 
should  be  given,  therefore,  to  chloral  or  paraldehyde. 

In  therapeutic  doses  sulphonal  produces  apparently  normal 
sleep  of  several  hours'  duration,  from  which  he  may  awaken  in 
his  usual  condition.  Not  infrequently,  however,  he  experiences 
mental  torpor,  some  lassitude,  and  perhaps  vertigo.  If  the  use 
of  the  drug  is  prolonged,  it  may  give  rise  to  general  weakness, 
principally  of  the  lower  extremities,  and  sometimes  to  faintness, 
nausea,  vomiting  and  serous  diarrhoea.  When  large  doses  are 
used,  the  foregoing  symptoms  may  more  or  less  suddenly  be 
accompanied  by  more  serious  ones.  Eespiratory  phenomena, 
the  salient  features  in  acute  cases,  then  appear:  the  face  and 
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body  become  cold  and  livid,  the  lips  and  nails  cyanosed,  the 
respirations  reduced  in  number  and  shallow,  and  the  heart's 
action  feeble  and  intermittent. 

In  acute  poisoning  met  with  in  subjects  addicted  to  the 
drug  or  others  to  whom  it  has  been  administered  some  time, 
premonitory  symptoms,  such  as  colic  about  the  epigastrium, 
vomiting,  diarrhoea,  or  obstinate  constipation,  a  papular  erup- 
tion and  marked  weakness,  may  appear ;  but  such  is  seldom  the 
case  in  neurasthenics.  In  these,  which  constitute  the  majority 
of  cases,  the  acute  symptoms  usually  appear  suddenly  and  ter- 
minate fatally. 

Trional. — Trional,  which  is  very  similar  to  sulphonal 
chemically,  resembles  it  also  in  its  physiological  effects.  Its 
depressing  action  upon  the  adrenal  center  is  more  marked,* 
however,  while  its  dissociating  effect  upon  the  haemoglobin  is 
probably  less  active.  It  is,  therefore,  somewhat  more  powerful 
as  an  hypnotic,  and  when  acute  symptoms  of  poisoning  occur, 
the  chances  of  recovery  are  greater,  and  are  not  as  likely  to 
appear  after  one  or  two  doses.  The  majority  of  cases  of  poison- 
ing occur  in  persons  who  have  taken  the  drug  some  time. 

The  symptoms  due  to  toxic  doses  are  often  initiated  by 
colic,  persistent  nausea  and  vomiting,  and  diarrhoea,  owing  to 
a  sudden  relaxation  of  the  vessels  and  outpouring  of  blood-fluids 
into  the  alimentary  canal.  This  is  usually  followed  by  obsti- 
nate constipation  due  to  paresis  of  the  intestinal  muscles — a 
paresis  witnessed  in  various  parts  of  the  body,  particularly  the 
extremities.  The  heart's  action  and  the  pulse  now  become  very 
weak  and  rapid,  and  dilation  murmurs  are  sometimes  discernible 
over  the  mitral  and  aortic  valve-signs — signs  of  impending 
heart-failure.  Eespiratory  disturbances  occur  concomitantly ; 
the  lips  and  nails  may  become  cyanosed  and  the  patient  lapses 
into  coma.  Death  occurs  most  frequently  in  cases  in  which 
hsematoporphyrin  is  found  in  the  urine.  But  large  quantities 
of  urobilin  and  bilinibin  are  still  worse  as  prognostic  signs, 
since  they  indicate  that  the  disintegration  of  haemoglobin  has 
reached  its  most  advanced  stage. 
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Physiological  Action. — The  effects  of  alcohol  upon  the  ali- 
mentary canal  vary  with  the  proportion  contained  in  the  ingesta. 
When  the  latter  contain  less  than  five  per  cent,  of  absolute  alco- 
hol, the  secretory  activity  of  the  salivary  gastric  glands  is  in- 
creased reflexly  and  the  digestive  process  is  either  stimulated 
and  facilitated,  or  unimpaired.  When,  on  the  other  hand,  this 
proportion  is  exceeded,  the  digestion  is  not  facilitated  and 
may  be  delayed.  A  beverage  containing  ten  per  cent,  of  abso- 
lute alcohol  and  above,  interferes  with  the  digestive  process  in 
proportion  as  the  percentage  is  high,  by  inhibiting  the  diastatic 
and  proteolytic  activity  of  the  gastric  juice. 

The  experiments  of  Buehner,""  Chittenden  and  Mendel,"  Storek'^ 
and  others,  have  shown  that  when  there  is  not  more  than  five  per  cent,  of 
absolute  alcohol  in  the  beverages  ingested,  the  salivary  digestion  is 
enhanced,  but  that  a  higher  proportion  of  alcohol  tends  to  delay  the 
process,  especially  when  it  exceeds  10  per  cent.  Chittenden,  Mendel 
and  Jackson"  ascribe  the  increased  flow  of  saliva  to  reflex  action,  pro- 
voked by  the  irritation  of  the  alcohol  on  the  oral  nerve  endings. 

Gastric  digestion  is  correspondingly  influenced.  The  stimulating 
action  of  small  quantites  of  alcohol  is  emphasized  by  the  observation 
of  Nothnagel  and  Rossbach"^  that  a  single  drop  injected  into  the  stomach 
of  a  dog,  through  a  gastric  fistula,  suffices  to  provoke  a  flow  of  gastric 
juice  through  the  cannula.  Chittenden,  Mendel  and  Jackson,  Radzikow- 
ski""  and  others  also  found  that  alcohol  in  moderate  doses  markedly 
increased  the  secretion  of  gastric  juice,  its  proteolytic  activity  and  the 
proportion  of  hydrochloric  acid.  Richet"  likewise  observed  that  it  in- 
creased the  acidity  of  the  gastric  juice.  Similar  eiTects  are  obtained, 
as  shown  by  Froum,  Moulinier,  and  Spiro,"  when  alcohol  is  administered 
by  enema  and  when,  as  observed  by  Grenet,""  it  is  injected  into  the  blood. 
Elliston™  found,  moreover,  that  after  the  ingestion  of  small  doses  the 
increased  secretion  of  gastric  juice  continued  much  longer  than  when 
none  had  been  administered. 

The  pernicious  influence  of  a  large  percentage  of  alcohol  in  the 
ingesta  is  no  less  evident.  Claude  Bernard  has  shown  that  strong  doses 
of  alcohol  coagulate  the  gastric  secretion  and  its  ferments.  Gluzinski" 
foimd  that  they  impaired  the  digestion  of  albumins,  the  digestion  being 
retarded.  Two  ounces  of  brandy  taken  before  or  during  a  meal,  inhibit 
the  digestion  of  starches.  Taken  after  meals  this  quantity  inhibits 
digestion.    Lauren''^  found  that  it  reduces  the  activity  of  pepsin  on 


«i  Buchner:    Deut.  Archiv  f.  klin.  Med.,  Bd.  xxix,  S.  537,  1881. 

Chittenden  and  Mendel:   Amer.  Jour.  Med.  Sci.,  Jan.,  Feb.,  Mar.,  Apr., 

1896. 

»3Storck:   N.  O.  Med.  Jour.,  Dec,  1901. 

Chittenden,  Mendel  and  Jackson:    Amer.  Jour,  of  Phys.,  Mar.,  1898. 
«^  Nothnagel  and  Rossbach:    "Mat.  Med.  et  Therap.,"  Fr.  edition,  1889. 
08  Radzikowski :    Arch.  f.  d.  ges.  Physiol.,  Bd.  Ixxxiv,  S.  513,  1901. 
"■f  Richet:    Cited  by  Manquat:    Loc.  cit.,  vol.  ii,  p.  652. 
o^Spiro:    Munch,  med.,  Woch.,  Bd.  xlviii,  S.  1871,  1901. 
«»  Grenet:   C.  r.  de  la  See.  de  biol.,  vol.  Iv,  p.  376,  1903. 
«>  Elliston :    Med.  Press  and  Circular,  Sept.  16,  1891. 
"Gluzinski:   Cited  by  Manquat:   Loc.  eit,  vol.  ii,  p.  653. 
'2  Lauren:    Chem.  Zeit.  Rep.,  p.  313,  1893. 
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albumins.  Thibault"  noted  that  when  the  alcoholic  strength  exceeded 
12.5  per  cent,  the  proteolytic  activity  of  the  gastric  juice  was  at  once 
reduced.  Chittenden  and  Mendel,"  who  also  obtained  stimulating  effects 
from  weak  solutions,  found  that  when  the  ingested  mixture  contains 
from  5  to  10  per  cent,  of  absolute  alcohol,  retardation  of  the  digestive 
process  becomes  noticeable,  and  that  a  15  to  18  per  cent,  beverage  retards 
it  from  25  to  35  per  cent. 

Alcohol  having  a  marked  affinity  for  oxygen,  the  harmless- 
ness  or  beneficial  effects  of  weak  solutions,  such  as  beer,  is  due 
to  the  fact  that  a  small  quantity  of  alcohol  is  promptly  oxidized 
by  the  adrenoxidase  of  the  oral,  gastric  and  intestinal  secre- 
tions.* The  glandular  elements,  to  compensate  for  the  defi- 
ciency of  adrenoxidase  thus  created,  reflexly  increase  their  func- 
tional activity.* 

When  sufficient  alcohol  is  taken  to  exceed  the  oxidizing 
powers  of  the  secretions  of  the  alimentary  canal,  the  excess  is 
absorbed  into  the  general  circulation  and  is  oxidized  therein  by 
the  adrenoxidase  of  the  plasma  and  red  corpuscles,*  a  very  small 
quantity  (about  two  per  cent.)  being  excreted  in  its  natural 
state. 

Liebig  many  year  ago  advanced  the  view  that  the  greater  part  of 
the  alcohol  absorbed  from  the  alimentary  canal  becomes  oxidized  in  the 
body,  and  that  but  a  very  small  quantity  is  eliminated  by  the  lungs 
and  kidneys.  His  opinion  was  opposed  on  the  plea  that  it  was  prac- 
tically all  eliminated  unchanged,  but  the  experimental  work  upon 
which  this  view  was  based  was  shown  by  Baudot"*  to  have  been  faulty, 
and  the  weight  of  evidence  contributed  since  has  fully  sustained 
Liebig's  co  lusion.  Anstie,'"  Thudicum  and  Dupre"  in  experiments 
upon  a  large  number  of  subjects  found  that  the  quantity  of  alcohol 
eliminated  with  the  urine  was  trifling,  i.e.,  from  0.25  to  0.82  per  cent. 
Schulinus,''^  Buchheim"  and  Lieben*"  not  only  confirmed  this  fact,  but 
found  that  while  the  elimination  with  the  excretions  was  inappreciable 
during  the  two  or  three  hours  following  its  ingestion,  25  per  cent,  of  the 
drug  had  disappeared  from  the  blood  and  tissues.  This  in  turn  was 
sustained  by  a  second  series  of  investigations  by  Anstie,'^  who  not  only 
again  found  that  although  the  aggregate  of  alcohol  eliminated  in  the 
urine,  faeces,  sweat  and  breath  of  a  dog  to  which  large  quantities  had 
been  administered  was  trifling,  the  body  of  the  animal  contained  none. 
Binz  and  Heubach^^  and  Bodliinder'^  and  others  also  ascertained  experi- 
mentally that  alcohol  was  eliminated  in  trifling  quantities.  Precision 
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was  recently  given  to  this  question  by  the  comprehensive  researches  of 
Atwater  and  Benedict,**  which  showed  that  in  the  adult  man  only  1.9 
per  cent,  of  the  alcohol  contained  in  six  ounces  of  whiskey  is  eliminated. 
Abelous,  Bardier  and  Ribaut'^  found  that  even  when  three  c.c.  per  kilo 
of  (warm-blooded)  animal  was  given,  87  to  90  per  cent,  of  the  total 
ingested  was  destroyed  within  eight  hours.  Cushny*"  emphasizes  the 
fact  that  the  5  to  10  per  cent,  generally  thought  to  be  eliminated  "is 
too  high  a  valuation  for  the  alcohol  excreted  and  that  only  2  to  3  per 
cent,  of  that  ingested  escapes  oxidation." 

The  loss  of  oxygen  which  alcohol  imposes  upon  the  tissues 
by  undergoing  oxidation  in  the  blood-stream,  interferes  with 
general  nutrition  and,  therefore,  lowers  the  activity  of  the  vital 
process.  Any  quantity  of  alcohol  absorbed  into  the  circulation 
thus  acts  as  a  depressant. 

The  utilization  of  the  blood's  oxygen  for  the  oxidation  of  alcohol 
entails  a  corresponding  loss  for  the  tissues,  the  result  being  a  reduction 
of  the  activity  of  all  vital  processes.  That  such  is  actually  the  case 
is  illustrated  by  the  fact  that  although  Binz,*'  Jaquef'  and  Wilmanns 
found  that  respiratory  activity  is  augmented,  the  quantity  of  carbonic 
dioxide  eliminated  is  on  the  whole  reduced,  as  observed  by  N.  S.  Davis, 
Hammond,*"'  Boeck  and  Bauer,™  Rumpf"'  and  many  other  investigators. 
The  labor  of  breathing  is  thus  augmented,  but  intracellular  metabolism 
is  impaired,  owing  to  the  paucity  of  oxygen.  Indeed,  Bouchardat  and 
Sandras"^  observed  in  a  rooster  intoxicated  with  alcohol  that  the  comb 
became  cyanotic.  This  is  apparently  contradicted  by  the  observations 
of  Demarquay,  Dumeril,  Perrin  and  others  that  small  doses  either  do 
not  modify  the  temperature,  or,  as  noted  by  Wood,°^  raise  it  slightly, 
i.e.,  about  1°  F.  (0.4°  C.)  ;  but  as  is  shown  below  this  is  the  result 
of  passive  peripheral  vasodilation.  As  these  and  many  other  investiga- 
tors have  found,  larger  doses,  i.e.,  doses  capable  in  this  connection  of 
seriously  deoxidizing  the  blood,  lower  the  temperature  in  proportion  as 
the  quantity  is  large.  In  dogs,  Rosenfeld"  observed  a  reduction  of 
nearly  10°  F.  (6°  C).  Bouvier  found  that  the  fever  of  pyaemia  could 
be  reduced  to  normal  by  administering  sufficiently  large  doses. 
Dumouly*^  found  that  20  gms.  (5  drachms)  of  absolute  alcohol  in  solu- 
tion acted  as  an  antipyretic.  Inhibition  of  tissue  metabolism  is  fur- 
ther suggested  by  the  experimental  work  of  Ridge,  Lauder  Brunton, 
Parkes  and  Wollowicz,  B.  W.  Richardson,  Hammond,  Vierordt,  Schmiede- 
berg  and  others,  which  showed  that  even  moderate  doses  of  alcohol  have 
a  narcotic  depressing  effect. 

Over  twenty  years  ago  French  investigators  held  that  alcohol  robs 
the  blood  of  oxygen  which  should  subserve  the  nutritional  process. 
Dujardin-Beaumetz,""  for  example,  contended  that  alcohol,  whose  affinity 
for  oxygen  is  so  marked,  could  not  enter  the  blood  without  undergoing 
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oxidation,  especially  in  view  of  the  loose  hold  oxyhaemoglobin  has  on 
oxygen.  Bouchard"'  refers  to  alcohol  as  "that  substance  which,  to  so 
high  a  degree,  slows  the  nutritional  processes." 

Alcohol  is  not  a  food;  it  does  not  replace  proteids.  fats  or 
carbohydrates.  The  heat  energy  it  liberates  when  oxidized  is 
not  utilized  by  tissue-cells,  i.e.,  in  tissue  metabolism,  and  is 
therefore  wasted.*  The  tissues  being  deprived  of  the  oxy- 
gen thus  consumed  by  alcohol,  catabolism  is  correspondingly 
delayed;  and  this  in  turn,  proportionally  retards  the  assimi- 
lation of  materials  by  the  tissues.  The  only  effect  of  alcohol 
absorbed  from  the  alimentary  canal,  therefore,  especially  in 
view  of  the  fact  that  it  supplies  the  organism  with  no  tissue- 
building  material,  is  to  interfere  with  the  nutritional  process. 
In  other  words,  it  only  spares  the  proteids,  fats  and  carbo- 
hydrates as  do  asphyxiating  agents,  i.e.,  by  hindering  tissue 
respiration.* 

Alcohol  is  believed  by  some  investigators  to  replace  proteids,  and 
by  the  majority  of  them  to  replace  fats  and  carbohydrates.  H.  F. 
Hewes™  aptly  remarks  in  this  connection:  "The  property  of  sparing 
tissue  is  possessed  by  several  narcotic  substances,  as  morphia.  It  would 
be  as  reasonable  to  class  this  substance  among  the  foods  as  alcohol,  if 
this  property  were  taken  as  the  distinctive  quality  of  a  food."  Indeed, 
the  greatest  authority  on  thermochemistry,  the  late  Prof.  Berthelot,™ 
held  that  alcohol  is  not  a  food. 

Atwater  and  Benedict,  in  the  exhaustive  study  referred  to,  con- 
clude that  the  potential  energy  of  alcohol  is  converted  in  the  organism 
into  working  energy  as  thoroughly  as  is  that  of  ordinary  food.  This 
cannot  be  accepted  in  the  sense  that  alcohol  can  replace  food,  since  the 
energy  liberated  is  merely  heat  energy.  As  emphasized  by  F.  S.  Bene- 
dict,™ alcohol  does  not  build  muscular  or  adipose  tissue,  thus  failing 
in  the  essential  role  of  true  foods;  it  only  furnishes  a  supply  of  heat 
while  being  oxidized.  Indeed,  were  the  working  energy  thus  liberated, 
alcohol  would  exceed  considerably  in  value  that  of  ordinary  aliments, 
since,  as  calculated  by  Duprg,"*  alcohol  liberates  during  its  oxidation 
nearly  five  times  the  heat  units  that  an  equal  quantity  of  lean  beef 
would  produce.  Kassowitz^"'  has  also  laid  stress  recently  on  the  fact 
that  alcohol  only  acts  as  a  stimulus,  and  that  the  substitution  of  a 
given  proportion  of  non-nitrogenous  food  by  a  quantity  of  alcohol  of 
equal  caloric  value,  is  associated  with  diminished  working  capacity  and 
a  dissipation  o*  vital  resources. 

All  this  is  further  emphasized  by  the  fact  that  concurrently  with 
increased  heat  production,  alcohol  causes  decreased  nitrogen  excretion. 
Thus,  Bevan  Lewis"^  ascertained  calorimetrically  that,  while,  as  a  rule, 
the  heat  production  was  at  first  lessened  in  rabbits  by  small  doses,  this 
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was  replaced  by  a  considerable  increase  in  heat  production,  especially 
after  large  doses.  This  was  confirmed  by  E.  T.  Reichert  and  H.  O. 
Wood'**  in  dogs.  The  greater  relative  heat-value  of  large  doses  is 
obvious  in  these  experiments,  and  yet,  Norris  and  Smith^"^  found  that 
1.9  c.c.  to  the  kilo  of  animal  increased  the  excretion  of  nitrogen  two 
per  cent.,  but  that  2.3  c.c.  per  kilo  decreased  it  two  per  cent.  This 
reached  nearly  nine  per  cent,  when  2.7  c.c.  per  kilo  were  used. 

That  the  waste  of  heat  energy  simply  inhibits  tissue  metabolism 
is  shown  by  the  diminution  of  catabolic  products.  Hammond'""  found 
that  alcohol  decreased  the  excretion  of  urea,  chlorine  and  phosphoric 
acid.  Riess'"'  observed  that  it  lessened  the  excretion  of  chlorides,  phos- 
phates and  sulphates,  and  to  a  marked  degree  that  of  urea.  Rosen- 
feld™  and  other  investigators,  after  producing  nitrogenous  equilibrium 
in  man,  found  the  nitrogen  elimination  distinctly  decreased,  i.e.,  lower 
than  the  intake.  Alcohol  was  undoubtedly  the  active  factor  in  this 
morbid  process,  for  while  A.  Ott""  observed  an  extremely  low  excretion 
of  nitrogen  the  first  day  alcohol  was  used,  H.  Keller,'"^"  on  the  other 
hand,  found  that  as  soon  as  the  use  of  alcohol  ceased,  the  excretion  of 
nitrogen  rose  rapidly  until  it  was  one  gm.  above  normal — this  ex3ess 
persisting  three  days.  Indeed,  Miura^'^  was  led  to  conclude,  by  a  series 
of  comprehensive  experiments  also  showing  a  marked  decrease  of  nitro- 
gen, that  the  effects  of  alcohol  in  this  particular  were  similar  to  those 
of  a  reduced  diet. 

This  is  equally  true  of  carbohydrates.  Miura  found  that  when 
sugar  was  replaced  by  isodynamic  quantities  of  alcohol,  a  low  nitrogen 
excretion  occurred  in  subjects  placed  in  a  condition  of  nitrogenous 
equilibrium,  but  that  on  restoring  the  sugar  the  nitrogenous  equilibrium 
was  resumed.  It  is  evident,  therefore,  that  alcohol  is  not  a  substitute 
for  carbohydrates.  This  accounts  for  the  fact  recorded  by  explorers  in 
the  Arctic  regions,  that  the  use  of  alcohol  greatly  reduced  their  resist- 
ance to  cold.  Again,  Chittenden''^  found  that  alcohol  reduced  oxidation 
in  the  liver.  This  he  characterizes  a  pernicious  influence  of  which  car- 
bohydrates and  fats  are  free.  While  the  latter  bodies  are  simply 
oxidized  into  carbonic  acid  and  water  and  converted  into  glycogen  and 
fat,  alcohol  is  not.  He  concludes,  therefore,  that  this  establishes  a  dis- 
tinct line  of  demarcation  between  alcohol  on  the  one  hand  and  carbo- 
hydrates and  fats  on  the  other.  And  this  applies  to  the  rest  of  the 
organism  as  well.  Briefly,  in  the  words  of  Woodbury  and  Egbert,"^  the 
physiological  action  of  alcohol  on  the  human  body  is  destructive,  but 
never  constructive. 

Untoward  Effects. — The  first  stage  of  alcohol  poisoning, 
that  known  as  drunkenness,  may  be  provoked  by  varying  doses, 
small  quantities  sufficing,  in  persons  unaccustomed  to  its  use, 
to  produce  phenomena  which  only  occur  after  the  ingestion  of 
large  quantities  in  habitual  drinkers. 

When  a  so-called  "stimulating"  dose  of  alcohol  is  ingested. 
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it  liberates  heat-energy  while  being  oxidized  by  the  adrenoxi- 
dase  in  the  blood,  and  the  quantity  of  energy  thus  liberated  is 
in  excess  of  that  produced  normally  by  the  interaction  of  the 
adrenoxidase  and  nucleo-proteid.*  An  artificial  exacerbation 
of  metabolism  being  thus  provoked  in  all  tissues,  the  contractile 
power  of  the  cardiac  and  vascular  muscles  is  correspondingly 
increased.*  As  a  result,  the  heart-beats  and  pulse  become 
stronger  and  more  frequent,  and  the  blood-pressure  is  raised, 
the  blood  being  projected  forcibly  into  all  capillaries.  The 
latter  being  passively  dilated  and  congested,  the  well-known 
flushed  face  and  eye,  the  warm  skin,  the  strong  and  rapid  pulse, 
the  cerebral  excitement  which  prompts  to  garrulousness,  bois- 
terousness,  outbursts  of  anger,  etc.,  and  the  temporary  aug- 
mentation of  physical  strength,  are  produced. 

When  a  depressing  dose  is  taken,  this  stage  is  soon  antagon- 
ized in  two  ways:  (1)  The  alcohol  and  adrenoxidase  being 
free  in  the  blood,  while  nucleo-proteid  is  secreted  in  the  latter 
by  leucocytes  only  as  needed,*  the  reducing  action  of  the  alcohol 
deprives  the  adrenoxidase  of  oxygen  which  it  should  supply  to 
the  tissues.*  Metabolism  being  impaired  in  proportion,  and  the 
nerve  centers,  general  and  subsidiary  (including  the  vasomotor 
centers),  and  the  muscularis  of  all  vessels  receiving  partially 
reduced  blood,*  general  vasodilation  (including  relaxation  of 
the  cutaneous  arterioles)  follows,  and  the  capillaries  of  all 
organs,  including  the  skin  and  brain,  are  the  seat  of  a  passive 
hyperaemia.  The  pulse  is  still  full  at  this  stage,  but  easily  com- 
pressed. 

The  exacerbation  of  muscular  power  coincides,  as  is  well  known, 
with  the  period  of  cerebral  excitement  and  with  the  characteristic  con- 
gestion of  the  face,  eyes,  etc.  Cushny"*  writes:  "The  flushing  of  the 
skin,  which  occurs  in  alcoholic  intoxication,  would  seem  to  point  to  some 
vascular  action,  but  it  is  impossible  to  say  at  present  what  the  nature 
of  this  action  is.  It  indicates  dilation  of  the  skin  vessels,  but  whether 
this  is  of  central  or  peripheral  origin,  whether  due  to  stimulation  or 
dilator  centers  or  paresis  of  vasoconstrictors,  it  is  impossible  to  say." 
As  Claude  Bernard  pointed  out  that  marked  hypersemia  of  the  brain 
was  also  present,  the  cause  of  this  phenomenon  may  be  said  to  be  as 
obscure  as  that  of  the  facial  hypersemia;  and  this  applies  as  well  to 
the  muscular  erethism. 

Castillo,"^^  Binz,^"^'  Eagleton,^"  Kochmann'^'  and  others  have  wit- 

*  Author's  conclusion. 
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nessed  the  preliminary  rise  of  the  blood-pressure  referred  to.  Abel,"' 
Rosenfeld,  "  Cabot'"  and  others  did  not  observe  it;  while  the  third 
phase,  vasodilation,  was  noted  by  Zimmerberg,'^'  Gutnikow,"'  Piiss- 
ler,^"  Sehule'^''  and  Rosenfeld.  The  fact  that  all  three  phases  may 
occur,  as  shown  above,  accounts  for  the  contradictory  results  recorded 
by  various  investigators. 

That  the  vasoconstriction  is  due  to  augmentation  of  the  metabolic 
processes  in  the  vascular  walls  by  the  direct  action  of  the  alcoholized 
blood  is  also  indicated  by  the  fact  that  these  investigators.  Wood  and 
Hoyt,'™  noted  that  alcohol  "elevates  the  blood-pressure  after  vasomotor 
paralysis  from  section  of  the  cervical  cord."  Their  experiments  tended 
to  show,  moreover,  that  the  cerebral  excitement  and  increased  activity 
were  due  "to  the  enormously  increased  flow  of  blood  running  riot  through 
the  cerebrum."  Hemmeter"^'  likewise  observed  a  marked  increase  in  the 
rapidity  of  the  blood-flow,  and  a  still  greater  one  when  more  alcohol 
was  administered;  in  some  of  Wood  and  Hoyt's  experiments  the  speed 
of  the  current  increased  33  per  cent.  The  red  face  and  the  still  redder 
nose  and  eyes  of  the  common  drunkard  attest  to  the  fact  that  after  the 
prolonged  use  of  alcohol  the  arterioles  may  remain  dilated.  Finkeln- 
burg'^  found,  by  introducing  a  trocar  between  the  vertebrae,  that  the 
cerebro-spinal  pressure  was  considerably  increased. 

As  to  the  influence  of  the  general  vasoconstriction  upon  the  capil- 
laries, Kochmann""  found  experimentally  that  "in  moderate  doses 
alcohol  increases  the  vascular  tension;  when  the  rise  is  at  its  maximum, 
the  peripheral  vessels  are  dilated."  He  noted,  moreover,  that  the  latter 
effect  was  produced  "even  when  the  doses  are  too  weak  to  cause  an 
increase  of  vascular  tension." 

The  influence  of  large  doses  is  shown  by  the  experimental  observa- 
tion of  Wood  and  Hoyf  °  that  "sometimes  no  effect  was  produced  until 
the  alcohol  had  been  given  in  sufficient  amounts  to  reduce  the  pressure." 
Vasodilation  may  also  occur  under  the  influence  of  small  doses.  Thus, 
Kellogg''"-  states  that  "the  full  bounding  pulse  usually  produced  by  the 
administration  of  an  ounce  or  two  of  brandy  properly  diluted,  gives  the 
impression  of  an  increased  vigor  of  heart  action,  but  it  is  only  neces- 
sarj'  to  determine  the  blood-pressure  by  means  of  a  Riva-Rocci  instru- 
ment, or  Gaertner's  tonometer,  to  discover  that  the  blood-pressure  is 
lowered  instead  of  raised.  This  lowering  may  amount  to  twenty  or 
thirty  millimeters,  or  even  more." 

While  the  varying  effects  produced  by  alcohol  indicate  that  it  has 
no  direct  action  on  the  vasomotor  center  (which  would  always  be 
influenced  in  the  same  way)  they  suggest,  on  the  other  hand,  that  it  is 
due  to  an  intravascular  chemical  process.  Cabot*^^  found  that  alcohol 
did  not  influence  the  temperature  in  febrile  eases,  as  shown  by  1105 
measurements  taken  by  him  before,  during  and  after  its  administra- 
tion— an  observation  confirmed  in  animals  by  Wood  and  Hoyt.  This 
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is  readily  explained  by  the  affinity  of  alcohol  for  oxygen.  Fever  being 
accompanied  by  a  marked  increase  in  the  blood's  oxygen  ratio,  the 
alcohol  can  be  oxidized  at  the  expense  of  the  surplus  of  this  gas  and 
be  itself  consumed  in  the  febrile  process  without  appreciably  modifying 
existing  conditions.  In  the  healthy  individual,  however,  the  conditions 
are  reversed;  there  is  no  excess  of  oxygen  in  the  blood,  and  the  latter's 
oxygen  being  in  part  consumed  by  the  alcohol,  functional  disturbances 
occur,  i.e.,  inadequate  tissue  metabolism,  as  shown  by  the  reduced  excre- 
tion of  CO2  and  nitrogen,  lowered  heat-production  and  temperature  and 
other  morbid  phenomena  reviewed.  As  it  is  only  in  healthy  individuals, 
therefore,  that  the  variations  of  blood-pressure  have  been  observed,  and 
since  these  cannot  be  ascribed  to  a  direct  action  of  the  alcohol  upon  the 
vasomotor  center,  they  must  be  ascribed  to  a  chemical  process  in  the 
blood  itself,  i.e.,  in  the  vessels. 

This  is  further  shown  by  the  fact  that  alcohol  so  modifies  the 
blood's  physical  properties  that  its  access  to  the  tissues  is  hampered. 
Thus,  Bouchard"-''  states  that  alcohol,  owing  to  its  feeble  osmotic  power, 
inhibits  nutrition  by  delaying  the  penetration  of  plasma  into  the  cellular 
elements.  Burton-Opitz'**  found  that  it  reduced  the  alkalinity  of  the 
blood,  and  rendered  the  latter  abnormally  viscid.  Even  the  adrenoxi- 
dase,  a  globulin,  must  lose  some  of  the  fluidity  so  essential  to  its  cir- 
culation in  the  cellular  elements,  since,  as  stated  by  Halliburton,*-"  "it 
can  be  shown  that  the  globulins  require  a  lower  percentage  of  alcohol 
to  precipitate  them  than  the  albumins." 

Cellular  metabolism  being  now  inhibited  to  a  marked  de- 
gree,* the  sthenic  symptoms  are  replaced  by  general  asthenia  and 
maudlin  hebetude :  the  skeletal  muscles  become  relaxed  and 
unable  to  respond  adequately  to  nervous  impulses.  The  gait 
becomes  staggering,  the  movements  irregular  and  uncertain, 
the  speech  thick  and  difficult,  and  the  eyes  half  closed  owing  to 
relaxation  of  the  palpebral  muscles. 

Alcohol  being  converted  by  oxidation  into  water  and  car- 
bonic acid  and  the  excretion  of  the  latter  being  interfered  with 
through  the  increased  viscosity  of  the  plasma,  an  asphyxia-like 
condition,  sometimes  attended  with  beginning  cyanosis,  is  initi- 
ated. This  finally  causes  the  patient  to  fall  into  a  deep  tor- 
pid slumber  accompanied  by  stertorous  breathing,  due  to  relax- 
ation of  the  palatal  muscles. 

The  blood  is  depleted  to  such  a  degree  of  its  oxygen  in  the  larger 
vessels  that  it  is  practically  venous  on  reaching  the  minute  intercellular 
capillaries.  The  experiments  of  Warren  P.  Lombard,"^'"  Dastre,*" 
Horsley,*'*  Destr§e,"°  Scheffer""  and  others  have  shown  that  alcohol 
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caused,  at  first,  an  exacerbation  of  strength,  which  was  soon  replaced 
by  marked  weakness  if  the  dose  was  sufficient,  and  that  large  doses 
invariably  reduced  tlie  muscular  power.  That  the  adynamia  is  not  due 
to  the  direct  action  of  the  alcohol  on  the  muscle  fiber  is  shown  by  the 
statement  of  Cushny's""^  that  "alcohol  has  no  effect  on  muscle  or  on 
peripheral  nerves  when  it  is  carried  to  them  by  the  blood."  The  period 
of  increased  muscular  power  is  due,  we  have  seen,  to  passive  hyperaemia 
of  the  muscular  elements,  a  fact  which  indicates  that  it  is  fictitious. 
Indeed,  as  shown  by  Destr6e  and  others,  fatigue  soon  sets  in  and 
becomes  marked.  This  accounts  for  the  fact  that  troops  deprived  of 
alcohol  stand  long  marches  with  much  less  fatigue  than  those  supplied 
with  it.  This  was  emphasized  anew  recently  by  Beyer''^  and  Fritig. 
The  latter  observer  states  that  since  Dutch  officers  and  men  were  given, 
in  1898,  the  option  of  drawing  the  money  value  of  their  alcoholic  ration, 
the  many  who  ceased  to  use  alcohol  have  shown  a  noticeable  increase 
in  their  resistance  to  fatigue  and  disease.  Conversely,  those  who  con- 
sumed alcohol,  while  competent  for  duty  during  peace,  quickly  suc- 
cumbed to  these  conditions  during  active  service.  Alcohol  thus  debili- 
tates the  muscular  system  even  when  not  taken  in  toxic  doses.  Abel"' 
states  that  "we  have  no  experimental  grounds  for  believing  that  small 
or  even  moderate  quantities  of  alcohol  exercise  any  beneficial  direct 
action  on  the  muscles  of  man  and  warm-blooded  animals." 

The  third  stage  includes  the  symptoms  witnessed  in  indi- 
viduals said  to  be  "dead  drunk."  Here  an  entirely  different 
order  of  phenomena  is  observed.  The  patient  is  unconscious, 
pale  or  perhaps  cyanotic,  and  his  surface  is  insensible  and  cold. 
All  the  senses  are  in  abeyance.  The  pulse  is  thin  and  compres- 
sible and  the  temperature  sometimes  extremely  low.  This  con- 
dition may  continue  several  hours — cases  in  which  it  lasts  over 
twelve  hours  being  usually  fatal — and  gradual  recovery  occur, 
or  the  respiration  may  become  distant,  feeble  and  shallow,  and 
death  ensue  from  arrest  of  this  function. 

This  is  due  not  only  to  the  physical  alterations  and  viscid- 
ity of  the  blood,  but  also  to  its  accumulation  in  the  large  cen- 
tral trunks,  especially  those  of  the  splanchnic  area.  The  peri- 
pheral organs,  including  the  brain,  being  partially  depleted, 
their  functions  are  almost  in  abeyance.  When  this  reaches  a 
certain  limit  the  two  lobes  of  the  pituitary  are  themselves  ren- 
dered sufficiently  ischasmic  to  paralyze  their  functions,  and 
death  ensues. 

A  small  quantity  of  alcohol  added  to  sea-water  containing  very 
young  fertilized  sea-urchin  eggs  delays  markedly  cell-division  and  gas- 
trulation,  and  so  impedes  the  motility  of  the  raesenchvma  cells  that  the 
development  of  the  skeleton  is  markedly  impaired.  This  is  due  to  the 
deprivation  of  what  oxygen  the  alcohol  consumes,  metabolism  in  the 
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cellular  elements  being  correspondingly  slowed.  The  action  of  alcohol 
on  the  human  tissue-cell  differs  in  no  way  from  that  on  the  eggs  of 
the  sea-urchin.  Possessed  of  a  marked  aflBnity  for  water,  it  is  rapidly 
distributed  throughout  the  blood-stream  and  at  once  enters  upon  its 
deadly  work;  the  degree  of  harm  done  being  commensurate  with  the 
quantity  thus  disseminated. 

Another  feature  of  the  morbid  process  forcibly  asserts  itself  at 
this  stage  of  poisoning.  As  is  well  known  and  as  recently  emphasized 
by  Hodge/"  traces  of  alcohol  suffice  to  inhibit  the  growth  of  yeast. 
Dastre,'"  on  the  other  hand,  found  that  while  soluble  ferments  could 
exercise  their  specific  action  in  relatively  strong  solutions  of  alcohol — 
15  to  20  per  cent,  in  the  case  of  trypsin — the  blood's  soluble  ferments, 
including  fibrin  ferment,  are  but  slightly  soluble  even  in  very  weak 
solutions  of  alcohol,  i.e.,  4  per  cent.  The  fibrin  ferment  being,  as  I  have 
shown,  the  adrenoxidase,  it  follows  that  the  large  quantity  of  alcohol 
ingested  in  the  production  of  the  third  stage  not  only  dispossesses  this 
substance  of  the  oxygen  it  should  carry  to  the  tissues,  but  that  it 
actually  paralyzes  it. 

It  is  when  bereft  of  its  vitalizing  properties,  therefore,  that  the 
blood  reaches  the  nerve-centers.  Indeed,  that  alcohol  is  a  paralysant 
of  the  nervous  system  has  been  strongly  urged  by  Bunge,'"  Schmiede- 
berg,"'  Ach  and  Kraepelin,"*  Crothers""  and  many  other  investigators, 
while  Dogiel  found  that  large  doses  depressed  markedly  not  only  the 
motor,  but  also  the  sensory  nerve-centers.  This  necessarily  applies  to 
the  most  sensitive  of  them  all,  those  of  the  pituitary  body.  The  very 
source  of  the  body's  pabulum  vitce  is  thus  rendered  sterile,  since  the 
adrenals  must  soon  cease  to  functionate  as  well  as  their  center. 

The  treatment  of  alcohol  poisoning  is  described  in  a  special 
section  at  the  end  of  this  volume. 

Therapeutics. — The  present  conception  of  the  therapeutic 
value  of  ethyl  alcohol  in  disease  is  based  on  a  misinterpreta- 
tion of  the  role  of  the  kinetic  energy  yielded  while  this  agent 
is  being  burnt  in  the  body.*  The  claim  that  it  is  an  albumin- 
saving  food,  the  value  of  which  corresponds  with  its  dynamic 
equivalent  of  pure  food  hydrocarbon,  falls,  when  the  process 
through  which  it  saves  albumin  is  taken  into  consideration. 
To  rob  the  blood  of  its  oxygen  is  an  albumin-saving  process, 
but  at  the  expense  of  cellular  life;*  to  increase  the  viscidity 
and  decrease  the  alkalinity  of  the  blood  is  an  albumin-saving 
process,  but  by  inhibiting  life.*  On  the  other  hand  the  kinetic 
energy  it  liberates  in  the  form  of  heat  contributes  nothing  to 
the  vital  process.*    Alcohol,  therefore,  is  valueless  as  a  food. 

Evidence  to  this  effect  has  already  been  submitted.  This  view  is 
further  emphasized  from  another  standpoint  by  Winfield  S.  Hall""  in 

*  Author's  conclusion. 

1"  Hodge:    "Physiol.  Aspects  of  the  Liquor  Problem,"  June,  1903. 
i*s  Dastre:    Arch,  de  Physiol.,  T.  viii.  p.  120,  1896. 
i^Bunge:    "Die  Alkoholfrage,"  Leipzig,  1885. 
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1*8  Kraepelin:    Miinch.  med.  V\^och.,  Bd.  xlvi,  S.  1365,  1899. 
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IK)  Winfield  S.  Hall:   Ibid.,  Feb.  2,  1907. 
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the  following  words:  "Ethyl  alcohol  possesses  several  characteristics 
in  common  with  the  carbonaceous  foods,  e.g.  (I)  it  is  composed  of 
C,  H  and  O;  (2)  it  is  readily  oxidized  in  the  liver,  yielding  COa  and 
H2O,  which  are  excreted;  (3)  it  yields  heat  incident  to  its  oxidation, 
and  this  heat  naturally  augments  the  body  income  of  heat;  (4)  inges- 
tion of  ethyl  alcohol  leads  to  a  decrease  in  the  catabolism  of  carbona- 
ceous foods,  and  may  even  'spare'  proteins. 

"In  this  connection,  one  must  not  lose  sight  of  the  following  facts : 
( 1 )  All  vegetable  toxins  and  alkaloids  are  composed  of  the  same  kind 
of  chemical  elements  as  enter  into  foodstufi's,  viz.,  C,  H,  0  and  N.  (2) 
Toxins  and  alkaloidal  poisons  in  general  are  oxidized  in  the  liver  through 
the  agency  of  oxidases,  whose  function  is  to  oxidize,  and  thus  to  make 
harmless,  substances  which  would  act  as  protoplasmic  poisons  on  all 
cells  with  which  they  come  in  contact.  When  moderate  amounts  of 
such  toxins  are  taken  the  defences  of  the  system  are  sufficient  to  reduce 
them  to  a  harmless  condition  and  no  immediate  injury  results.  If 
larger  quantities  are  ingested  the  full  drug  effect  (narcotic  in  the  case 
of  alcohol)  is  immediately  experienced,  the  oxidases  of  the  system  being 
unable  to  defend  it  against  a  large  dose.  (3)  All  oxidation  yields  heat, 
whether  it  is  a  normal  catabolism  or  a  protective  oxidation.  That  the 
heat  from  the  oxidation  of  alcohol  is  not  a  normal  catabolism  for  the 
purpose  of  heat  liberation  is  evident  from  the  fact  that,  notwithstand- 
ing the  liberation  of  heat  through  oxidation  of  alcohol,  the  temperature 
of  the  body  falls,  because  of  increased  loss  of  heat  from  the  surface. 
This  increased  loss  is  due  to  dilatation  of  peripheral  vessels.  (4) 
Decreased  catabolism  of  carbonaceous  or  nitrogenous  foods  following 
ingestion  of  a  narcotic  is  a  universal  fact  depending  on  the  drug  effect 
and  giving  to  the  oxidized  narcotic  no  significance  as  a  food.  It  may 
be  said  without  reservation  that  ethyl  alcohol  is  not  a  food  in  the  scien- 
tific significance  of  the  word." 

In  small  closes,  alcohol,  by  supplementing  the  heat  energy 
normally  produced  (through  the  interaction  of  adrenoxidase 
and  nucleo-proteid*)  with  the  artificial  energy  liberated  while 
it  is  being  oxidized,  augments  momentarily  the  activity  of  meta- 
bolism* and  the  antitoxic  activity  of  the  blood.  Its  action, 
in  this  connection,  becomes  serviceable  when,  after  exposure  to 
cold  and  damp,  the  accumulation  of  toxic  wastes  under  the 
skin  (through  the  depressing  effect  of  cold  upon  cutaneous 
metabolism*)  and  other  conditions  which  render  the  body  vul- 
nerable to  disease,  a  prophylactic  is  demanded;  or  to  counter- 
act promptly  (especially  if  given  in  warm  water)  the  toxic 
effects  of  depressing  poisons,  such  as  ptomains,  vemons,  chloral, 
veratrum  viride,  mushroom  poisoning,  etc. 

As  to  the  use  of  alcohol  in  febrile  diseases,  however,  its 
physiological  action  is  such  as  to  interfere  with  the  blood's 
defensive  processes.*  The  belief  of  its  advocates  that  it  does 
good  by  lowering  the  temperature,  the  blood-pressure  and  the 
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pulse-rate,  is  based  on  the  view  that  fever  is  a  pathological 
phenomenon.  In  truth,  fever  is  the  expression  of  the  body's 
power  to  defend  itself;  and  if  enough  alcohol  is  given  to  lower 
the  temperature,  it  can  serve  only  to  disarm  Nature's  own 
weapons.* 

G.  Rubin^"  found  experimentally  that  alcohol  decreased  decidedly 
the  resistance  of  animals  to  infection.  No  organic  lesions  were  present, 
and  it  appeared  to  weaken  directly  the  substance  or  substances  that 
inhibited  the  giowth  and  toxic  action  of  bacteria,  and  which  seemed 
to  be  derived  from  the  leucocytes.  These  cells  themselves  appeared  to 
be  morbidly  influenced.  The  two  phases  of  the. action  of  alcohol  on 
the  immunizing  process — the  primary  epliemeral  spurt  of  antitoxic 
activity,  and  the  secondary  and  marked  depressing  influence — are  well 
exemplified  in  the  following  quotation  from  H.  C.  Wood's  treatise 
"Binz'^'  foimd  that  alcohol  increases  the  resistive  power  of  the  dog  to 
septic  material,  but  his  experiments  seem  to  have  been  too  few  to  be  of 
value.  In  an  incomplete  research,  H.  A.  Hare  and  M.  E.  Pennington'" 
found  that  alcohol  increases  the  bactericidal  property  of  the  blood  at 
least  against  some  pathogenic  organisms.  Gruber"'*  affirms,  as  the 
result  of  experimentation,  that  the  frequent  administration  of  small 
doses  of  alcohol  to  guinea  pigs,  injected  with  bacillus  prodigiosus,  pro- 
longed life,  and  in  some  instances  even  brought  about  restoration. 
Opposed  to  these  results  are  those  of  various  investigators.  Doyen'^^" 
and  Tliomas'"  both  found  that  alcohol  increases  the  liability  of  animals 
to  infection  with  cholera.  Abbott,"^^*  using  streptococcus  pyogenes, 
bacillus  coli,  or  staphylococcus  pyogenes  aureus,  found  that  the  alcohol- 
ized animals  died  with  much  more  certainty  than  did  those  of  the  con- 
trol experiments,  in  which  no  alcohol  was  given.  Delearde""  reached 
the  result  that  alcohol  destroys  the  immunization  of  rabbits  against 
tetanus  and  anthrax.  Laitinen,""  in  a  very  elaborate  research  upon 
three  hundred  and  forty-two  animals,  representing  six  species  of  mam- 
mals and  birds,  using  anthrax,  tubercle  bacilli,  and  diphtheria  toxin, 
arrived  at  the  conclusion  that  alcohol  diminishes  very  distinctly  the 
resistance  of  the  body  towards  infections.  Pawlowsky""^  found  that 
alcoholized  animals  reacted  much  more  freely  to  staphylococcus  citreus 
than  did  the  normal  animal.  Kogler  and  Gruber^"-  determined  that 
alcoholization  increases  the  mortality  of  animals  infected  with  the  pneu- 
jnobacillus.  Goldberg'"^  came  to  a  similar  conclusion  in  regard  to  the 
influence  of  anthrax  on  pigeons.  Ausems'"*  found  that  the  administra- 
tion of  alcohol  in  small  doses  to  rabbits  before  infection  diminished 
their  resistance."  Although  the  results  of  both  sets  of  observers  har- 
monize with  my  views,  the  fact  remains  that  those  who  found  that 
alcohol  inhibited  the  protective  functions  are  decidedly  in  the  majority. 

*  Author's  conclusion. 
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BROMIDES. 
(Bromides  of  Potassium,  Sodium,  Lithium,  etc.) 
Physiological  Action. — The  primary  effect  of  potassium 
bromide  is  to  depress  the  functional  activity  of  the  general 
vasomotor  center  and  thus  to  cause  relaxation  of  all  vessels  pro- 
vided with  a  muscular  coat.*  The  large  central  vascular  trunks 
accommodating  more  blood,  the  capillaries  of  all  organs,  particu- 
larly those  of  brain  and  skin,  are  more  or  less  depleted  and 
their  functional  activity  is  correspondingly  lowered.*  Hence 
its  quieting  influence  on  cerebral  excitement  and  its  anaesthetiz- 
ing effect  upon  the  cutaneous  sensory  and  end-organs,  the  main 
feature  of  its  action  as  depresso-motor  agent.* 

The  ephemeral  tetanoid  condition  observed  in  frogs  by  Laborde,^°° 
.Purser""  and  others,  when  even  small  doses  are  injected,  is  but  a  proof 
of  the  relaxation  of  the  arteries.  The  peripheral  arterioles  being  also 
relaxed,  an  influx  of  blood  in  the  capillaries  of  the  skin  takes  place  and 
the  sensory  end-organs  being  suddenly  stimulated,  they  incite  reflex 
spasm.  But  this  stage  is  temporary.  As  is  well  known,  the  spasms 
caused  by  strychnine  in  frogs  can  be  prevented  by  anesthetizing  the 
skin.  The  depletion  caused  by  the  bromides  produces  a  similar  anesthe- 
sia. During  poisoning,  this  may  become  so  marked  that,  as  observed 
by  Purser  in  frogs  and  Eulenberg  and  Guttniann"'  in  rabbits,  the  ani- 
mal, though  able  to  jump,  may  be  pricked,  pinched  or  burned,  and  yet 
show  no  evidence  of  pain.  The  supply  of  blood  to  the  peripheral  capil- 
laries is  soon  reduced  and  the  true  effects  of  the  drug  appear.  "After 
a  short  time,"  writes  Wood,"®  "this  stage  of  muscular  excitement  gives 
way  to  one  of  great  muscular  relaxation  and  total  abolition  of  reflex 
actions" — the  capillaries  of  the  contractile  elements  being  themselves 
deprived  more  or  less  of  blood. 

The  action  on  the  brain  is  similar.  The  congestive  stage  due  to 
relaxation  of  the  terminal  arteries  is  occasionally  witnessed,  the  drug 
then  causing  headache,  irritability  and  redness  of  tongue  (Manquat), 
or  what  has  been  termed  "bromomania,"  cases  of  which  have  been 
reported  by  Voisin,  Stark,  Kiernan,  Moyer,  Rockwell,  Spitzka  and 
others.'™  As  a  rule,  however,  the  recession  of  blood  occurs  before  excita- 
tion can  take  place.  As  shown  by  Albertoni""  it  so  obtunds  the  sensi- 
tiveness of  the  cortex  that  its  electrical  excitation  can  no  longer  pro- 
voke epileptiform  convulsions,  while  Sokolowsky""^  observed  that  "large 
doses  of  bromide  cause  ancrmia  of  the  brain."  That  this  is  due  to  reces- 
sion of  the  blood,  due,  in  turn,  to  general  vasodilation,  is  shown  by  the 
fact  that  Schouten'"  found  manometrically  that  even  small  doses  of 
potassium  bromide  lowered  the  blood-pressure.  De  Fleury  has  also 
observed  this  phenomenon.    A  similar  effect  is  caused,  as  is  well  known, 
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by  dividing  the  upper  part  of  the  spinal  cord,  i.e.,  the  general  vasomotor 
path,  and  by  removal  of  the  pituitary  body,  the  seat  of  the  general 
vasomotor  center. 

The  diminution  of  blood  in  the  capillaries  of  the  various 
organs*  impairs  their  functional  activity.  The  temperature 
is  lowered  and  the  sensibility  of  the  mucous  membranes  and  the 
skin  is  more  or  less  reduced.  Mental  torpor,  defective  memory, 
difficult  enunciation,  somnolence,  depression  of  spirits  (lapsing 
at  times  into  melancholia)  are  also  observed  in  some  cases  when 
the  doses  are  frequently  repeated.  Digestion  is  impaired  in 
some  subjects,  owing  to  deficient  secretion  of  saliva  and  gas- 
tric juice.  Sexual  weakness  is  often  produced,  erethism  of  the 
sexual  organs  necessitating  a  marked  degree  of  vascular  engorge- 
ment. A  similar  deficiency  of  blood  in  the  arterioles  of  the 
iris*  may  also  cause  dilation  of  the  pupils.  The  circulatory 
torpor*  in  the  skeletal  muscles  may  entail  muscular  relaxation  and 
weakness;  but  of  all  the  muscular  organs,  the  heart  suffers 
most  from  the  deficiency  of  blood,*  and  its  contractile  power  is 
greatly  diminished.  This  constitutes  an  additional  factor  in 
the  morbid  process,  since  it  tends  further  to  reduce  both  the 
vascular  pressure  and  the  speed  of  the  blood-current  in  the 
capillary  system. 

As  shown  below,  the  temperature  of  the  surface  is  reduced  by  bro- 
mides— a  phenomenon  partly  due  to  the  recession  of  blood  to  the  deeper 
vessels.  Quite  familiar  to  all  laryngologists  is  the  diminution  of  sensi- 
bility of  the  mucous  membrane  of  the  pharynx  and  larynx,  which  ia 
quite  perceptible  after  a  single  dose  of  30  grains  (2  gms. ).  The  cere- 
bral phenomena  are  also  of  common  observation.  Gubler"*  found  that 
2  to  4  gms.  (30  to  60  grains)  daily  sufficed  in  some  cases  to  induce 
melancholia,  even  in  maniacal  subjects.  Weir  Mitchell™  and  others 
have  reported  similar  instances.  Diminution  of  the  salivary  secretion 
was  observed  by  Gubler,  Rabuteau"^  and  other  clinicians.  As  to  the 
influence  of  vascular  depletion  on  the  pupil,  Landois'"  states,  referring 
to  the  blood-vessels  of  the  iris,  that  "everything  that  diminishes  the 
amount  of  blood  dilates  the  pupil."  As  to  the  role  of  the  heart  in  the 
morbid  process  Wood""  concludes  that  "the  fall  of  the  arterial  pressure 
is  certainly  largely  of  cardiac  origin,"  though  he  considers  it  probable 
that  "the  vasomotor  system  also  shares  the  paralyzing  influence  of  the 
drug." 

Sromism. — When  large  doses  are  administered  during  a 
prolonged  period,  the  oxygenizing  power  of  the  blood  becomes 

•  Author's  conclusion. 
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inadequate.*  This  is  due  to  the  fact  that,  as  is  the  case  with 
all  organs  that  are  remote  from  the  splanchnic  area  (in  which 
the  blood  accumulates  when  the  vessels  are  dilated),  the  pitu- 
itary body  also  becomes  ischsemic,  and  the  adrenals  are  inade- 
quately stimulated.*  Their  secretion  being  materially  reduced, 
the  proportion  of  adrenoxidase  formed  is  insufficient  to  satisfy 
the  needs  of  the  organism  at  large,  i.e.,  to  sustain  nutrition.* 

The  condition  known  as  "bromism"  appears  when  this 
condition  is  added  to  the  primary  vasomotor  paresis  caused  by 
the  drug.*  It  is  mainly  due  to  the  fact  that,  owing  to  the 
impaired  catabolism  and  to  the  resulting  torpor  of  the  elim- 
inatory  functions  of  the  skin,  kidneys,  intestinal  and  respira- 
tory tracts,  the  drug  and  imperfectly  catabolized  wastes  accu- 
mulate in  the  system  at  large.  Hence  the  marked  cutaneous 
disorders  observed  in  this  condition,  the  latter  varying  from 
an  erythematous  and  rubeoliform  blush  to  acne,  pustules,  fur- 
uncular  swellings,  more  or  less  extensive  ulcerations  and  even 
gangrene — all  aggravated  by  the  cutaneous  denutrition.  A 
typical  sign  of  adrenal  insufficiency*  is  frequently  observed  in 
these  cases,  viz.,  copper-colored  blotches. 

The  other  symptoms  of  bromism  are  but  exaggerations  of 
those  produced  by  smaller  quantities  of  the  drug.*  Mental 
torpor  lapses  into  stupidity,  the  facial  expression  recalling  that 
of  an  idiot.  The  senses  are  also  greatly  weakened.  The  eyes 
lose  their  lustre,  and  are  surrounded  by  dark  rings,  and  the 
pupils  are  more  or  less  widely  dilated.  Hallucinations,  visions, 
utter  listlessness  or  melancholia  with  outbursts  of  mania,  may 
precede  the  ultimate  issue,  cerebral  paralysis.  The  muscular 
weakness  gradually  becomes  complete  adynamia.  The  tempera- 
ture is  greatly  reduced,  the  heart's  action  is  hardly  perceptible 
and  the  respiration  becomes  correspondingly  feeble  and  shallow. 
The  patient  gradually  sinks  into  a  condition  of  general  impot- 
ence, hardly  able  even  to  ingest  his  food,  liable  at  any  moment 
to  be  carried  off  by  some  intercurrent  disease,  especially  pneu- 
monia, or  to  lapse  suddenly  into  coma,  the  precursor  of  death. 

The  action  on  the  adrenal  center  is  but  a  counterpart  of  that  on 
other  organs.  The  inhibition  of  the  functions  of  the  salivary  glands 
observed  by  Gubler,  Rabuteau  and  others,  illustrates  the  action  of  the 
drug  on  secretory  organs  in  general.    The  diminution  of  saliva  merely 

*  Author's  conclusion. 


BROMIDES. 


1341 


typifies,  therefore,  the  corresponding  effect  on  the  adrenals,  i.e.,  a  dimin- 
ution of  secretion.  The  deficiency  of  adrenoxidase  in  the  blood  normally 
causes  a  reduction  of  the  temperature.  Martin-Damourette  and  Pelvet"" 
found  that  the  entire  surface  was  hypothermic.  Wood'*"  also  states 
that  in  warm-blooded  animals,  toxic  doses  of  potassium  bromide  lower 
very  decidedly  the  temperature.  This  is,  in  part,  due  to  the  recession 
of  blood  from  the  surface;  but  actual  reduction  of  activity  of  all  oxida- 
tion processes  is  shown  by  the  fact  observed  by  H.  Bill,"-"  that  the 
elimination  of  carbon  dioxide  from  the  lungs  is  markedly  decreased  by 
large  doses.  The  excretion  of  urea  has  been  studied  by  various  inves- 
tigators, but  with  contradictory  results — a  fact  explained  by  the  renal 
irritation,  which,  according  to  Pletzer,'*^  large  doses  provoke.  Skoog,'"' 
who  reported  several  cases  of  bromism,  including  some  presenting  mental 
disturbances,  noted  that  "after  a  few  weeks  cellular  resistance  is  low- 
ered, the  degree  depending  on  the  individual  susceptibility  and  amount 
of  drugging." 

The  torpor  of  the  blood-stream  in  the  capillaries,  coupled  with  the 
lowered  oxidizing  efficiency  of  the  blood  itself,  favors  the  accumulation 
of  the  drug  in  the  system.  Wood  states  that  it  is  undoubtedly  to  be 
found  in  every  tissue  of  the  body,  and  refers  to  the  labors  of  Doyon  and 
Cazeneuve,'**  confirmed  by  those  of  F6re  and  Herbert,'*^  as  showing  that 
bromide  of  potassium  "is  stored  up  in  the  nerve-centers  much  more 
largely  than  elsewhere."  The  elimination  occurs,  in  part,  through  the 
skin  as  shown  by  eruptions,  pustules  having  been  found  by  Guttmann'*' 
and  others  to  contain  the  drug.  The  -violet  areola  observed  around  the 
cutaneous  lesions  is  characteristic  of  bromism,  according  to  Ffire.'*'  It 
is  doubtless  partly  due  to  the  deficient  local  oxygenation,  and  the  pre- 
cursor of  the  gangrenous  plaques  observed  by  Malherbe,"*  DarnalF'"  and 
others.  That  the  salt  is  also  eliminated  in  the  perspiration,  the  urine, 
and  the  faeces  is  well  known. 

The  predilection  of  cases  of  bromism  to  pneumonia  has  been 
emphasized  by  Fere.  Baker'""  ascribes  the  predisposition  of  epileptics 
to  phthisis  to  the  excessive  use  of  bromides.  Cushny""-  states  that  the 
patient  "is,  of  course,  liable  to  fall  a  victim  to  infectious  disease,"  and 
that  "in  a  number  of  cases  of  chronic  bromide  poisoning,  the  immediate 
cause  of  death  has  been  an  attack  of  bronchitis  or  pneumonia." 

Acute  Poisoning. — Acute  intoxication  in  abnormal  sub- 
jects who  had  not  previously  taken  the  drug  is  seldom,  if  ever, 
witnessed.  An  ounce  (30  grammes)  has  been  ingested  with- 
out causing  more  than  a  temporary  attack  of  bromism.  A 
sensation  of  heat  in  the  mouth,  oesophagus  and  stomach,  foetid 
breath,  intense  headache  (due  to  hyperasmia  of  the  cerebral 

Martin-Damourette  and  Pelvet:  Bull.  gen.  therap.,  med.  et  chir.,  vol. 
Ixxiii,  p.  241.  18G7. 

180  Wood:    Loe.  cit.,  p.  ?44,  thirteenth  edition,  1906. 

181  H.  Bill:    Amer.  Jour.  Med.  Sci.,  July,  1868. 
i82pietzer:    Manquat:    Lnc  cit.,  p.  741. 

188  Skoog:    Jour.  Amer.  Med.  Assoc.,  Dec.  1,  1906. 
18*  Doyon  and  Cazeneuve:    Lycn  med.,  vol.  Ix,  p.  479,  1889. 
185  Fere  and  Herbert:    C.  r.  de  la  Soc.  de  biol.,  9  serie,  vol.  iii,  pp.  670,  769, 
807,  1891. 
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i8»Darnall:    Med.  Record,  Sept.  7,  1901. 

I*'  Baker:    Med.  Register,  Dec.  8,  1888. 
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capillaries  owing  to  relaxation  of  their  arterioles*)  difficult 
ideation  and  perhaps  aphasia,  hypothermia,  cutaneous  anaes- 
thesia, weakness  and  irregularity  of  the  pulse  with  concomitant 
or  subsequent  drowsiness  which  may  persist  several  days,  and 
be  followed  by  slow  recovery. 

In  mammals,  as  well  as  in  frogs,  toxic  doses  cause  death  by  pro- 
voking, as  shown  by  Eulenburg  and  Guttman,"''  symptoms  similar  to 
those  observed  in  man,  i.e.,  general  paralysis  of  all  functions.  Promi- 
nent among  these  are  the  evidence  of  impaired  oxygenation,  i.e.,  lower- 
ing of  the  temperature  and  gradual  respiratory  failure,  the  animal 
dying  of  asphyxia.    The  heart  is  invariably  arrested  in  diastole. 

The  treatment  of  bromide  poisoning  is  described  in  a  special 
section  at  the  end  of  this  volume. 

Therapeutics. — The  action  of  the  bromides  ihus  inter- 
preted, accounts  readily  for  their  beneficial  effects  in  the  vari- 
ous conditions  in  which  they  are  generally  employed.  Though 
their  use  is  to  be  deprecated*  in  epilepsy  as  curative  agents, 
since  they  aggravate  the  disease  by  inhibiting  catabolism  and 
therefore  the  destruction  of  the  spasmogenic  wastes,*  the  fact 
that  the  accesses  are  partly  due,  as  will  be  shown,  to  excessive 
vascular  tension*  (caused  by  these  wastes)  renders  their  em- 
ployment permissible  to  ward  off  the  attacks.  This  applies  as 
well  to  tetanus,  puerperal  eclampsia  and  kindred  disorders.* 
The  value  of  the  bromides  in  the  various  forms  of  nervous  and 
mental  excitement  is  likewise  explained,  since  all  nervous  struc- 
tures are  channels  for  adrenoxidase.*  Excitement  being  due 
to  hypersemia  of  nervous  elements,  the  depletion  of  these  ele- 
ments that  general  vasodilation  insures,  affords  the  required 
relief.  The  same  physiological  process  accounts*  for  the  value 
of  the  bromides  in  abnormal  sexual  excitement,  nymphomania 
for  example,  in  uterine  disorders  due  to  local  hypersemia,  in 
seminal  emissions  due  to  a  similar  condition  of  the  spinal  cord, 
in  various  subacute  inflammatory  disorders. 

VERATRUM  VIRIDE. 

Physiological  Action. — The  action  of  veratrum  viride  has 
in  recent  years  been  said  to  resemble  that  of  aconite,  but  this 
certainly  is  not  the  case.  The  s)rmptoms  ascribed  by  the  au- 
thors of  certain  text-books  are  those  of  veratrine,  an  alkaloid 


*  Author's  conclusion. 

182  Eulenburg  and  Guttmann:   Loc.  cit. 
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derived  from  Veratrum  Sebadilla,  and  whicli  occurs  only  in 
traces  in  suitable  preparations  of  veratrum  viride  and  whose 
effects  do  not  appear  even  in  cases  of  poisoning  by  the  latter 
drug.  Veratrine  is  an  unreliable  agent  and  should  not  be 
used  internally. 

Veratrum  viride,  on  the  other  hand,  is  a  valuable  remedy 
when  judiciously  employed.  By  depressing  directly  the  gen- 
eral* vasomotor  center,  it  enables  us  to  lower  excessive  arterial 
tension  and  to  relieve  an  overburdened  heart.  It  does  this  by 
causing  the  blood  to  accumulate  in  the  splanchnic  area  and 
other  great  vessels  of  the  trunk. 

The  most  valuable  observations  upon  the  action  of  veratrum  viride 
per  se  are  those  of  H.  C.  Wood,"'  who  found  experimentally  that  one 
of  the  effects  of  the  main  active  principle  of  veratrum  viride,  jervine, 
was  a  "depressing  action"  upon  "the  vasomotor  centers."  "The  cir- 
culatory phenomena,"  says  this  author,  "were  primary  slowing  of  the 
pulse  with  later  rapid  pulse  and  a  progressive  falling  of  the  arterial 
pressure  from  the  beginning  to  the  end."  While  it  is  probable  that  the 
"primary  slowing"  was  due  to  a  slight  preliminary  stimulation  of  the 
general  vasomotor  center,  the  subsequent  fall  of  blood-pressure  could 
not  be  ascribed  to  inhibition  of  the  heart,  since  Wood  also  says :  "The 
slowing  of  the  pulse  was  not  due  to  any  effect  on  the  pneumogastric 
nerves,  the  jervine  acting  as  usual  after  section  of  these  nerves."  The 
central  action  of  the  drug  is  emphasized  by  the  statement  that:  "As, 
however,  asphyxia,  not  galvanization  of  a  sensory  nerve,  produces  rise  of 
pressure  in  the  poisoned  animal,  it  is  evident  that  jervine  depresses  the 
vasomotor  centers."  Pesci^"*  confirmed  these  observations  clinically  in 
19  cases,  all  of  which  showed  reduction  of  exaggerated  arterial  tension. 
Similar  observations  have  been  recorded  by  others. 

But  this  applies  only  to  experimental  (and,  therefore,  relatively 
large)  doses  of  jervine;  as  shown  below,  veratrum  viride  contains  also  a 
small  proportion  of  another  alkaloid,  veratroidine,  the  effects  of  which 
only  become  manifest  when  large  doses  of  veratrum  viride  are  adminis- 
tered. 

The  vasodilation  produced  being  commensurate  with  the 
size  of  the  (therapeutic)  dose  given,  we  can  at  will  regulate 
the  vascular  tension  when  this  becomes  excessive;  again,  as  a 
given  dose  repeated  at  appropriate  intervals  sustains  the  effect, 
we  can  hold  the  blood-pressure  in  check  until  the  danger  is 
past.  Finally,  as  the  general  vasomotor  center  recuperates 
promptly  when  the  use  of  the  drug  is  not  too  prolonged,  the 
depression  induced  is  readily  recovered  from — which  is  not  the 
case  when  bleeding,  employed  with  the  same  ends  in  view,  is 
resorted  to. 


*  Author's  conclusion. 

H.  C.  Wood:  Lon.  cit.,  p.  367,  thirteenth  edition,  1906. 
"*Pesci:    Gazzetta  degli  osped.,  vol.  xxvii,  p.  630,  1906. 
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H.  C.  Wood  has  long  maintained  that  veratrum  viride  replaces 
bleeding  advantageously,  and  that  "the  patient  is  bled  into  his  own  cir- 
culation" by  it.  In  pneumonia,  for  instance,  he  deems  it  the  best 
remedy  at  our  disposal.  This  view  is  sustained  by  considerable  clinical 
evidence.  Gilardoni,"'^  in  an  exhaustive  experimental  and  clinical  re- 
search, reached  a  similar  conclusion.  He  found  that  the  effect  increased 
with  the  dose,  but  that  it  was  more  marked  when  the  drug  was  given 
hypodermically.  No  other  drug  decreased  the  arterial  tension  with 
safety  to  such  an  extent.  In  one  case,  the  patient  took  at  one  dose 
the  entire  quantity  intended  for  twenty-four  hours,  and  only  showed  as 
morbid  symptoms  vomiting  and  diarrhoea.  J.  B.  Tuttle"-"*  also  witnessed 
a  case  in  whicli  a  man  took  by  mistake,  in  the  course  of  an  hour,  four 
teaspoonfuls  of  Norwood's  tincture  of  veratrum  viride  instead  of  four 
drops.  Some  vomiting,  slight  pallor  and  marked  weakness  were  the 
only  symptoms  observed. 

Untoward  Effects. — A  large  dose  of  veratrum  viride 
brings  out  the  physiological  effects  of  veratroidine,  an  alkaloid 
present  in  too  small  a  proportion  in  a  therapeutic  dose  to 
provoke  morbid  effects.  These  occur  in  addition  to  a  further 
depressing  action  upon  the  general  vasomotor  center  and  the 
resulting  decline  of  arterial  pressure,  vomiting,  diarrhoea,  some 
hypothermia  and  cold  sweating,  all  with  feeble  pulse  and 
respiration. 

These  are  the  cases  usually  met  with  in  practice.  Besides  the 
instances  witnessed  by  Gilardoni  and  Tuttle,  referred  to  above,  cases 
have  been  reported  in  which  the  foregoing  symptoms  were  present,  by 
Pedigo,"-"'  Brothers,"*  and  others.  Wood'™  alludes  to  several  instances 
in  which  teaspoonful  doses  of  the  fluid  extract  were  followed  by  recovery. 
The  other  cases  mentioned  also  recovered  under  appropriate  treatment. 
In  an  experimental  research,  veratroidine  was  found  by  Wood™"  "to  be 
more  irritant  than  jervine,  producing  usually  vomiting  and  some  purg- 
ing." 

Acute  Poisoning. — A  poisonous  dose  of  veratrum  viride 
introduces  new  factors  in  the  morbid  process.  By  lowering  the 
blood-pressure  to  an  excessive  degree,  the  blood  is  caused  to 
accumulate  in  the  large  central  vascular  trunks,  now  widely 
dilated.  This  entails  lowered  oxygenation  in  all  peripheral 
tissues,*  as  shown  by  the  marked  hypothermia  present,  and 
slowing  of  the  blood-current  in  all  organs.  The  functions  of 
the  pituitary  body,  including  the  adrenal  center,  being  depressed 
from  the  same  cause,  less  adrenoxidase  is  supplied  to  the  blood 
— another  feature  that  entails  lowered  oxygenation.*    As  a 

*  Author's  conclusion.. 

"5  Gilardoni:    Gaz.  Med.  Italiana,  Nos.  10,  11,  12,  1902. 
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Pedigo:    Va.  Med.  Mthly.,  Sept.,  1889. 
198  Brothers:   Mittheilungen  des  Vereins  der  Aerzte  in  Medioin,  Oct.,  1889. 
"»Wood:    hoc.  cit.,  p.  370,  thirteenth  edition,  190fi. 
2»oWood:    Phila.  Med.  Times,  Aug.  22,  Sept.  12,  1874. 


VERATRUM  VIRIDB. 


1345 


result  of  this,  toxic  waste-products  gradually  accumulate  in  the 
blood,  and  as  such  wastes  violently  stimulate  the  general  vaso- 
motor center,  causing  general  vasoconstriction,  the  specific  ef- 
fects of  the  drug,  vasodilation,  suddenly  disappear.  These  are 
soon  replaced,  however,  by  another  cause  of  general  vasodilation, 
i.  e.,  inhibition  of  the  functions  of  the  pituitary  body  and  heart, 
due,  as  we  have  seen,^°^  to  excessive  constriction  of  the  arteries 
that  supply  these  organs.* 

The  transition  stage  from  the  legitimate  effects  of  the 
drug  to  the  phase  of  inhibition  is  marked  by  a  clearly-defined 
sign :  the  pulse,  previously  soft  and  large  and  somewhat 
more  frequent,  now  begins  to  drop  steadily,  until  from  per- 
haps 90,  it  falls  to  50,  40,  and  even  30  per  minute.  This  is 
due  to  the  increasing  pressure  exerted  by  the  blood-stream  upon 
the  heart.*  Another  result  of  the  increasing  vascular  tension 
is  violent  retching  and  vomiting,  due  to  the  onslaught  of  blood 
in  the  gastric  vessels,  and  the  resulting  reflex  (vagal)  action.* 

The  heart,  whose  work  is  markedly  increased  while  its 
nutrition  is  reduced*  (the  ischsemia  of  the  pituitary  aiding  the 
latter  by  depriving  the  blood  of  adrenoxidase*),  soon  begins  to 
yield.  While  the  period  of  inhibition  is  only  in  its  incipiency, 
i.e.,  while  the  heart's  action  is  not  very  slow,  its  action  may 
suddenly  be  rendered  rapid,  weak,  and  perhaps  irregular  by  a 
physical  exertion.  Even  in  the  absence  of  such  an  exciting 
cause,  the  organ  soon  assumes  this  gait — that  of  impending  ar- 
rest. Eelaxation  of  the  vessels,  due  to  loss  of  the  propulsive 
power  of  the  heart,  now  recurs.  The  blood  once  more  receding 
to  the  deeper  trunks,*  the  skin  becomes  cold,  clammy,  and 
bedewed  with  cold  sweat,  and  the  prostration  is  extreme.  The 
brain  likewise  being  deprived  of  much  of  its  blood,  vertigo,  loss 
of  vision,  and  unconsciousness  occur  in  rapid  succession. 
Finally,  the  pituitary  and  heart-muscle  receiving  an  insufficient 
amount  of  blood  to  subsist,*  the  pulse  becomes  thready  and  then 
imperceptible,  the  heart  ceasing  its  work  in  diastole.  This  is 
preceded,  however,  by  arrest  of  the  respiration,  owing  mainly  to 
the  fact  that  the  venous  blood  is  no  longer  projected  with  suffi- 
cient vigor  to  the  pulmonary  alveoli  to  be  exposed  to  the  air.* 

Briefly,  we  have  (1)  recession  of  blood  to  the  deep  chan- 

*  Author's  conclusion. 

Cf.  this  volume,  p.  1185  ft  seq. 
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nels;  (2)  accumulation  of  hypocatabolized  wastes  in  the  peri- 
pheral and  cerebro-central  capillaries;  (3)  excessive  excitation 
of  the  general  vasomotor  center  and  general  vasoconstriction; 
(4)  lethal  vasomotor  inhibition  of  the  pituitary  and  heart. 

H.  C.  Wood,-"^  many  years  ago,  and  again  recently  with  H.  C. 
Wood,  Jr.,-™  found  that  when  given  hypodermically  in  toxic  doses,  vera- 
troidine  "caused  an  enormous  rise  of  blood-pressure."  This  could  not 
be  ascribed  to  a  direct  action  of  the  drug  on  the  vasomotor  center,  but 
to  deficient  oxidation,  since  the  author  found  that  "it  did  not  occur  when 
artificial  respiration  was  maintained" — a  procedure  which  greatly  in- 
creases the  air  intake.  He  ascribes  it  to  "centric  asphyxia,"  but  we 
have  seen  that  the  phenomena  ascribed  to  the  inert  CO2  are  in  reality 
due  to  toxic  waste  products.  Again,  the  cardiac  inhibition  was  evi- 
dently the  cause  of  the  lethal  phenomena,  for  H.  C.  Wood  and  H.  C. 
Wood,  Jr.,  referring  to  the  former's  earlier  articles  state  that  "in  these 
it  was  noted  that  the  veratroidine  was  an  extremely  powerful  stimulant 
to  the  inhibitory  nerves,  so  that  it  was  possible  to  produce  by  it  a 
cardiac  arrest  which  was  immediately  put  an  end  to  by  section  of  the 
vagi."  Finally,  if  the  lethal  vasodilation  is  due  to  inhibition,  and  not 
to  the  vasomotor  depressor  jervine,  a  dose  of  the  violent  vasomotor 
stimulant  veratroidine  should  counteract  it.  Wood  states  that  "an 
animal,  apparently  dead,  could  be  restored  to  life  by  vagal  section,  or 
by  giving  more  of  the  poison,"  referring  to  veratroidine. 

The  treatment  of  veratrum  viride  poisoning  is  described  in 
a  special  section  at  the  end  of  this  volume. 

Therapeutics.- — In  the  incipient  stage  of  pneumonia  when 
excessive  general  vasoconstriction*  tends  to  asphyxiate  the  pa- 
tient by  gorging  his  lungs  with  blood,  veratrum  viride  in  small 
therapeutic  doses,  given  frequently  until  dyspnoea  is  relieved 
and  the  pulse  is  less  tense,  is  a  life-saving  measure  by  causing 
general  vasodilation  and  relieving  the  heart  of  undue  resistance. 
It  is  of  especial  advantage  in  plethoric  subjects.  Veratrum 
viride  is  also  of  value  in  convulsive  disorders,  such  as  puer- 
peral eclampsia  and  epilepsy,  to  prevent  convulsions,  which  are 
due  in  part  to  excessive  vasoconstriction  and  hyperjemia  of  the 
cerebro-spinal  system.*  It  should  be  regarded  only  as  a  palli- 
ative, however,  since  it  tends  to  encourage  hypocatabolism  and 
the  accumulation  of  spasmogenic  toxic*  wastes  in  the  blood. 
Veratrum  viride  is  also  of  value  in  localized  inflammatory  pro- 
cesses such  as  cerebritis,  meningitis,,  pleurisy,  and  peritonitis, 
to  antagonize  excessive  hypersemia.  By  causing  general  vasodi- 
lation it  is  also  advantageous  in  aneurism,  especially  when  there 
is  danger  of  rupture. 

*  Author's  conclusion. 

H.  C.  Wood:    Phila.  Med.  Times,  Aug.  22,  Sept.  12,  1874. 
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ACONITE. 

Physiological  Action. — In  therapeutic  doses,  aconite  de- 
presses the  sympathetic  center  and  causes  general  dilation  of 
the  arterioles.*  An  excess  of  blood  being  admitted  into  the 
capillaries,  passive*  hyperfjemia  is  produced.  Small  doses  infre- 
quently repeated  may  thus  cause  a  slight  feeling  of  warmth;  if 
frequently  repeated,  or  if  full  doses  are  given,  a  characteristic 
symptom  appears,  viz.,  tingling,  or  prickling,  felt  at  first 
either  in  the  nose,  lips,  tongue,  or  finger-tips,  and  due  to  hyper- 
semia  of  the  sensory  terminals  of  the  skin  and  mucous  mem- 
branes.* 

The  prevailing  view  that  aconitine  causes  the  characteristic  ting- 
ling by  a  local  action  of  the  remedy  on  the  sensory  terminals  involves 
the  assumption  that — inasmuch  as  Vw  grain  (0.001  gm. )  of  aconitine 
caused  Dr.  Meyer's  death,  and  also  that  of  a  case  reported  by  Lepine'-"* — 
a  solution  of  1  in  8,000,000  (basing  the  calculation  on  only  16  pounds 
of  blood  and  disregarding  the  lymph-vessels  into  which  the  plasma  is 
constantly  flowing)  is  the  active  factor  in  the  process.  Granting  even 
that  it  has  run  safely  the  gauntlet  of  the  antitoxic  substances  of  the 
blood,  this  view  does  not  appeal  to  reason.  Especially  is  this  the  case 
when  we  take  into  account  the  fact  that  the  tingling  develops  into 
hypersesthesia,  as  it  does  at  times  in  experimental  animals,  who  jump 
about  to  avoid  contact  of  their  feet  with  the  floor  and  show  evidences  of 
severe  pain  by  their  cries,  and  the  fact  that  severe  neuralgic  pains  occur 
in  some  cases  of  poisoning.  These  effects  are  obviously  out  of  all  pro- 
portion with  the  strength  of  the  solution.  On  the  other  hand,  we  have 
a  thoroughly  logical  explanation  of  these  phenomena — and  concurrently 
of  all  the  other  sjTaptoms  enumerated  in  the  general  text — in  the  sud- 
den flooding  of  sensory  elements  with  arterial  blood.  The  dilation  of 
the  arterioles  is  generally  recognized;  Shoemaker,^™  for  instance,  states 
that  "owing  to  the  lowering  of  the  blood-pressure  and  the  dilatation  of 
the  arterioles  caused  by  the  aconite,  the  heat  of  the  body  is  at  first 
brought,  with  the  increased  blood-flow,  to  the  surface." 

Untoward  Effects  and  Poisoning. — When  a  large  dose  of 
aconite  or  aconitine  is  taken,  this  passive  hyperemia  provokes 
a  sensation  of  warmth  throughout  the  body,  including  the  skin, 
mouth,  pharynx,  and  stomach,  and  redness  of  the  face.  This 
is  accompanied  by  the  characteristic  symptom,  tingling,  which 
may  now  spread  over  large  areas — owing  to  flooding  of  the  sen- 
sory terminals  with  adrenoxidase-laden  plasma.*  The  nerves 
themselves,  especially  the  upper  division  of  the  fifth  pair,  may 
also  become  hypersemic,*  and  cause  acute  lancinating  pain. 
Among  other  symptoms  observed  that  are  ascribable  to  this 


*  Author's  conclusion. 

Lepine:   Semaine  med.,  vol.  xii,  p.  117,  1892. 
-0^  Shoemaker:   "Therapeutics,"  sixth  edition,  p.  148,  1906. 
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cause*  are  cephalalgia,  tinnitus  aurium,  photophobia,  dilation 
of  the  pupil,  increase  of  cardiac  power  and  of  respiratory 
activity,  salivation,  nausea,  vomiting,  and  pruritus. 

Such  a  dose  may  introduce  another  morbid  factor,  i.e., 
depression,  then  paresis  of  the  test-organ,  and  through  it  of  the 
adrenal  center.  The  proportion  of  adrenoxidase  being  corres- 
pondingly reduced,  general  hypometabolism  follows  in  all  tissues, 
including  the  walls  of  the  arteries  and  heart. 

"In  the  very  beginning  of  aconite  poisoning,"  write9  Wood,  "the 
bodily  temperature  may  rise  slightly,  but  in  severe  poisoning  a  very 
pronounced  fall  occurs."  The  relationship  of  paralysis  of  the  adrenal 
functions  with  this  phenomenon  is  not  only  suggested  by  the  role  of 
their  secretion  in  general  oxygenation,  but  also  by  the  concurrent  "fall 
of  the  arterial  pressure,  which,"  as  stated  by  Wood,  "progressively 
increases  to  the  end."  Now,  Strehl  and  Weiss™"  found  that  after 
removal  of  one  adrenal,  the  blood-pressure  fell  4  or  5  m.m.  Hg.,  but 
that  when  the  second  adrenal  was  removed,  the  blood-pressure  fell  at 
once  20  or  .30  m.m.  and  continued  to  fall  till  death  ensued.  More- 
over, clamping  of  the  adrenal  veins — through  which  the  secretion  passes 
to  the  blood — caused  the  pressure  to  fall,  while  their  release  at  once 
caused  it  to  rise.  What  paralysis  of  the  adrenal  center  means  under 
such  conditions  is  self-evident. 

Several  investigators,  Boehm  and  Wartmann,^"  Guilland-™  and 
others  hold  that  aconite  causes  a  rise  of  the  blood-pressure.  But,  as 
stated  by  Wood,™"  the  stimulating  action  of  the  drug  on  the  vasomotor 
system  is  not  proved  by  their  researches.  Interpreted  from  my  stand- 
point, these  investigators  observed  the  intercurrent  rise  which  precedes 
convulsions.  But  as  the  latter  are  due  to  toxic  waste  products  of  hypo- 
catabolism  (owing  to  their  imperfect  elimination  from  the  spinal  sys- 
tem, an  incident  of  the  local  ischsemia),  we  cannot  incriminate  the  drug. 
Another  misleading  factor  is  the  supposed  physiological  inhibition  of  the 
heart  by  the  vagus.  We  have  seen  that  this  phenomenon  is  a  morbid 
one,  and  that  the  nerves  the  vagus  supplies  to  the  heart  are  vasomotor. 
Hence  the  preliminary  slowing  by  an  excess  of  blood  admitted  into  the 
heart  and  the  subsequent  tachycardia  due  to  general  vasodilation. 
(Marey's  law). 

When  the  dose  is  sufficiently  large  to  prove  fatal,  the  capil- 
lary hyperaemia  is  promptly  succeeded  by  capillary  ischemia, 
caused  by  retrocession  of  the  blood  from  all  capillaries,  and  its 
accumulation  in  the  deeper  and  widely  dilated  trunks,  especially 
those  of  the  splanchnic  area.*  This  is  due  to  the  arrest  of 
adrenal  functions  and  the  resulting  depression  of  metabolic  ac- 
tivity in  the  muscular  layer  of  all  vessels.* 

This  inaugurates  the  stage  of  general  depression  and  finally 


*  Author's  conclusion. 

="0  Strehl  and  Weiss:    Pfliiger's  Archiv,  Bd.  Ixxxvi,  S.  107,  1901. 

Boehm  and  Wartmann:  Arbeit  physiol.  Wiirzburger  Hochschule,  Bd.  i, 
S.  93,  1872. 

=o'Guilland:    Arch,  de  physiol.  norm,  et  path.,  2  sSrie,  vol.  ii,  p.  766,  1875. 
sofWood:   Loc.  cit.,  thirteenth  edition,  p.  382,  1906. 
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collapse.  The  patient  complains  of  great  weakness,  and  of 
feeling  cold  and  numb,  the  peripheral  sensitive  organs  being  now 
depleted  of  their  blood.  The  surface  is  generally  bedewed  with 
sweat,  the  pupil  is  dilated,  vision  and  hearing  become  impaired 
and  towards  the  close  may  be  lost,  though  the  intellect  remains 
clear. 

The  pulse,  at  first  slow,  becomes  rapid  when  the  greater 
arteries  are  dilated  (Marey's  law).*  Any  exertion  at  this  time, 
such  as  sitting  up,  etc.,  may  cause  cardiac  arrest.  The  irregu- 
lar action  finally  lapses  into  delirium  cordis,  and  the  heart's 
intrinsic  circulation*  soon  becomes  sufficiently  reduced  to  para- 
lyze its  functions. 

The  respiration,  slightly  increased  in  activity  at  first,  soon 
becomes  slow  and  shallow,  expiration  being  followed  by  a  long 
pause.  Cyanosis  and  other  signs  of  asphyxia,  often  preceded  by 
a  feeling  of  tightness  about  the  throat  and  convulsions,  then 
appear,  the  precursors  of  death. 

All  this  entails  the  conclusion  that  it  is  upon  the  centers  that  the 
drug  acts.  Laborde  and  Duquesnel,^"  Liegeois  and  Hottot-'^  long  ago 
furnished  experimental  evidence  of  this  effect.  Cushny^"^  also  refers 
repeatedly  to  a  centi'al  action  of  the  drug.  Thus,  he  states  that  "the 
respiratory  symptoms  are  certainly  of  central  origin,  though  their 
explanation  is  still  unknown."  Again:  "Death  is  due  to  paralysis  of 
the  respiratory  center  from  the  direct  action  of  the  poison."  The 
"respiratory  center"  being,  from  my  standpoint,  the  adrenal  center,  and 
the  adrenals  ceasing  to  produce  their  secretion,  respiration  becomes 
impossible.  Cushny  states  that  "the  paralysis  advances  much  more 
rapidly  in  the  respiratory  center  than  elsewhere,  and  death  occurs  from 
asphyxia."  Cash  and  Dunstan^  state  that  death  in  mammals  is  due 
"to  central  respiratory  failure." 

The  treatment  of  aconite  poisoning  is  described  in  a  special 
section  at  the  end  of  this  volume. 

Therapeutics. — Aconite  has  been  used  considerably  for  the 
arrest  of  colds.  Its  value  in  this  connection  is  accounted  for  by 
the  fact  that  it  dilates  the  peripheral  arterioles,  and  thus  allows 
a  greater  volume  of  blood  to  penetrate  the  capillaries  and  to 
exercise  more  effectively  its  antitoxic  action.*  It  is  also  bene- 
ficial in  neuralgia  and  migraine  when  the  blood-pressure  is  ele- 

*  Author's  conclusion. 

Laborde  and  Duquesnel:   "Des  Aconits  et  de  I'Aconitlne,"  p.  103,  1883. 
Liegeois  and  Hottot;   Brown-SSquard's  Jour,  de  physiol.,  vol.  iv,  p.  520, 

1861. 

2"  Cushny:   Loc.  cit.,  fourth  edition,  pp.  329  et  seq.,  1906. 

Cash  and  Dunstan:   Proceedings  Royal  Soc.  of  London,  vol.  Ixii,  p.  338, 
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vated,  thus  driving  the  blood  into  the  diseased  nerves;*  under 
the  influence  of  aconite  the  general  lowering  of  the  vascular  ten- 
sion, which  the  dilation  of  all  the  arterioles  of  the  body  entails,* 
thus  relieves  the  pain. 

Aconite  has  been  used  in  sthenic  pneumonia  to  diminish 
the  threatening  asphyxia  and  relieve  the  heart,  but  veratrum 
viride  is  a  better  remedy  for  this  purpose,  since  it  depresses  the 
vasomotor  center*  and  relieves  the  pressure  more  efEectually. 
It  has  been  used  in  fevers  of  various  kinds,  but  a  better  know- 
ledge of  the  immunizing  value  of  the  febrile  process  has  caused 
its  use  to  be  largely  abandoned. 

AMYL  NITRITE. 

Physiological  Action, — Amyl  nitrite,  by  stimulating  the 
sensory  end-organs  of  the  fifth  pair  in  the  upper  respiratory 
tract,  while  inhaled,  causes  reflexly  a  slight  rise  of  the  arterial 
tension  by  stimulating  the  sympathetic  center;*  but  this  effect 
is  almost  immediately  replaced  by  general  vasodilation  begin- 
ning with  the  arterioles,  due  to  the  characteristic  physiological 
effect  of  the  drug:  depression  of  the  sympathetic  center.* 

Cushny^"  states  that  "in  the  beginning"  and  "from  irritation  of 

the  nasal  sensory  terminations"  "the  blood-pressure  may  rise 

and  the  heart  be  slowed  from  reflex  action  on  the  inhibitory  and  vaso- 
constrictor centers  respectively."  Reichert^'°  also  noted  a  primary  stim- 
ulation. Wood""  states  that  "our  present  physiological  evidence  justifies 
the  belief  that  very  small  quantities  of  amyl  nitrite  primarily  stimulate 
the  heart,  although  it  is  demonstrated  that  in  moderate  or  large 
amounts  the  drug  respectively  depresses  or  paralyzes  the  heart-muscle." 
Conversely,  Vaquez""  observed  that  a  small  dose  inhaled  by  an  individual 
whose  arterial  tension  is  moderate  reduces  the  arterial  tension  by  from 
40  to  50  m.m.  Hg.,  while  a  large  dose  lowers  it  by  from  70  to  80  m.m. 
The  primary  stimulation  is,  therefore,  but  a  preliminary  incident  due 
to  the  drug's  irritating  action  upon  the  respiratory  passages  and  inde- 
pendent, therefore,  of  its  true  physiological  effect. 

When  a  full  or  excessive  dose  of  amyl  nitrite  is  inhaled,  the 
relaxation  of  the  arterioles  produced  causes  the  capillaries  of 
all  organs,  including  the  central  nervous  system,  to  become 
overfilled  with  arterial  blood,  i.e.,  passively  congested.  The 
face,  neck,  and  upper  portion  of  the  body  become  flushed ;  severe 
and  sometimes  violent  headache,  with  confusion  and  perversions . 

*  Author's  conclusion. 

2"Cushny:   Loc.  cit.,  fourth  edition,  p.  467,  1906. 

Reichert:   N.  Y.  Med.  Jour.,  July,  1881. 
^lowood:   Loc.  cit,  thirteenth  edition,  p.  255,  1906. 
^'"Vaquez:   La  presse  med.,  vol.  ii,  p.  702,  1904. 
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of  color  sense  (objects  appearing  yellow),  is  complained  of;  the 
heart  beats  forcibly,  the  respiration  is  likewise  accelerated  and 
deepened.  When  moderate  doses  are  used  these  phenomena 
gradually  subside. 

This  stage  of  peripheral  hyperaemia  could  not  occur  if  the 
larger  vessels,  especially  those  of  the  splanchnic  area,  were  like- 
wise dilated,  since  the  blood  would  accumulate  therein,  and 
cause  ischasmia  of  the  peripheral  capillaries.*  This  is  what  takes 
place  under  the  influence  of  large  doses,  those  which  likewise 
depress  the  vasomotor  center.  Another  factor  is  superadded 
under  these  conditions,  however:  depression  of  the  adrenal  cen- 
ter either  through  direct  depression  of  its  functions  or  through 
ischgemia  of  the  pituitary  body.*  The  blood  being  thus  rendered 
poor  in  adrenoxidase  while  the  capillary  streams  are  greatly 
reduced  in  volume,  their  blood  is  rapidly  reduced,  i.e.,  rendered 
venous  by  the  tissues.*  Hence  the  fact  that  marked  hypo- 
thermia and  cyanosis  occur  under  the  influence  of  large  doses. 

The  effects  of  the  drug  appear  very  promptly.  Within  a  minute 
of  the  inhalation,  according  to  Hale  White,"^*  the  arterioles  "may 
actually  be  seen  to  widen  in  the  ear  of  a  rabbit  or  in  the  retina." 
Similar  observations  have  been  recorded  by  Amez-Droz,^"  Gaspey,"" 
Aldridge,"^  Bader  and  others.  Francis  Hare^-  also  ascribes  the  action 
of  amyl  nitrite  to  "widespread,  if  not  general,  peripheral  vasodilation," 
and  holds  that  "this  action  is  alone  sufficient  to  explain  the  therapeutic 
effects  which  have  been  or  may  be  observed  in  a  number  of  clinically 
diverse  affections."  This  is  doubtless  true  in  so  far  as  the  average  dose 
is  concerned. 

The  effects  of  large  doses  on  the  general  blood-pressure  are  well 
shown  in  the  following  quotation:  Nothnagel  and  Rossbach^'  state 
that  the  cutaneous  vessels  are  not  alone  dilated;  one  may  also  see  the 
vessels  of  the  deeper  organs,  those  of  the  pia  mater,  for  example,  are 
dilated,  and  may  thus  become  twice  or  three  times  their  normal  diameter 
(Schiiller,  Schramm)."  Cushny^^*  states  that  both  the  arteries  and 
veins  are  widened  "very  considerably  under  the  influence  of  the  drug," 
and  that  "the  vessels  of  the  abdominal  organs  and  t^e  brain  are  more 
affected  than  those  of  the  extremities."  Again,  as  will  be  shown  under 
Nitroglycerin,  dilation  of  the  arterioles  only  does  not  cause  an  appre- 
ciable fall  of  the  blood-pressure,  while,  as  stated  by  Nothnagel  and  Ross- 
bach,  amyl  nitrite  may  cause  one  of  50  m.m.  and  considerably  below 
that  as  shown  recently  by  Vaquez.*" 

The  promptness  with  which  cyanosis  occurs  is  not  fully  accounted 
for  by  the  cutaneous  ischaemia,  since  other  drugs  which  depress  the 

*  Author's  conclusion. 

Hale  VPhite:    "Materia  Medica,"  London,  1892. 

Amez-Droz:    Archiv  de  physiol.,  vol.  v,  p.  467,  1873. 
22»  Gaspey:   Virchow's  Archiv,  Bd.  Ixxv,  S.  301,  1879. 

Aldridge:    "West  Riding  Lunatic  Rep.,  vol.  1,  p.  71,  1871. 

Francis  Hare:    Clinical  Journal,  Aug.  29,  1906. 
223  Nothnagel  and  Rossbach:    Loc.  cit.,  p.  406. 
22*Cushny:   Loc.  cit.,  fourth  edition,  p.  465,  1906. 
225  Vaquez:   Loc.  cit. 
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vasomotor  center  do  not  produce  this  effect.  The  fact  that  the  adrenal 
functions  are  likewise  inhibited  is  suggested  in  various  ways.  Accord- 
ing to  Wood/-"  amy]  nitrite  "reduces  most  remarkably  animal  tempera- 
ture"— as  much  as  13°  F.  (7°  C. )  in  one  of  his  experiments.  Bourne- 
ville"'  observed  in  one  of  his  experiments  a  reduction  of  9°  C.  (16.2°  F. ). 
Wood  ascertained  that  the  excretion  of  carbon  dioxide  was  reduced. 
The  actual  absence  of  a  substance  capable  of  taking  up  the  oxygen  of 
the  air  is  shown  by  the  fact  that  Gamgee'^*'  found  "that  amyl  nitrite 
blood  had  lost  its  power  of  absorbing  oxygen  or  of  yielding  oxygen  to 
the  air-pump."  Devoid  of  adrenal  secretion,  the  blood  cannot  absorb 
this  gas,  and  what  remained  in  it  having  been  taken  up  by  the  tissues, 
none  was  available  for  the  tissues.* 

Acute  Poisoning. — The  toxic  effects  are,  in  addition  to  the 
blood-changes  described  below,  the  cyanosis  and  the  general 
vasodilation;  excessive  muscular  weakness  and  great  pallor,  a 
slow,  weak  and  irregular  pulse,  shallow  and  irregular  respira- 
tion, loss  of  reflexes,  wide  dilation  of  the  pupils,  arrest  of  the 
respiratory  movements,  and  asphyxia,  sometimes  preceded  by 
tetanic  convulsions. 

All  these  effects  are  due  to  paralysis  of  the  adrenal  center,* 
Small  doses  obtund  its  sensibility  temporarily;  but  poisonous 
doses  paralyze  its  functions  sufficiently  to  allow  morbid  changes 
to  occur  in  the  blood,  which  render  it  unsuitable  for  the  con- 
tinuation of  life.* 

The  blood,  under  the  indirect  influence  of  toxic  doses  (in 
man)  of  amyl  nitrite,  assumes  a  nearly  uniform  chocolate-brown 
color,  owing  to  the  presence  therein  of  methgemoglobin.  This 
substance  is  hsematin,  the  iron-laden  constituent  of  haemoglobin, 
which  normally  remains  in  the  red  corpuscles,  and  serves  to 
hold  therein  the  adrenoxidase  (the  albuminous  constituent  of 
the  haemoglobin  molecule),  pending  its  gradual  distribution  to 
the  tissues.  When,  under  the  influence  of  amyl  nitrite,  too 
little  adrenoxidase  is  available  in  the  blood  to  supply  the  needs 
of  tissue  respiration,  the  haematin  is  not  only  deprived  of  the 
greater  part  of  the  adrenoxidase  linked  to  it,  but  it  is  itself  (in 
part) ,  owing  to  its  firm  hold  upon  the  last  remnants  of  the  latter 
substance,  withdrawn  from  the  red  corpuscles  into  the  plasma.* 
Hence  the  term  "methaemoplasma."  This  symptom  is  not  nearly 
as  marked  in  man,  however,  as  it  is  in  animals. 


•  Author's  conclusion. 

Wood:   Loc.  cit.,  thirteenth  edition,  p.  256,  1906. 
2"  Bourneville:    Cited  by  Manquat;    Loc.  cit.,  vol.  li,  p.  121. 

Gamgee:    Philos.  Trans,  of  Royal  Soc.  of  London,  vol.  xvi,  p.  339,  1868. 
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The  usual  picture  of  adrenal  insufficiency  promptly  appears  when 
the  dose  administered  is  excessive.  "After  poisonous  doses,"  says  Pro- 
fessor Wood,  "the  symptoms  have  been  great  pallor,  usually  dilatation, 
but  sometimes  contraction  of  the  pupils,  excessive  muscular  relaxation, 
slow,  scarcely  perceptible  pulse,  haemoglobinuria  and  irregular  respira- 
tion." 

We  have  just  seen  that  Gamgee  found  that  amyl  nitrite  blood  no 
longer  yielded  oxygen  to  the  air-pump.  Hammarsten^"  states  that 
"methsemoglobin  does  not  contain  any  oxygen  in  molecular  or  dissociable 
combination."  The  causative  absence  of  oxidizing  substance  relegates 
the  whole  process  of  metheemoglobin  formation  to  a  corresponding 
diminution  of  oxygen,  and  invalidates  the  prevailing  view  that  amyl 
nitrite  and  other  drugs  cause  methaemoglobinaemia  by  acting  directly  on 
the  blood.*  Referring  to  a  mouse  killed  in  2  minutes  by  amyl-nitrite 
inhalations,  Haldane,  Makgill  and  Mavrogordato-'*  state  that  "the  symp- 
toms were  those  of  asphyxia  from  want  of  oxygen."  In  another  experi- 
ment the  animal  was  placed  in  oxygen  with  a  0.3  c.e.  capsule,  and  the 
oxygen  pressure  raised  to  80  cm.  This  mouse  only  died  in  14  minutes. 
A  third  animal  was  placed  in  pure  oxygen  at  atmospheric  pressure  and 
an  0.18  c.c.  capsule.  At  the  eleventh  minute  the  air  was  removed;  in 
a  few  seconds  life  had  ceased.  The  blood  in  all  was  chocolate-colored. 
The  authors  also  ascertained  during  experiments  upon  themselves  that 
air  deficient  in  oxygen  or  carbonic  acid  poisoning  caused  symptoms 
identical  to  those  evoked  by  amyl  nitrite.  That  methsemoglobin  may  be 
formed  irrespective  of  any  direct  action  upon  it,  and  simply  through 
abstraction  of  oxygen,  is  also  shown  by  the  following  experiment,  as 
described  by  Hammarsten:  "If  arterial  blood  be  sealed  up  in  a  tube, 
it  gradually  consumes  its  oxygen  and  becomes  venous,  and  by  this  absorp- 
tion a  little  methsemoglobin  is  formed."  Gamgee,  however,  found  that 
the  spectrum  bands  of  methsemoglobin  corresponded  with  those  of  acid 
hsematin.  "According  to  Rabuteau,"  writes  Manquat,"''  "in  animals 
poisoned  with  amyl  nitrite,  the  blood  becomes  neutral  and  even  acid." 
Again,  if  methsemoglobin  is  hsematin  plus  a  remnant  of  oxidizing  sub- 
stance, it  should  itself  be  reducible  by  the  tissues  after  leaving  the  red 
corpuscles.  The  conversion  into  methsemoglobin  "does  not  entail,"  says 
Cushny,^^^  "the  destruction  of  the  red  corpuscles,  and  the  compounds  are 
eventually  reduced  by  the  tissues,  although  the  reduction  progresses 
much  more  slowly  than  that  of  ordinary  oxyhsemoglobin."  Finally, 
Vulpian^*  found  that  in  methsemoglobinaemia  due  to  venom,  the  blood- 
corpuscles  are  almost  all,  when  death  did  not  occur  promptly,  deprived 
of  their  haemoglobin.  In  the  animal  poisoned  with  amyl  nitrite  by 
Haldane,  Makgill  and  Mavrogordato,  the  proportion  of  "haemoglobin" 
converted  varied  from  80  to  92  per  cent. 

The  treatment  of  amyl  nitrite  poisoning  is  described  in  a 
special  section  at  the  end  of  this  volume. 

Therapeutics. — The  vasodilator  action  of  amyl  nitrite  upon 
the  arterioles,  owing  to  the  lowering  of  the  vascular  tension  it 
involves,  accounts  for  its  beneficial  action  in  angina  pectoris, 
a  disorder  due  to  excessive  arterial  tension,  and  claudication  of 
the  heart.    In  the  continuous  hyperconstriction  which  keeps  up 

*  Author's  conclusion. 

Hammarsten :    Loc.  cit..  p.  171. 

Haldane,  MakgiU  and  Mavrogordato:    Jour,  of  Phys.,  vol.  xxi,  p.  160,  1897. 
232Manquat:    Loc.  cit.,  vol.  ii,  p.  121,  1903. 
233Cushny:   Loc.  cit.,  fourth  edition,  p.  468,  1906. 
23*Vulpian:   C.  r.  de  I'Acad.  d.  sci.,  vo\  xciv,  p.  613,  1882. 
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the  convulsions  of  status  epilepticus,  and  the  corresponding 
though  temporary  condition  in  tetanus,  puerperal  eclampsia  and 
kindred  disorders,  the  drug  is  of  recognized  value.  An  elevation 
of  the  blood-pressure,  as  will  be  shown,  likewise  prevails  in 
migraine  and  neuralgia,  a  fact  which  accounts  for  the  analgesic 
effect  of  amyl  nitrite  in  this  disorder.  In  dysmenorrhcea,  the 
condition  of  the  uterus  and  adnexa  resembles  closely  that  which 
prevails  in  angina  pectoris;  hence  the  benefit  derived  from 
the  drug.  In  the  chill  of  intermittent  fever,  due  to  hypercon- 
striction  of  the  cutaneous  arterioles,  a  few  whifEs  (about  five 
minims)  of  amyl  nitrite  suffice  to  cause  its  cessation. 

NITROGLYCERIN. 

Physiological  Action. — Nitroglycerin  causes  dilation  of  all 
arterioles,*  by  depressing  directly  the  sympathetic  center.*  The 
capillaries  of  all  organs  being  thus  caused  to  receive  an  influx 
of  arterial  blood,*  full  therapeutic  doses  give  rise  to  a  sensa- 
tion of  fullness  of  the  head  with  throbbing,  more  or  less  violent 
headache,  vertigo,  congestion  of  the  conjunctiva,  tingling  or 
itching  in  the  throat  and  tongue,  salivation,  muscular  stiffness 
and  spasmodic  jerks,  tinnitus  aurium,  flushing  of  the  face  and 
sometimes  of  the  neck  and  trunk,  and  a  feeling  of  constriction 
about  the  throat  and  precordial  region.  The  cardiac  contrac- 
tions are  more  powerful,  sometimes  dicrotic,  and,  owing  to  the 
vasodilation,  more  frequent,  the  increased  cardiac  power  extend- 
ing up  to  and  being  discernible  in  the  carotids. 

Various  investigators,  including  Henocque,^  Lauder  Brunton  and 
Tait,^^"  and  Hay"'  hold  that  nitroglycerin  and  amyl  nitrite  act  similarly, 
notwithstanding  the  disparity  in  their  chemical  composition.  The  pri- 
mary vasoconstriction  due  to  irritation  of  the  respiratory  passages  is 
not  provoked  by  nitroglycerin,  however,  a  fact  ascertained  experimentally 
by  Haldane,  Makgill  and  Mavrogordato.^^*  Hence  dilation  of  the  arteri- 
oles is  the  first  effect  of  the  drug,  irrespective  of  any  intervention  of 
the  "inhibitory"  or  depressor  mechanisms,  which  have  introduced  con- 
fusion in  the  study  of  amyl  nitrite. 

When  the  doses  taken  are  administered  too  often,  or  when 
they  are  large,  the  dilation  of  the  arterioles  is  supplemented  by 
dilation  of  the  larger  vessels,  caused  by  a  similar  depressing 

*  Author's  conclusion. 

^^Henocque:    C.  r.  de  la  Soc.  de  biol.,  7  serie,  T.  v,  p.  669,  1883. 
236  Lauder  Brunton  and  Tait:    St.  Bartholomew's  Hosp.  Rep.,  vol.  xii,  p.  140, 
1876. 

Hay:    Practitioner,  vol.  xxx,  p.  422,  1883. 

Haldane,  Makgill  and  Mavrogordato :   Loe.  cit.,  p.  183. 
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effect  of  the  drug  upon  the  bulbar  vasomotor  center  and  its  sub- 
sidiary centers  in  the  cord.* 

The  prevailing  view  is  that  nitroglycerin  in  therapeutic  doses  pro- 
duces general  vasodilation,  but,  as  recently  shown  by  H.  P.  Loomis,*^° 
such  is  not  the  case.  By  means  of  the  sphygmomanometer  used  in  a 
number  of  cases,  some  of  which  were  observed  until  recovery,  he  ascer- 
tained that  even  when  given  in  full  therapeutic  doses  repeatedly,  the 
drug  did  not  lower  the  blood-pressure.  It  was  only  when  given  to  dogs 
in  doses  which  would  have  proved  toxic  to  man  that  the  blood-pressure 
fell,  the  heart  being  extremely  weakened.  The  fall  of  pressure  lasted 
only  five  minutes,  however,  though  the  heart  remained  feeble.  The 
retrocession  of  blood  from  the  capillaries  was  rendered  evident  by  marked 
diminution  of  the  volume  of  the  kidney,  as  shown  by  an  oncometer 
placed  upon  this  organ. 

This  points  clearly  to  the  sympathetic  center  as  the  one  depressed 
by  the  drug  at  first,  since  dilation  of  the  arterioles  alone,  such  as  that 
produced  by  therapeutic  doses,  does  not  suffice  to  cause  an  appreciable 
fall  of  blood-pressure.  Indeed,  did  such  occur,  there  would  not  be  flush- 
ing of  the  face  and  other  signs  of  hyperjemia,  but  pallor  and  other 
signs  of  capillary  anaemia,  owing  to  recession  of  the  blood  to  the  deeper 
vessels.  When  large  therapeutic  doses  are  taken,  however,  the  vaso- 
motor center  is  also  depressed  by  the  drug.  This  is  shown  not  only  by 
the  cardiac  weakness  in  Loomis's  dogs,  and  the  dose  required  to  pro- 
duce it  and  reduce  the  pressure,  but  also,  in  man,  by  the  fact  that  Von 
Noorden""  found  that  by  using  very  large  doses,  e.g.,  "daily  doses  of  10 
milligrams,  and  even  12  milligrams"  (Vs  to  V,,  grain),  (the  initial  doses 
having  been  small  and  gradually  increased)  the  blood-pressure  could  be 
reduced  from  180  and  220  to  100  and  120,  and  even  less,  in  his  service 
in  the  Frankfort  Hospital. 

Untoward  Effects  and  Poisoning. — The  untoward  phe- 
nomena produced  by  nitroglycerin  are  all  those  enumerated 
above  which  exceed  a  slight  frontal  fullness,  tingling,  itching, 
or  formication  in  the  throat  and  tongue  and  a  slight  quickening 
of  the  pulse,  and,  perhaps,  a  feeling  of  warmth  about  the  face. 

When  the  blood-pressure  is  reduced  by  depression  of  the 
vasomotor  center,  the  arterial  pressure  falls  and  all  the  symp- 
toms are  those  of  collapse — the  reverse  of  the  erethic  condition 
produced  by  the  smaller  doses,  which  affect  only  the  sympathetic 
center.  There  is  marked  failure  of  the  heart's  action,  and  its 
beats  may  become  weak,  irregular  and  intermittent,  the  pulse 
being  correspondingly  feeble.  The  resulting  retrocession  of  the 
blood  from  the  surface,  including  that  of  the  pulmonary  alveoli, 
engenders  inadequate  oxygenation,*  but  another  factor  promptly 
aggravates  the  morbid  process  under  these  conditions :  ischasmia 
of  the  anterior  pituitary  body  and  inhibition  of  the  adrenal 


*  Author's  conclusion. 

H.  P.  Loomis:    Med.  Rec,  Mar.  18,  1905. 
''"Von  Noorden:   Verb,  des  Congress  f.  innere  Med.,  Bd.  xxi,  S.  152,  1904. 
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functions.*  Hence  the  marked  dsypncea,  hypothermia,  anaes- 
thesia, and  cyanosis. 

The  various  stages  of  this  process  are  explained  in  the  foregoing 
general  text. 

The  sequence  of  events  caused  by  large  doses  may  be  illustrated 
by  Demme's-"  experiments  on  himself  with  a  1  in  10  alcoholic  solution. 
Two  or  three  drops  caused  formication  or  itching  (also  mentioned  by 
VohP")  in  the  mouth  and  tongue,  salivation,  an  increase  of  10  to  12 
beats  in  the  pulse.  After  6  to  10  minutes,  dull,  constrictive  pains  in 
the  forehead,  vertigo,  cerebral  fatigue.  With  five  or  six  drops,  these 
phenomena  occurred  sooner  and  were  more  marked;  choreic  movements 
of  the  masseter  then  appear,  which  may  spread  to  other  muscles  when 
ten  drops  are  given.  Although  these  doses  should  not  be  taken  as  guide 
in  practice,  Loomis-"  states  that  the  usual  dose.  Vim  grain  (0.00065  gm. ), 
is  too  small  to  produce  any  effect  in  pathological  conditions,  and  that 
Vso  grain  (0.0013  gm.)  is  a  mi;  imum  dose.  He  regards  it  as  a  safe 
drug — in  opposition  to  prevailing  view — even  large  and  repeated  doses 
having  never  produced  ill  effects.  D.  D.  Stewart^*''  states  that  an  exces- 
sive tolerance  to  nitroglycerin  can  be  readily  acquired  if  care  is  not 
taken  to  avoid  a  too  rapid  increase  of  the  dose;  hence  the  drug,  though 
intelligently  employed,  is  often  of  little  service.  He  refers  to  a  case  in 
which  50  minims  of  a  10-per-cent.  solution  were  taken  daily  without  any 
very  marked  effects.  Binz,^  of  Bonn,  states  that  man  "offers,  as  a  rule, 
energetic  resistance  to  nitroglycerin  when  the  doses  are  not  excessive," 
and  refers  to  others  who  advocate  larger  doses  than  those  generally 
administered. 

Still  we  must  not  overlook  the  fact  that  nitroglycerin  is  capable 
of  producing  violent  symptoms.  Wood  refers  to  an  observation  of 
Noer's,"°  in  which  ten-drop  doses  of  an  alcoholic  solution  (usually  Vioo) 
in  a  woman  caused  violent  toxic  phenomena. 

The  treatment  of  nitroglycerin  poisoning  is  described  in 
a  special  section  at  the  end  of  this  volume. 

Therapeutics. — The  beneficial  effects  of  nitroglycerin  are 
due  to  the  fact  that  it  lowers  excessive  arterial  tension  in  the 
organs  themselves,  by  dilating  only  the  extremities  of  the  vascu- 
lar tree,  i.e.,  the  arterioles.*  In  angina  pectoris,  for  example, 
the  pallor  and  ashen  gray  appearance  of  the  surface  observed 
not  only  during  the  paroxysm  in  some,  but  at  all  times,  points 
to  excessive  vasoconstriction.  Here,  one  minim  of  the  1-100 
alcoholic  solution,  three  times  daily,  suffices  at  first,  but  gradu- 
ally, as  the  patient  becomes  habituated  to  the  drug  (the  sym- 
pathetic center  becoming  less  and  less  sensitive  to  its  action*), 
it  must  be  increased  until  three  or  four  times  the  original  dose 
is  taken. 

*  Author's  conflusion. 

Demme:    Cited  by  Albers:    Deut.  Klinik,  Bd.  xvi,  S.  407,  1864. 
2*2Vohl:    Cited  by  Eulenburg:    Berl.  klin.  Woch.,  Bd.  ii,  S.  251,  1865. 

Loomis:   Loc.  cit. 
2"  D.  D.  Stewart:    Jour.  Amer.  Med.  Assoc.,  May  27,  1905. 
24''Binz:    Revue  de  th^rap.  medico-chir.,  vol.  Ixxii,  p.  656,  1905. 
2«  Noer:   Therap.  Gaz.,  July  15,  1887. 
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The  best  rule  for  giving  the  drug  for  its  effects  on  blood-pressure 
is,  in  Stewart's  opinion,-^"  to  administer  it  four  times  a  day  in  dose 
just  sufficient  to  produce  the  slightest  feeling  of  fullness  in  the  head  or 
to  slightly  quicken  the  pulse.  If  more  than  that  is  given,  an  undesir- 
able tolerance  is  likely  to  be  established.  When  a  rather  rapid  increase 
seems  needed  to  keep  up  a  constant  effect,  it  is  best  to  discontinue  the 
drug  for  two  or  more  days,  at  intervals,  and  to  resume  its  use  with  a 
smaller  initial  dose.  By  so  doing  the  use  of  very  large  doses  and  strong 
solutions,  which  are  not  exactly  safe  to  handle,  will  be  avoided.  Nitro- 
glycerin, Stewart  thinks,  has  not  met  expectations  as  a  remedy  in  con- 
ditions of  persistent  high  tension,  and  he  now  uses  it  in  such  cases  less 
frequently  than  formerly,  endeavoring  at  first,  at  least,  to  relieve  by 
limiting  the  nitrogenous  intake  and  maintaining  free  action  of  the  skin 
and  bowels.  Aconite  is  often  substituted  for  nitroglycerin  in  these  cases 
with  advantage. 

It  has  been  used  to  advantage  in  epilepsy,  puerperal  eclamp- 
sia, and  kindred  disorders  in  which  the  arterial  tension  is  high. 
This  phenomenon  is  also  present  in  urcemia. 

DRUGS  WHICH  RESEMBLE  NITROGLYCERIN  IN  THEIR 
PHYSIOLOGICAL  ACTION. 

Erythrol  tetranitrate  is  somewhat  less  active  than  nitro- 
glycerin, but  its  effects  endure  much  longer  and  begin  earlier 
after  its  ingestion.  Its  physiological  action  differs  in  no  way 
from  that  of  nitroglycerin.  Being  also  a  violent  explosive,  tab- 
lets should  alone  be  prescribed. 

CREOSOTE,  CREOSOTE  CARBONATE,  GUAIACOL  AND 
GUAIACOL  CARBONATE. 

Physiological  Action. — Creosote  is  primarily  a  depressant 
of  the  sympathetic  and  vasomotor  centers.*  If  the  patient  be 
markedly  asthenic,  as  the  result  (1)  of  the  disease  from  which 
he  is  suffering;  (2)  of  a  congenital  hypersensitiveness  of  the 
two  vascular  centers  mentioned;*  (3)  of  a  temporary  hypersen- 
sitiveness of  these  centers,  brought  on  by  shock,  pain,  etc.,  even 
a  small  dose  may  provoke  sufficient  general  vasodilation*  to 
cause  an  accumulation  of  blood  in  the  great  central  vessels,  and 
by  depleting  the  peripheral  vessels  cause  marked  hypothermia. 

This  is  a  very  important  feature  of  the  action  of  creosote,  which 
should  be  borne  in  mind  when  it  is  prescribed  in  tuberculosis.  Its 
depressing  action  on  both  vascular  centers  is  illustrated  by  its  effects 
on  the  temperature.  Thus  R.  Simon-^'  states  that  in  some  subjects, 
hypothermia  lasts  as  long  as  creosote  is  employed;  in  one  of  his  cases 
it  remained  1.1°  C.  (2°  F.)  below  normal  during  the  two  months  that 


*  Author's  conclusion. 
Stewart:   Loc.  cit. 

R.  Simon:   "Creosote  Tolerance  et  Intolerance,"  Paris,  1899. 
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it  was  used.  Burlureaux-"  states  that  after  injections  of  creosote  "the 
patient  may  complain  of  a  most  unpleasant  sensation  of  internal  cold; 

his  extremities  are  icy,  and  his  lips  cyanosed  "  Desplats-"" 

found  that,  like  guaiacol,  it  caused  "a  general  and  intense  vasodilation 
with  all  its  consequences."  Even  a  small  dose  may  cause  death  under 
such  conditions.  Zawadzki'^'  reported  a  death  in  a  young  woman  who 
was  taking  18  minims  daily. 

The  production  of  a  temporary  vulnerability  of  the  vascular  cen- 
ters to  the  morbid  effects  of  creosote  is  well  shown  by  various  instances 
reported  by  Simon.  In  several  cases  "the  drug  was  tolerated  perfectly 
before  and  after  an  attack  of  influenza,  but  not  during  this  disease." 
In  another,  large  doses  could  be  taken  excepting  during  menstruation. 
In  some,  the  untoward  effects  came  only  after  the  injections  had  caused 
severe  pain.  In  one  of  Burhireaux's  cases,  it  came  on  immediately  after 
a  painful  traumatism,  etc.  That  advanced  cases  of  tuberculosis  cannot 
bear  creosote,  and  that  certain  persons  are  very  susceptible  to  its  effects, 
is  well  known. 

When  marked  general  asthenia  is  not  joresent,  the  arteries 
and  arterioles  are  only  sufficiently  dilated  to  admit  a  greater 
volume  of  blood  than  usual  into  all  capillaries,*  and  to  reduce 
excessive  vascular  tension.  This  action  is  supplemented  by 
another  which  endows  creosote  with  its  curative  properties  in 
appropriate  cases,  viz.,  it  excites  a  protective  reaction  of  the 
test-organ.*  The  adrenal  center  being  stimulated,  the  quantity 
of  adrenoxidase  in  the  blood  is  increased  and  its  proportion  of 
auto-antitoxin  likewise.*  The  volume  of  arterial  blood  circu- 
lating in  the  capillaries — of  the  lungs,  for  example — is  thus  not 
only  increased,  but  its  bacteriolytic  and  antitoxic  properties  are 
also  enhanced. 

Arloing^''-  fovmd  that  creosote,  as  well  as  eucalyptol,  guaiacol  and 
mercury,  when  injected  repeatedly  into  goats,  caused  their  blood  to  acquire 
the  property  of  "agglutinating  rapidly  and  completely  Koch's  tubercle 
bacilli  suspended  in  homogeneous  emulsions."  He  found  that  in  equal 
volume  this  goat  serum  "agglutinated  somewhat  less  energetically  than 
the  serum  of  goats  which  had  received  tuberculin."  The  connection 
between  this  condition  of  the  blood  and  the  preliminary  depression  of 
the  vascular  centers  produced  by  the  drug  is  illustrated  by  the  hyper- 
thermia, which  occurs  when  the  %pothermia  ceases.  Thus,  Simon  states 
that  in  cases  of  intoxication  the  temperature  becomes  steadily  lower 
until  the  seventh  hour,  when  (under  the  influence  of  the  adrenoxidase, 
which  has  been  accumulating  all  this  time*)  a  reaction  occurs,  the  tem- 
perature gradually  rising  up  to  39°  C.  (102.2°  F.)  or  40°  C.  (104°  F.), 
the  latter  coinciding  with  free  sweating.  This  indicates,  as  Desplats 
says,  "a  sudden  and  general  vasoconstriction,  which  should  not  be  con- 
sidered as  a  sign  of  intoxication.  Indeed,  such  a  reaction  is  the  sign 
of  recovery  even  after  enormous  doses,  as  shown  by  several  cases  on 
record.    In  a  case  of  Faisans's-^'  a  dose  of  9.5  gms.  (146  grains)  taken 

*  Author's  conclusion. 

Burlureaux:    "Traitement  de  la  Tuberculose  par  la  Creosote,"  1894. 
250  Desplats:    Jour,  des  sc.  med.  de  Lille,  vol.  xvii,  pp.  1,  25,  1894. 
=5iZawadzki:    Centralbl.  f.  innere  Med.,  Bd.  xv,  S.  401,  1894. 
=52Arlolng:    C.  r.  de  I'Acad.  des  sc.,  T.  cxxvi.  May  9,  16,  1898. 
2"  Faisans:    Bull.  gen.  de  therap.,  Feb.  8,  1896. 
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surreptitiously  by  tlie  patient  to  hasten  his  cure,  the  hypothermia  was 
succeeded  by  a  temperature  of  38°  C.  ( 100°  F. )  and  hypersesthesia, 
showing  that  the  peripheral  capillaries  were  hypersemic. 

Untoward  Effects  and  Poisoning. — As  shown  by  the  above 
analysis,  the  untoward  symptoms  are  due  to  depression  of  the 
sympathetic  and  vasomotor  centers,*  and  tl:ie  resulting  general 
vasodilation.  The  blood  accumulating  in  the  deeper  vessels,  the 
subjective  signs  are  progressive  hypothermia  with  sensation  of 
intense  cold,  cold  sweats,  contracted  pupil,  vertigo,  marked 
adynamia,  cyanosis,  and  unconsciousness  with  involuntary 
emesis  and  micturition — on  the  whole  a  cholera-like  syndrome — 
due  to  ischgemia  of  the  peripheral  organs.  In  markedly  debil- 
itated individuals  collapse  may  occur,  and  death  follow  respira- 
tory failure. 

In  the  majority  of  cases,  however,  after  a  period  of  six  or 
seven  hours,  the  drug  is  suflBciently  modified  by  the  blood's 
auto-antitoxin*  (especially  adrenoxidase,  which  by  oxidizing  it 
turns  it  black*)  to  lose  its  depressing  power  over  the  vascular 
centers,*  and  the  tide  turns.  The  blood-vessels  not  only  resume 
their  normal  caliber,  sometimes  suddenly,  but  the  reaction  of 
the  test-organ,  which  the  presence  of  the  drug  in  the  blood  has 
excited  all  along.*  having  caused  overactivity  of  the  adrenal 
center  and,  as  a  result,  an  accumulation  of  adrenoxidase  in  the 
blood,*  evokes  the  hyperthermia  referred  to.  which  may  reach 
104°  F.  (40°C.).  The  cutaneous  and  cerebro-spinal  vessels 
being  now  overfilled  with  blood,  general  hypergesthesia,  hallu- 
cinations, talkative  delirium,  dilation  of  the  pupil,  restlessness 
and  trismus  may  occur.  The  urine  is  usually  smoky,  owing  to 
its  content  in  oxidized  creosote* — the  oxidation*  continuing  in 
some  instances  when  the  urine  is  exposed  to  the  oxygen  of  the 
air.    The  patient  soon  recovers  completely. 

The  untoward  effects  are  not  necessarily  caused  by  large  doses 
only.  Simon  refers  to  cases  in  which  doses  as  small  as  ^/i2  minim 
(0.0012  c.c.)  and  5  minims  (0.3  c.c. )  brought  them  on.  It  depends 
entirely  upon  the  condition  of  the  patient,  i.e.,  from  my  standpoint,  of 
the  sensitiveness  of  his  vascular  centers.  In  such  cases  these  centers 
are  on  the  verge  of  collapse,  and  this  may  occur  in  persons  who  have 
been  taking  the  drug  right  along,  owing,  we  have  seen,  to  the  debilitating 
action  on  the  patient's  sensorium  commune  of  some  intercurrent  in- 
fluence, menstruation,  grippe,  pain,  etc.  Neither  sex  nor  age  influences 
the  production  of  these  phenomena.  Lamplough,""*  who  treated  100 
cases  without  meeting  with  untoward  effects,  gave  children  from  two 

*  Author's  conclusion. 

2"  Lamplougli :   Brit.  Med.  Jour.,  May  28,  1898. 
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to  five  years  of  age  30  minims  (2  e.c. )  daily.  He  followed  strictly  a  rule 
which  should  never  be  set  aside  when  creosote  is  used,  viz.,  to  begin  with 
very  small  doses  so  as  to  test  the  patient's  sensitiveness.  8choulP° 
used  it  safely  in  patients  ranging  from  two  months  old  to  ninety-one  years 
of  age.  This  does  not  mean  that  extreme  ages  are  free  from  its  toxic 
effects.  Marcard-^^  observed  a  fatal  case  of  poisoning  in  an  infant  four 
weeks  old,  in  which  the  most  prominent  symptom  was  cyanosis. 

The  identity  of  creosote  as  a  derivative  of  wood-tar  accounts  for 
the  fact  that  it  may  become  oxidized  in  the  blood.  Wood-''  states,  in 
fact,  that  "it  occurs  in  the  urine  probably  in  part  as  oxidized  educts." 
We  have  seen  that,  as  shown  by  Bertrand,  Loew  and  many  others,  plants 
contain  a  ferment  which  becomes  oxidized  and  black  on  exposure  to  oxy- 
gen. That  the  process  of  distillation  liberates  such  a  ferment  is  prob- 
able. Simon,  referring  to  instances  of  poisoning,  states  that  "the  urine 
may  be  already  black  on  leaving  the  bladder,  or  it  may  blacken  very 
rapidly  on  being  exposed  to  the  air."  This  suggests  that  the  vegetable 
ferment  might  prove  active  in  the  blood,  but  many  facts  indicate  that 
such  is  not  the  case. 

The  treatment  of  creosote  poisoning  is  described  in  a  spe- 
cial section  at  the  end  of  this  volume. 

Therapeutics. — Creosote  carbonate  which  contains  ninety 
per  cent,  of  creosote  is  preferable  to  pure  creosote.  It  is  an 
oily,  tasteless  liquid  which  can  be  readily  administered  in  cap- 
sules. In  lohar  pneumonia  creosote  is  of  very  great  value  during 
the  early  stages,  when  the  diseased  area  is  engorged.  A  danger- 
ous feature  of  this  stage  is  the  excessive  vascular  tension.  The 
drug  not  only  counteracts  this  condition,  but  it  opens  the  chan- 
nels through  which  the  auto-antitoxin-laden  blood  can  penetrate 
to  the  diseased  lobes.*  The  pneumococcus  being  readily  killed, 
creosote  often  becomes  a  life-saving  measure.  This  applies  as 
well  to  hroncho-pneumonia.  In  pulmonary  tuberculosis,  the 
slight  vasodilation  prodticed  likewise  enables  the  arterial  blood 
laden  with  antitoxin  to  reach  more  freely  the  diseased  portions 
of  the  lung,*  and  thus  to  enhance  the  local  reparative  process. 
The  manner  in  which  it  is  to  be  used  is  indicated  under  the 
headings  of  these  various  disorders. 

Ouaiacol  may  be  used  instead  of  the  foregoing,  but  the 
gvxiiacol  carbonate  is  less  toxic  and  should  be  given  the  prefer- 
ence. A  curious  property  of  guaiacol  is  to  produce,  when  painted 
on  the  skin,  a  more  or  less  marked  hypothermia.  It  does  this 
by  depressing  reflexly  the  vasomotor  and  sympathetic  centers.* 

*  Author's  conclusion. 

=^Schoull:   Jour,  des  praticiens,  vol.  xi,  p.  373,  1897. 

=^3Marcard:  Vjhrsch.  f.  gericht.  Med.  u.  S.,  Supp.-Hft,  S.  20,  1889; 
Schmidt's  Jahrbiicher,  Bd.  ccii,  S.  269,  1889. 

2s"w^ood:   hoc.  cit.,  thirteenth  edition,  p.  843,  190S. 
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Vasodilation  thus  produced  is  of  advantage  as  an  emergency 
measure,  as  will  be  shown,  but  not  in  the  treatment  of  the  dis- 
orders in  which,  on  the  other  hand,  creosote  and  creosote  carbon- 
ate are  of  great  value.* 

Carbolic  acid  acts  much  as  does  creosote,  but  it  is  more  ac- 
tive as  a  stimulant  of  the  adrenal  mechanism,  and  the  depress- 
ing action  on  the  sympathetic  and  vasomotor  centers  is  antagon- 
ized almost  from  the  start  by  a  large  increase  of  adrenoxidase.* 
Toxic  doses,  however,  likewise  paralyze  the  vascular  centers,  and 
produce  marked  hypothermia.  The  internal  use  of  carbolic 
acid  is  especially  interesting  on  account  of  Baccelli's  success 
with  it  in  tetanus.  His  results  are  accounted  for  by  the  fact 
that,  the  proportion  of  auto-antitoxin  in  the  blood  being  greatly 
increased  by  the  drug,  the  spasmogenic  poison  is  actively 
destroyed.* 

*  Author's  conclusion. 
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THE  INTEEXAL  SECRETIONS  IX  THEIR  RELATIONS 
TO  PHARMACODYNAMICS  (Continued). 

THE  BLOOD-PLASMA  OF  TEREESTRIAL  ANBIALS  AS  THE 
FUNCTIONAL  HOMOLOGUE  OF  SEA- WATER. 

The  kinship  between  the  blood-plasma  of  vertebrates  and 
sea-water  was  referred  to  in  the  first  volume.  I  wrote  at  the 
time  :^  "The  many  vestigial  structures  which  the  human  frame 
exhibits  as  relics  of  its  evolutional  past  not  only  include  evi- 
dences of  a  primitive  aquatic  existence,  the  embryonic  branchial 
or  gill-clefts  and  the  pituitary  bodies,  for  instance;  but  the 
plasma  in  which  all  the  cells  of  the  organism  bathe  may  be 
said  also  to  typify  the  original  medium."  Since  then,  the  ques- 
tion has  received  considerable  attention,  as  shown  by  the  quota- 
tions submitted  below,  which  indicate  that  the  subject  as  a  whole 
harmonizes  perfectly  with  the  soundest  teachings  of  many 
branches  of  science. 

Rene  Quinton,  who  pointed  out  this  similarity  between  sea- 
water  and  the  blood-plasma,  in  1900  at  the  XIII  International 
Congress,  more  recently  presented  the  results  of  additional  in- 
vestigations before  the  Paris  Academy  of  Sciences.  "In 
M.  Quinton's  view,"  says  a  correspondent,^  "sea-water  is  the 
natural  source  from  which,  as  Haeckel  believes,  those  elemen- 
tary bodies  have  their  rise,  which  in  turn  develop  into  every 
other  species,  human  beings  included.  The  environment  in 
which  the  anatomical  elements  of  living  creatures  exist  is 
neither  more  nor  less  than  a  marine  one.  Our  tissues  and 
cells  continue  to  exert  their  functions  in  a  fluid  the  composi- 
tion of  which  presents  the  closest  resemblance  to  that  of  sea- 
water.  Hitherto  the  number  of  elements  entering  into  the 
composition  of  a  living  body  has  been  considered  to  be  about 
fifteen.  But  the  researches  of  M.  Quinton  have  shown  the 
existence  of  traces  of  at  least  some  fourteen  other  elements  which 

1  Cf.  vol.  i,  p.  788,  1903. 

2  Paris  Correspondent:   Lancet,  Apr.  16,  1904. 
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are  also  found  in  sea-water,  such  as  copper,  lead,  silver,  gold, 
and  others.  Further,  if  an  animal  be  bled  to  exhaustion  and 
the  place  of  the  blood  be  supplied  by  sea-water,  on  the  morrow 
the  animal  will  have  regained  its  strength,  and  at  the  end  of 
five  days  its  recovery  is  complete.  M.  Quinton  has  injected 
into  animals  a  quantity  of  sea-water  greater  than  their  own 
body  weight  without  any  toxic  effects,  whereas  an  injection  of 
pure  water  brings  about  death.  Sea-water  then  appears  to  be 
the  nutrient  fluid  of  animals,  their  natural  plasma  in  fact." 

Other  observers  have  lately  taken  up  the  question.  Macal- 
lum,  of  Toronto,^  finds  from  geological  evidence  "that  in  the 
ocean  of  the  earliest  period  the  relative  proportions  of  the  ele- 
ments :  sodium,  potassium,  calcium  and  magnesium  approxi- 
mated to  those  found  in  river  discharges  or  in  fresh  water  shed 
from  areas  covered  with  archgean  rocks.  This  condition  must 
have  continued  until  living  forms  made  their  appearance  in 
the  ocean,  when  the  gradual  elimination  of  the  magnesium,  and 
particularly  of  the  potassium  and  calcium,  began.  The  living 
forms  were  in  all  probability  unicellular;  and  'as  the  period 
must  have  been  of  great  duration,  the  organisms  and  their  pro- 
toplasm acquired  a  fixed  relation  to  the  four  elements.'  In  the 
transition  from  the  ocean  of  the  more  ancient  composition 
to  that  of  the  present,  the  unicellular  forms  became  multicel- 
lular, and  developed  circulatory  systems,  the  vascular  fluids 
of  which  were  at  first  simply  modified  sea-water.  Pro- 
fessor Macallum  lays  stress  on  the  resemblance  between  the 
blood-plasma  of  vertebrates  and  sea-water  as  regards  the  rela- 
tive proportions  in  which  sodium,  potassium  and  calcium  are 
present,  and  considers  this  similarity  to  be  due  to  heredity, 
'the  proportions  of  the  saline  constituents  of  the  plasma  being  a 
reproduction  of  the  proportions  which  obtained  in  sea-water 
when  circulating  plasmata  were  developed.'  He  thinks  the 
same  general  principle  holds  good  for  protoplasm  as  well,  and 
maintains  that  both  animal  and  vegetable  protoplasm  dsrive 
their  relations  to  the  elements,  sodium,  potassium,  calcium  and 
magnesium,  from  the  composition  of  sea-water  which  obtained 
when  all  forms  were  unicellular."* 


'  MacaUum:  Trans.  Canadian  Institute,  p.  181,  vol.  1903-4. 
*  Editorial:   Brit.  Med.  Jour.,  July  9,  1904. 
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The  researches  of  Jacques  Loeb,^  and  the  investigations 
of  Matthews,  Fischer  and  others,  have  also  shown  that  "the 
solution  which  is  most  favorable  to  the  life  of  the  tissues  is 
one  which  contains  a  number  of  salts,  and  these  in  the  same 
concentration  in  which  they  exist  in  sea-water.  The  excess, 
deficiency  or  removal  of  one  or  more  of  these  salts  disturbs  the 
equilibrium  of  the  solution,  which  becomes  toxic  for  the  animal 
cell.  The  practical  application  of  this  fact  is  obvious.  The  nor- 
mal salt  solution  of  the  future  will  be  one  having  practically 
the  same  composition  as  sea-water,  if  not  sea-water  itself. 

"It  is  easy  to  explain  the  reason  for  this  predilection  of 
the  animal  cell  for  an  environment  having  the  same  saline  con- 
tent and  concentration  as  the  water  of  the  ocean.  During  the 
dawn  of  life  all  cells  lived  amid  this  environment,  and  the 
chemical  and  physical  structure  of  protoplasm  became  adapted 
to  the  chemical  and  physical  characteristics  of  the  surround- 
ing medium.  In  spite  of  the  enormous  lapse  of  time,  and  the 
complex  elaboration  of  the  simple  protoplasmic  units  into  the 
higher  animal  forms,  the  former  still  retain  the  ingrained  habits 
of  their  primitive  life."" 

Professor  Bunge,  of  Basle,''  states  that  he  is  "convinced 
that  the  remarkably  high  percentage  of  salt  in  vertebrate  ani- 
mals, as  well  as  the  desire  to  take  salt  with  our  food,  can  only 
be  satisfactorily  explained  by  the  theory  of  evolution."  He 
also  remarks  in  this  connection :  "The  land  vertebrates  are  all 
remarkably  rich  in  salt,  in  spite  of  the  scanty  supply  around 
them.  But  even  these  are  only  apparent  exceptions.  We  need 
but  remember  the  fact  that  the  first  vertebrates  on  our  planet 
all  lived  in  the  sea.  Is  not  the  large  amount  of  chloride  of 
sodium  found  in  the  present  inhabitants  of  dry  land  another 
proof  of  the  genealogical  connection,  which  we  are  forced  to 
accept  from  morphological  facts?  There  is  no  doubt  that  each 
of  us  in  his  individual  development  has  gone  through  a  stage 
in  which  he  still  possessed  the  chorda  dorsalis  and  the  branchial 
arches  of  his  sea-dwelling  ancestors.  Why  may  not  the  high 
average  of  salt  in  our  tissues  be  also  inherited  from  them? 


^Jacques  Loeb:    Pfluger's  Archiv,  Bd.  cvii,  S.  252,  1905. 
"Editorial:    Med.  News,  Sept.  9,  1905. 

'  Bunge:  "Physiologic  and  Pathologic  Chemistry,"  Eng.  Trans,  by  Starling, 
pp.  101,  102,  1902. 
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"If  this  interpretation  be  correct,  we  should  expect  that  the 
younger  the  vertebrates  are  in  their  individual  development,  the 
more  salt  they  would  possess.  This  is  in  fact  the  case.  I  have 
convinced  myself  by  numerous  experiments  that  an  embryo  of 
a  mammal  contains  more  salt  than  a  new-born  animal,  and  that 
it  gradually  becomes,  after  birth,  poorer  in  chlorine  and  sodium 
as  it  develops.  Cartilage  contains  the  most  sodium  of  any  tis- 
sue in  our  bodies,  besides  being  also  the  tissue  of  greatest  an- 
tiquity. It  is  histologically  identical  with  the  tissue  which  still 
survives  in  the  skeleton  of  the  Selachians,  a  sea-water  animal, 
during  its  whole  life.  The  human  skeleton,  as  every  one  knows, 
is  originally  also  composed  of  cartilage,  and  even  before  birth 
much  of  this  is  replaced  by  bone.  This  phenomenon  cannot  be 
understood  on  teleological  grounds;  it  can  only  be  explained 
by  the  theory  of  evolution." 

These  quotations — purposely  used  to  preserve  the  full 
force  of  the  evidence  they  contribute — indicate  how  far-reach- 
ing was  Claude  Bernard's  conclusion*  that  the  blood  is  "an 
internal  medium  in  which  anatomical  elements  live  as  do  fishes 
in  water."  Indeed  our  own.  bodies  are  but  colonies  of  aquatic 
animals,  of  unicellular  organisms  that  live  precisely  as  do 
unicellular  organisms  in  their  primordial  habitat,  the  seas. 
Here  these  minute  cells  absorb  their  food  from  the  surrounding 
medium;  they  assimilate  it  and  reject  their  wastes  as  do  our 
cells  in  the  lymph  of  the  intercellular  spaces.  Immobilized, 
however,  when,  as  cell-colonies,  they  constitute  organs,  they  are 
unable  to  provide  for  themselves;  we  have  seen  how  Nature 
meets  the  needs  of  this  new  state  of  things :  even  in  the  lowly 
sponge,  free  amoeboid  cells,  leucocytes,  act  as  food-purveyors — 
the  type  of  the  nutritional  process  (as  interpreted  from  my 
standpoint)  in  all  multicellular  organisms,  including  our  own. 
In  the  lower  form  the  amoeboid  messengers  gather  the  food- 
stuffs from  the  marine  medium;  in  the  higher,  they  collect 
them  from  the  alimentary  canal.  But  the  walls  of  this  identical 
channel,  where  antecedent  living  matter  is  taken  up  to  be  car- 
ried where  it  will  again  assume  the  living  state,  are  the  seat  of 
another  phenomenon :  the  absorption  of  water  which,  with  what 


Claude  Bernard:   "Lecons  sur  les  proprietes  des  tissus  vivants,"  pp.  55-58, 
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salts  the  food  contains — sodium  chloride  mainly — serves  to 
elaborate  the  original  fluid  in  which  our  "anatomical  elements 
can  live  as  do  fishes  in  water,"  and  differing  only  from  that  of 
the  ocean,  as  to  constituents,  in  that  it  courses  in  canalicular 
systems. 

It  would  appear  as  if,  gradually  as  the  cells  are  grouped 
into  increasingly  complex  colonies  until  an  organization  such  as 
that  of  man  is  reached,  their  chances  of  life  should  be  cor- 
respondingly reduced.  Especially  does  such  a  conclusion  seem 
to  impose  itself  when  we  realize  that  long  before  the  higher 
mammals  are  reached,  the  preservation  of  the  living  state  de- 
pends upon  a  multitude  of  factors;  that  the  structure  as  a 
whole  is  disposed  into  organs  having  totally  different  functions, 
secretory,  contractile,  nervous,  etc.,  which  in  turn  are  disposed 
into  systems  whose  functions  include  chemical  processes  of 
various  kinds,  respiratory,  digestive,  excretory,  etc.  Yet  such 
does  not  appear  to  be  the  case  under  normal  conditions,  i.e., 
when  the  physiological  functions  of  even  the  higher  animal  are 
carried  on  in  accord  with  provisions  of  Nature.  The  normal 
longevity  of  the  parrot,  of  the  elephant,  of  man  and  other  ani- 
mals attests  to  this :  it  affords  proof  that  increased  complexity 
does  not  entail  increased  vulnerability.  The  reason  for  this 
becomes  apparent  when  function  is  reduced  to  its  simplest  ex- 
pression in  the  light  of  my  own  views :  whenever  an  exacerbation 
of  activity  becomes  manifest,  it  is  always  evoked  by  an  increased 
flow  of  an  oxygen-laden  fluid  whose  physical  and  chemical  prop- 
erties are  those  of  the  sea,  around  cells  specifically  disposed  to 
determine  the  function.  Even  the  nerve-cell  with  its  elon- 
gated axis-cylinder,  its  tufts  of  dendrites,  the  minute  fibrils 
that  connect  it  with  other  cells,  the  neuroglia,  etc.,  (as  I  inter- 
pret them)  are  channels  for  the  adrenoxidase-laden  plasma 
analogous,  as  to  its  qualitative  attributes,  to  the  primordial  seas 
— a  small  cosmos,  it  is  true,  but  a  cosmos  nevertheless. 

If  a  living  muscle,  a  nerve,  etc.,  be  immersed,  as  was  done 
by  Overton,^  in  solutions  of  various  salts,  a  striking  fact  as- 
serts itself,  viz.,  that  the  nearer  the  composition  of  sea-water 
is  approached,  the  longer  does  the  organ  preserve  its  functional 
activity.    Need  we  wonder  that  the  effect  of  saline  solution, 


Overton:   Pfliiger's  Archiv,  Bd.  cv,  S.  176,  1904. 
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which,  injected  into  our  tissues,  meets  therein  all  the  other  salts 
of  sea-water,  should,  as  another  editorial  writer^"  says,  be  "little 
short  of  miraculous?"  It  is  but  a  bit  of  the  ocean  that  the 
moribund  receives,  but  to  his  cell — marine-cells — it  is  the  one 
medium  compatible  with  life. 

MARINE  SALTS  AS  ACTIVE  PARTICIPANTS  IN  THE 
BODY'S  DEFENSIVE  FUNCTIONS. 

The  defensive  properties  of  all  the  body  fluids,  the  blood, 
lymph,  serum,  etc.,  including  the  digestive  ferments  of  phago- 
cytes, can  only  be  exercised  efficiently  when  the  alkalinity  of 
these  fluids  is  adequate.*  When,  owing  to  the  presence  of  a 
pathogenic  substance,  a  toxin,  a  poison,  toxic  wastes,  etc.,  the 
proportion  of  auto-antitoxin  is  augmented  in  the  blood,*  the 
alkalinity  of  the  latter  must  increase  proportionally;  otherwise 
the  bacteriolytic  and  antitoxic  action  of  the  antitoxin  is  in- 
hibited* and  the  defensive  process  is  weakened  in  proportion. 

The  alkalinity  of  the  blood,  lymph,  etc.,  is  due  to  the  pres- 
ence of  sodium  and  potassium  phosphates,  which  are  intimately 
associated,  and  generally  referred  to  as  the  "alkaline  phos- 
phates." Closely  associated  with  these  salts  are  the  alkaline 
carbonates  (sodium  carbonate  and  bicarbonate,  and  potassium 
carbonate).  They  assist  the  former  in  giving  the  blood  and 
lymph  their  alkalinity,  but  they  also  enable  the  plasma  to  absorb 
carbonic  acid  from  the  tissues  and  to  eliminate  this  gas.  After 
fulfilling  their  functions  the  alkaline  phosphates  are  excreted  in 
the  perspiration  and  urine:  about  4.5  gms.  (68  grains)  being 
eliminated  in  the  latter  daily  by  a  normal  adult. 

The  relationship  of  the  blood's  alkalinity  to  the  defensive  functions 
of  the  body  has  been  urged  by  several  experimenters.  Charrin"  gives 
the  blood's  alkaline  reaction  the  first  place  in  the  immunizing  processes 
of  the  body.  It  increases  leucocytogenesis,  and,  therefore,  the  number  of 
phagocytes  available.  Lowy  and  Richter"  noted  that  the  leucocytes 
increased  in  number  in  proportion  as  the  alkalinity  became  more  marked. 
We  have  seen  that  trypsin  is  the  active  proteolytic  agent  in  the  germi- 
cidal and  antitoxic  substance — including  Buchner's  alexin.  Metchni- 
koff'^  states  that  alexin  "acts  only  in  the  presence  of  salts.  When 
relieved  of  its  salts  by  dialysis,  the  serum  loses  its  hsemolytic  power, 
but  as  soon  as  these  salts  are  restored  to  it,  this  power  reappears."  As 
(in  the  light  of  my  views)  these  same  defensive  substances  are  the  active 

*  Author's  conclusion. 
"Editorial:    Medicine,  Sept.,  1901. 

^'^Charrin:    "Les  defenses  naturelles  de  I'organisme,"  1898. 

12  Lowy  and  Richter:    Vircliow's  Archiv,  Bd.  cxlv.  S.  49,  1896. 

^  Metchnikoff :    "L'Immunite  dans  les  mal.  infectieuses,"  p.  93,  1901. 
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agents  in  tissue  metabolism,  a  corresponding  relationship  between  this 
process  and  the  blood's  alkalinity  should  exist.  Gautrelet"  noted  an 
absolute  parallelism  between  metabolism  and  the  alkalinity  of  the  blood, 
i.e.,  nutrition  was  found  low  when  the  alkalescence  was  low,  and  vice 
versa,  both  in  man  and  in  the  lower  animals.  The  blood's  alkalinity  is 
intimately  related  with  the  energizing  agent  in  auto-antitoxin,  namely, 
adrenoxidase.  Thus,  whi4e  Orlowsky^^  found  that  the  alkalinity  of  the 
blood  in  various  diseases  is  proportionate  with  the  number  of  red  cor- 
puscles, declining  Avhen  these  ai'e  few  and  increasing  as  their  number 
increases  (the  leueocytosis  influencing  the  alkalinity  in  no  way), 
Mylius'"  found  that,  although  the  red  corpuscles  themselves  were  neutral 
or  acid,  the  blood-platelets  were  strongly  alkaline.  Now,  I  have  shown" 
that  these  platelets  were  droplets  of  adrenoxidase. 

The  experimental  application  of  these  facts  in  infection  proves 
their  importance.  The  researches  of  Behring  and  Nissen,"-'  for  example, 
concluded  that  the  resistance  of  the  white  rat  to  anthrax  was  due  to  the 
intense  alkalinity  of  its  blood.  Paul  found  that  when  the  alkalinity  of 
the  rabbit's  blood  was  neutralized,  its  germicidal  power  disappeared. 
Calabrese'*  found  that  the  alkalinity  of  the  blood  increased  with  the 
degree  of  immunization,  and  that  the  blood  reacted  against  a  toxic  by 
a  steady  increase  of  alkalinity.  In  comparative  experiments  in  a  large 
number  of  animals,  von  Fodor-°  found  that  their  resistance  to  the 
anthrax,  cholera,  tubercle  and  streptococcus  inoculations  was  greatly 
increased  when  sodium  bicarbonate  was  administered,  either  subcutane- 
ously  or  orally. 

Sodium  Chloride,  though  a  neutral  salt,  is  a  most  important 
inorganic  constituent  of  the  body  fluids :  Owing  to  the  small- 
ness  of  its  molecules  (58.5)  and  its  chemical  inertia,  it  is 
preeminently  the  salt  which  maintains  the  osmotic  equilibrium 
between  the  tissues  and  the  blood.  When  the  supply  is  inade- 
quate, all  the  functions  are  hampered,  since  it  is  the  solvent  of 
adrenoxidase*  (serum  globulin).  By  holding  the  latter  in  so- 
lution it  insures  its  free  circulation  as  a  constituent  of  the 
plasma  in  all  vessels  down  to  the  minutest  capillary  networks 
distributed  to  cellular  elements,  including  those  of  the  nervous 
system :  the  axis-cylinders  and  other  neuro-fibrils,  the  networks 
of  neurons,  their  dendrites,  etc.*  This  also  enables  the  adren- 
oxidase-laden*  plasma  to  transude  freely  through  the  capillary 
walls  in  order  to  reach  the  tissue-cells,  i.e.,  to  carry  on  the  life 
process.  The  free  osmotic  properties  which  the  lymph  in  the 
tissue-spaces  also  owes  to  sodium  chloride  insures  another  im- 
portant function,  viz.,  that  of  sweeping  away  by  the  lymph-cur- 
rent of  all  wastes  derived  from  the  cell. 

*  Author's  conclusion. 

"Gautrelet:    Arch.  gen.  de  med.,  Mar.  27,  1906. 
i^Orlowsky:    Deut.  med.  Woch.,  Bd.  xxix,  S.  601,  1903. 
"  Mylius:    Cited  by  Labb4:    Presse  med.,  vol.  ix,  p.  999,  1902. 
"  Ct.  vol.  i,  p.  715,  and  vol.  ii,  p.  826. 

'8  Behring  and  Nissen:    Zeit.  t.  Hygiene,  Bd.  viii,  S.  412.  1890. 

'°  Calabrese:    La  semaine  med.,  vol.  xv,  p.  467,  1895. 

'"von  Fodor:   Centralbl.  f.  Bakt.  u.  Parasit.,  Bd.  xvii,  S.  225,  1895. 
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The  influence  of  sodium  chloride  on  osmosis  is  so  well  known  that 
e\idence  to  that  effect  is  not  required.  The  extent  to  which  it  enhances 
the  efficiency  of  the  protective  processes  in  infection  may  be  illustrated 
by  a  few  examples.  Lubomoudrov^  found  that  a  saline  solution  com- 
posed of  0.5  per  cent,  of  sodium  chloride  and  1  per  cent,  of  sodium  sul- 
phate in  distilled  water,  injected  intraperitoneally  or  subcutaneously, 
caused  leucocytosis  and  increased  phagocytosis.  They  retarded  the 
development  of  typhoid  and  cholera  bacteria,  and  in  some  instances 
caused  its  destruction.  Prophylactic  injections,  given  twenty-four  hours 
before  inoculation,  enabled  guinea-pigs  to  resist  a  dose  from  two  to  three 
times  as  large  as  that  which  killed  controls.  It  becomes  a  question, 
however,  which  of  the  two  salts  mentioned  insured  these  results.  It  is 
evidently  not  the  sodium  sulphate,  for  sodium  and  potassium  sulphate, 
though  found  in  practically  all  the  fluids  of  the  body  and  eliminated  at 
the  rate  of  about  4  gms.  (60  grains)  daily  in  the  urine,  are  in  reality 
but  excretory  products  derived  from  the  oxidation  of  proteids  and  other 
organic  substances  containing  sulphur. 

Converselj',  a  multitude  of  clinical  facts  on  record— some  of  which 
will  be  submitted  later — have  shown  that  sodium  chloride  in  "decinor- 
mal  saline  solution"  produces  precisely  the  effects  noted  by  Lubomou- 
drov."^ 

Experimental  researches  point  in  the  same  direction.  Lesn6  and 
Eichet,  Jr.,-^  for  instance,  found  that  if,  after  injecting  a  solution  of 
potassium  iodide  into  two  dogs,  sodium  chloride  solution  was  also 
injected  in  the  blood  of  one  of  the  dogs,  toxic  phenomena  came  on  in  the 
latter  only  after  1.16  gm.  (17  grains)  per  kilo  of  animal  had  been  given, 
whereas  in  the  dog  deprived  of  the  saline  they  appeared  when  0.32  gm. 
(5  grains)  per  kilo  had  been  reached.  Ercklentz-^  also  found  that  ani- 
mals given  fatal  doses  of  a  toxic  and  saved  by  saline  solution,  showed 
little  pathological  trace  of  the  intoxication  when  killed,  while  animals 
left  to  die,  i.e.,  without  saline  solution,  showed  marked  histological 
alterations.  F.  J.  Bose  and  V.  Vidal,-^  in  fact,  ascertained  experiment- 
ally that  the  solution  of  sodium  chloride  and  sodium  sulphate,  equal 
parts  (7  per  mille),  did  not  present  any  difference  in  results  from  those 
of  the  ordinary  saline.  Their  researches  imposed  the  conclusion  that 
simple  saline  solution  of  the  above  strength  possesses  the  minimum  of 
harmful  effects  and  the  maximum  of  physiological  effects,  and  should  be 
the  solution  of  choice  for  massive  intravenous  injections. 

Therapeutics. — Sodium  chloride  is  a  potent  adjunct  in 
many  morbid  processes,  especially  in  febrile  diseases,  because  it 
maintains  the  fluidity  and  circulatory  freedom  of  the  auto- 
antitoxin-laden  plasma.*  It  insures  the  access  of  the  plasmatic 
adrenoxidase  to  the  diseased  area  and.  owing  to  the  thyroidase 
it  contains,  it  sensitizes  (as  opsonin)  the  bacteria,  detritus,  etc., 
thus  facilitating  their  ingestion  and  destruction  by  the  phago- 
cytes.* It  also  enables  these  cells,  as  well  as  the  leucocytes, 
which  supply  nucleo-proteid  granules  and  trypsin  to  the  plasma, 

*  Author's  conclusion. 

21  Lubomoudrov:   Annales  de  I'lnst.  Pasteur,  vol.  xix,  p.  573,  1905. 

Lubomoudrov:  Ibid. 
»  Lesne  and  Richet,  Jr.:    ProgrSs  med.,  Mar.  28,  1903. 
'■i  Ercklentz :    Therapie  der  Gegenwart,  Jan..  1903. 

*F.  J.  Bosc  and  V.  Vidal:   Arch,  de  physiol.,  5  serie,  vol.  viii,  p.  937,  1896. 
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to  migrate  freely  to  the  exposed  region  and  carry  on  their  pro- 
tective function  efficaciously.* 

Over  one-half  ounce  of  sodium  chloride  being  eliminated 
daily  with  the  urine,  the  sweat,  faeces,  etc.,  the  reduced  diet  and 
the  anorexia  prevent,  especially  during  febrile  diseases,  its  be- 
ing replaced  through  its  normal  source,  the  food.*  The  body's 
supply  becoming  inadequate  verj'  soon,  the  protective  functions 
are  hampered  in  proportion  as  the  deficiency  of  the  salt  is 
marked.*   This  is  a  fruitful  cause  of  death  in  all  infections.* 

This  applies  as  well  to  the  alkaline  salts,  the  elimination  of 
which  proceeds  at  the  rate  of  about  68  grains  daily  in  the  urine 
alone.  Graduall}'  as  their  proportion  in  the  blood  becomes  re- 
•  duced,  both  the  nutrition  of  the  body  and  the  activity  of  its 
defensive  process,  plasmatic  and  cellular,  are  correspondingly 
inhibited,  irrespective  of  the  remedies  administered.* 

In  accord  with  the  teachings  of  physiology,  Hutchison^  states  that 
the  considerable  increase  of  alkalinity  during  the  ingestion  of  food  is 
synchronous  with  the  appearance  of  the  ''alkaline  tide  in  the  urine." 
He  explains  this  alkalinity,  at  least  in  part,  "by  the  absorption  of  alka- 
line salts  from  the  food."  The  quantity  thus  eliminated  is  very  large. 
Thus  Halliburton-'  says  of  sodium  chloride  { common  salt ) ,  that  "about 
16  gms.  (247  grains)  are  daily  excreted  in  the  urine,  and  smaller  quan- 
tities in  the  sweat  and  faeces."  Halliburton  also  says  in  this  connection 
that  "during  its  passage  through  the  body,  it  facilitates  the  absorption 
of  proteid  food,  and  increases  tissue  metabolism."  This  applies  as  well 
to  morbid  states.  Thus,  Fornaca  and  iNIicheli^  found  that  the  physio- 
logical salt  solution  increased  nutrition  in  convalescents,  and  the  pro- 
portion of  red  corpuscles.  The  anorexia  and  reduced  nutrition  which 
accompany  febrile  diseases  necessarily  follow  from  the  well-known  fact 
mentioned  by  Labbe^  that  during  digestion  the  alkalinity  decreases, 
while  it  is  lowered  during  fasting. 

In  diseases  in  which  the  intake  of  food  is  reduced,  the  pro- 
portion of  the  various  salts  in  the  blood  should  not,  as  is  now 
the  case,  be  taken  as  guide  for  the  elaboration  of  artificial  sera, 
since  the  excretion  of  these  salts  with,  or  as,  wastes,  does  not 
correspond  with  this  proportion.*  The  aim  should  be  to  com- 
pensate for  the  salts  of  which  the  body  is  deprived  through  the 
reduced  diet,  to  enable  it  to  carry  on  its  bacteriolytic  and  anti- 
toxic functions  to  the  best  advantage.*  To  neglect  this  factor 
in  a  febrile  case  is  to  compromise  the  issue. 


*  Author's  ronrluHon. 

Hutchison:    Lancet.  Mar.  7,  1896. 
27  Halliburton:    Sehafer's  "T.  B.  of  Physiol.."  vol.  i,  p.  77,  1898. 
^Fornaca  and  Micheli:   Riforma  medica,  vol.  xviii,  ii,  p.  374.  1902. 
2»Labbe:   Presse  medicale,  Get  18,  1902. 
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Since  I  pointed  out™  the  importance  of  supplying  the  patient  in  all 
febrile  diseases,  fiom  the  beginning,  the  salts  he  fails  to  receive  owing 
to  the  reduced  diet  which  his  sickness  entails,  a  number  of  clinicians 
have  carried  out  this  plan,  as  to  the  sodium  chloride,  with  marked 
advantage,  as  will  be  shown  under  "Treatment"  of  the  various  dis- 
eases in  which  this  measure  is  indicated.  J.  B.  Todd,  of  Syracuse,  hav- 
ing found  that  saline  solutions  were  as  effective  when  used  as  beverages, 
as  when  given  subcutaneously  or  by  enema,  while  J.  Madison  Taylor,  of 
Philadelphia,  found  that  the  ordinary  saline  solution  tablets  fulfilled 
the  object  admirably  for  the  preparation  of  the  beverages,  there  is  no 
ground,  on  the  plea  of  complicated  technique,  to  deprive  the  patient 
of  a  measure  which  in  acute  fevers  is  of  greater  importance  than  any 
drug. 

On  the  whole,  the  proportion  of  sodium  chloride  and  alka- 
line salts  to  be  administered  should  correspond  with  the  diminu- 
tion of  nourishment  which  the  disease,  in  one  way  or  another, 
entails.*  If  the  patient  receives  in  the  twenty-four  hours  one 
quarter  of  his  usual  food,  the  salts  given  should  be  three- 
quarters  of  the  quantities  excreted,  taking  into  account  size,  sex 
and  age;  if  the  food-intake  is  reduced  only  one-half,  but  one- 
half  of  the  salts  excreted  are  necessary,  etc.  The  proportions 
would  then  be  as  follows: — 


An  adult  man  taking 
in  24  hours 

Sodium  Chloride 

Sodium  Phosphate 

1  Food 

i  " 
1  << 

4 

0  " 

60  grains  (  4  gms. ) 
120     "     (  8    "  ) 
180     "     (12   "  ) 
240     "     (16   "  ) 

15  grains  (1  gm.) 
30      "    (2  gms.) 
45      "    (3    "  ) 
60      "    (4    "  ) 

These  salts  may  be  added  to  the  mJk,  broths,  or  other  bev- 
erages and  foods.  It  is  most  important  that  the  patient  should 
drink  water  freely,  especially  in  febrile  processes,  to  preserve 
the  normal  specific  gravity  of  the  blood  and  other  fluids.  This 
serves  also  to  insure  a  low  specific  gravity  of  the  urine,  not- 
withstanding the  free  elimination  of  acids  and  other  wastes,  thus 
protecting  the  kidneys. 

When  the  salts  cannot  be  administered  entirely  by  the 
mouth,  they  should  be  given  by  enema,  and,  if  necessary,  sub- 
cutaneously or  endovenously,  injecting  in  the  latter  cases  the 
classic  saline  solution — approximately  one  teaspoonful  (or  more 
exactly,  69  grains)  of  common  salt  to  one  pint  of  sterilized 
water  at  not  less  than  110°  F. — and  very  slowly.    It  does  not 

*  Author's  concluHon. 
=»  Cf.  vol.  i,  p.  787,  1903. 
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itself  raise  the  temperature,  as  is  now  taught:  it  enables  the 
blood  suddenly  to  resume  its  antitoxic  functions,  the  h}'per- 
thermia  being  but  an  expression  of  the  life-saving  process.* 

For  hvpodermoclysis  or  intravenous  injection  the  plain  saline  solu- 
tion is  the  most  satisfactory  and  safest.  The  addition  of  sodium  bicar- 
bonate, recommended  by  some,  tends  to  cause  local  gangrene,  as  shown 
by  Baish^  and  others,  but  this  salt  may  be  given  advantageously  by  the 
mouth  when  there  is  acidosis.  Another  salt,  sodium  sulphate,  appears 
in  many  foreign  formulae,  but.  as  we  have  seen,  it  is  a  waste-product  and 
useless."  Calcium,  which,  according  to  Howell,  Jacques  Loeb  and  others, 
stimulates  the  heart,  is  eliminated  in  such  small  quantities  that  it  need 
not  be  replaced.  It  tends,  in  fact,  to  promote  the  formation  of  emboli. 
Potassiurn.  as  showQ  by  Loeb.  Matthews,  Fischer  and  others,  prolongs 
cellular  life;  but  a  very  minute  quantity  suffieej  for  this  purpwse,  and 
as  milk  contains  potassium  chloride,  it  supplies  the  needs  of  the  body. 
The  precautions  to  be  observed  in  injecting  saline  solution  are  the  fol- 
lowing: The  solution  and  apparatus  should  be  sterilized,  and  the  skin 
be  thoroughly  cleansed  at  the  place  of  injection.  The  temperature  should 
be  110°  to  115°  F.  The  passage  of  air  into  the  tissues  or  vessels  should 
be  avoided.  Xever  more  than  half  a  pint  should  be  injected  in  one  place 
in  the  cellular  tissue.  The  infusion  should  be  carried  out  slowly:  about 
one  ounce  a  minute  can  be  safely  introduced  into  the  veins  or  the  sub- 
cutaneous tissue. 

Contraindications  and  TJntoward  Effects. — The  contraindi- 
cations are  self-evident :  if  there  exists  any  oedema,  pericar- 
dial, pulmonary,  peritoneal,  etc.,  especially  if  this  is  due  to 
renal  disorder,  the  addition  of  a  large  quantity  of  fluid  and  a 
marked  increase  in  the  osmotic  property  of  all  body  fluids  will 
naturally  increase  the  trouble.  "When  nephritis  is  present,  the 
enhanced  metabolic  activity  which  saline  solution  causes  will 
aggravate  the  renal  disorder  by  increasing  the  waste-products. 
When  the  patient  is  liable  to  haemorrhages,  pulmonary,  uterine, 
cerebral,  etc..  to  increase  the  osmotic  properties  of  the  blood  will 
augment  the  danger.  In  arteriosclerosis,  cardiac  degeneration, 
etc.,  they  are  believed  to  be  dangerous,  but  evidence  to  this  effect 
is  lacking. 

The  latter  belief  is  based  on  the  mistaken  theory  that  the  solution 
distends  the  arteries,  but  Sollmann^  found  that  intravenously  injected 
solutions  of  sodium  and  potassium  disappeared  in  great  part  from  the 
circulation  per  se  and  passed  into  the  tissues  by  physiological  filtration 
as  injected,  then  out  with  the  urine.  Even  large  quantities  failed  to 
augment  the  fluid  contents  of  the  vessels.  J.  B.  Briggs^  ascertained 
sphygmomanometrically  that  "it  is  useless  to  infuse  with  any  idea  of 
filling  up  the  depleted  vessels  [in  shock] :  the  water  and  salt  are  ex- 
creted probably  quite  as  rapidly  as  they  pass  into  the  circulation." 


*  Author's  conclusion. 

iBaish:    Deut  med.  Woch.,  Sept.  4,  1902. 

Sollmann:  Archiv  f.  exper.  Path.  u.  Pharm..  Bd.  xlvi,  S.  1,  1301. 
"J.  B.  Briggs:   Johns  Hopkins  Hosp.  Bull.,  Feb.,  1903. 


REMEDIES  WHICH  ACT  ON  SPECIAL  ORGANS.  1373 


The  supposed  untoward  effects  are  really  not  such.*  As 
previously  stated,  the  elevation  of  temperature  produced  is  not 
due  to  a  direct  action  of  the  saline  solution,  as  now  believed :  it 
is  due  to  the  fact  that  the  blood  is  enabled  by  it  to  resume  its 
bacteriolytic  and  antitoxic  functions,  a  process  which  entails 
a  rise  of  temperature.*  The  rise  of  vascular  tension  is  but  a 
normal  outcome  of  this  process,  the  muscular  coat  of  all  ves- 
sels and  the  cardiac  muscle  itself  being  also  the  seat  of  en- 
hanced metabolic  activity.*  The  glycosuria  is  also  but  a  proof 
that  the  adrenal  system  itself  is  suddenly  liberated,*  since  we 
have  seen  that  adrenal  extractives  provoke  glycosuria. 

REMEDIES  USED  TO  INFLUENCE  SPECIAL  ORGANS. 

All  remedies  acting,  in  the  light  of  my  views,  through  one 
or  more  nerve-centers,  no  drug  ingested  and  absorbed  from  the 
alimentary  canal,  or  administered  subcutaneously,  intravenously, 
etc.,  should  act  specifically  upon  any  one  organ  without  influenc- 
ing others  in  the  same  way.  This  fact  is  emphasized  by  the 
physiological  effects  of  the  drugs  analyzed  below — which  are 
usually  referred  to  as  "local  remedies." 

Purgatives  are  shown  to  act  in  various  ways.  The  first  of 
these  is  by  their  direct  irritating  action  on  the  intestinal  mucosa, 
which  causes  its  glandular  elements  and  the  organs  forming  part 
of  the  digestive  system  to  increase  their  activity  reflexly.  Here 
the  drug  is  not  absorbed,  however ;  it  acts  precisely  as  would  an 
irritant  applied  to  the  conjunctiva.  An  important  feature  is 
illustrated  in  this  connection,  viz.,  that  the  main  action  of  pur- 
gatives is  to  provoke  an  increase  of  auto-antitoxin  in  the  intes- 
tinal fluids  which  tends  to  asepticize  the  contents  of  the  canal. 
It  applies  as  well  to  purgatives,  such  as  mercury,  which  are 
absorbed,  since,  as  we  have  seen,  this  metal  stimulates  power- 
fully the  adrenal  mechanism  and  enriches  all  secretions  in  auto- 
antitoxin. 

Emetics  may  likewise  act  as  local  stimulants,  the  irritation 
of  the  gastric  mucosa  causing  vomiting  reflexly,  as  is  well 
known.  Others,  apomorphine,  for  instance,  are  shown  to  pro- 
duce the  same  effect  in  another  way :  they  depress  markedly  the 
sympathetic  and  vasomotor  centers,  and  cause  such  marked 


*  Author's  conclusion. 
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general  vasodilation  through  relaxation  of  their  walls  that  blood 
enters  freely  into  all  glandular  elements.  Those  of  the  gastric 
mucous  membrane,  among  others,  becoming  hypergsmic,  a  con- 
dition similar  to  that  produced  by  direct  irritants,  such  as  mus- 
tard, is  awakened,  and  vomiting  occurs. 

Diaphoretics  differ  from  emetics  in  that  they  depress  the 
s}Tnpathetic  center  only.  All  arterioles  being  dilated,  an  influx 
of  blood  occurs  into  all  glandular  capillaries,  including  those  of 
the  sweat-glands.  Whereas  emetics  cause  passive  hypersemia 
only,  diaphoretics  cause  local  increase  of  function,  owing  to  the 
normal  condition  of  all  vessels  except  the  arterioles.  The  secre- 
tory activity  of  the  sudorific  glands,  among  others,  is  there- 
fore markedly  raised,  and  sweating  occurs. 

Oxytocics^  of  which  ergot  is  the  main  t^'pe.  produce  their 
effects  by  stimulating  actively  the  vasomotor  center.  They  thus 
drive  a  large  amount  of  blood  to  the  various  organs,  including 
the  uterus.  The  contractile  power  of  the  uterine  muscle  being 
thus  greatly  enhanced,  it  responds  with  correspondingly  greater 
energy  to  the  periodical  impulses  it  receives  during  parturition. 
The  influence  of  oxytocics  on  haemorrhage  is  due  to  this  potent 
constrictor  action  on  the  smaller  vessels  governed  by  the  vaso- 
motor center;  but  the  fact  that  blood  is  forced  peripherally  by 
these  drugs  renders  them  dangerous  for  this  purpose. 

Diuretics. — These  agents  are  shown  to  produce  their  effects 
in  various  ways.  Saline  solution,  for  instance,  indirectly  en- 
hances metabolism  through  its  influence  on  osmosis.  An  excess 
of  waste-products  being  produced,  the  kidneys  are  caused  reflexly 
to  increase  the  excretory  activity — a  process  aided  by  the  excess 
of  water  introduced  into  the  blood.  Digitalis  also  causes  diure- 
sis by  increasing  metabolism,  since  we  have  seen  that  it  stimu- 
lates the  adrenal  mechanism.  Mercury,  another  diuretic,  is  also, 
as  shown,  a  powerful  adrenal  stimulant.  These  remedies  all 
raise  indirectly  the  vascular  tension — an  active  factor  in  the  pro- 
duction of  diuresis. 

PURGATIVES, 

Physiological  Action. — Most  purgatives  increase  the  secre- 
tory activity  of  the  intestinal  glands  by  causing  irritation  of  the 
intestinal  mucosa,  i.e.,  by  augmenting  reflexly  the  local  blood- 
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supply  through  the  vagus,  the  stricto-dilator  nerve*  of  the  ali- 
mentary system.  As  the  intestinal  juice,  owing  to  the  pres- 
ence therein  of  adrenoxidase  (secretin),  nucleo-proteid  (which 
with  adrenoxidase  forms  enterokinase) ,  and  pancreatic  juice, 
including  trypsin,  all  of  which  jointly  form  auto-antitoxin,  the 
physiological  purpose  of  this  increase  of  secretion  is  evidently  a 
protective  one,  viz.,  to  rid  the  intestine  of  an  irritating  sub- 
stance.* If  this  canal  happens  to  contain  pathogenic  organ- 
isms, toxins  or  other  harmful  substance,  they  are  likewise  ex- 
posed to  the  action  of  the  auto-antitoxin  in  the  intestinal  juice. 
This  is  one  of  the  most  important  functions  of  the  intestinal 
juice,  and  the  therapeutic  value  of  purgatives  is  mainly  due  to 
the  fact  that  they  accentuate  the  efficiency  of  this  function.* 

Thiry'*  found  that  slight  mechanical  irritation,  as  tickling  with  a 
feather,  sufBeed  to  cause  an  exposed  area  of  the  mucosa  of  the  small 
intestine  to  secrete.  The  influence  of  local  irritation  is  further  shown 
by  the  fact  that  in  herbivora,  the  large  proportion  of  refuse  or  residuum 
left  in  the  intestine  causes  the  stools  to  be  loose,  while  in  carnivora  they 
are  habitually  dense,  with  a  tendency  to  constipation.  Thiry  failed  to 
increase  the  secretory  activity  of  the  intestinal  mucosa  by  the  local 
application  of  purgatives,  but  several  other  observers  have  obtained  posi- 
tive results.  In  accord  with  Moreau,''^  Vulpian,'"  for  example,  found 
that  a  solution  of  magnesium  sulphate  or  jalap  injected  into  the  small 
intestine  caused  a  local  catarrhal  congestion  with  the  effusion  of  much 
fluid,  which  was  found  to  contain  red  corpuscles  and  leucocytes.  Lauder 
Brunton"  also  found  that  Epsom  salt,  gamboge,  elaterium  and  croton  oil 
stimulated  the  secretory  activity  of  the  small  intestine.  Manquaf 
states  that  all  the  experiments  performed  to  demonstrate  that  irritation 
was  produced  could  be  summarized  as  follows:  when  an  exposed  coil  of 
small  intestine  was  ligated  in  four  places  a  few  inches  apart,  thus  form- 
ing three  segments,  the  injection  of  a  cathartic  substance  into  one  of  the 
three  caused  this  segment  alone  to  become  filled  with  liquid.  H.  C. 
Wood,  Sr.  and  Jr.,'"  state  (1906)  that  "the  evidence,  both  experimental 
and  clinical,  is  indeed  overwhelming  in  favor  of  increased  secretion." 

That  the  secretory  activity  of  the  intestinal  mucosa  is  due  to  nerv- 
ous action,  and  that  the  secretory  nerve  is  the  vagus,  is  shown  by  the 
fact  that  H.  C.  Wood,  in  1870,  found  that  division  of  the  vagus  on  both 
sides,  in  the  neck,  prevented  the  action  of  purgatives.  Vulpian,"  as  a 
result  of  the  experiments  recited  above,  concluded  that  the  increase  of 
secretion  produced  by  the  local  irritation  of  cathartics  was  due  to  reflex 
action. 

The  presence  of  the  various  constituents  of  what  I  have  since  termed 
"auto-antitoxin"  in  the  intestinal  juice  was  shown  in  the  fourteenth 
chapter,''^  to  which  the  reader  is  referred. 


*  Author's  conclusion. 

^*  Thiry:    C.  R.  de  I'Acad.  de  m6d.,  vol.  xlvi,  1868. 
3=Moreau:    Ibid.,  July  5.  1870;  Sept.  12.  1871. 
suvulpian:    Gaz.  med.,  vol.  xliv,  p.  300,  1873. 

"Lauder  Brunton:    Cited  by  Wood:    Loc.  cit.,  thirteenth  edition,  p.  645,  1906. 

38  Manquat:    "Therapeutique,"  vol.  1,  p.  677,  1903. 

3»  Wood,  Sr.  and  Jr.:   Loc.  cit.,  thirteenth  edition,  p.  646,  1906. 

*»  Vulpian:   Loc.  cit. 

"  Cf.  this  volume,  p.  850. 
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Another  prominent  physiological  effect  of  purgatives  is  to 
increase  the  peristaltic  movements  of  the  intestines,  in  addi- 
tion to  their  stimulating  influence  upon  the  secretory  activity  of 
the  intestinal  mucosa.  Saline  purgatives  do  not  increase  intes- 
tinal peristalsis,  however,  when  given  in  therapeutic  doses — 
an  important  practical  fact  when  it  becomes  necessary  to 
asepticize  by  purgation*  and  flush  the  intestinal  canal  without 
increasing  the  movements  of  its  walls,  as  during  the  onset  of 
peritonitis,  appendicitis,  etc. 

Nothnagel  and  Rossbach"  conclude  that  "the  principal  cause  of 
purgation  lies  in  an  increase  of  the  peristaltic  movements  of  the  intes- 
tine." The  experiments  of  Legros  and  Onimus,"  Houekgeest"  and  others 
have  shown,  however,  that  this  does  not  apply  to  saline  purgatives. 
Vulpian,  in  the  course  of  the  experiments  referred  to  above,  found,  in 
fact,  that  while  jalap  and  other  vegetable  cathartics  increased  peris- 
talsis, the  salines  did  not.  Radziejewski^^  found  that  purgatives  in  gen- 
eral increased  the  peristaltic  movements  of  the  small  and  large  intestine, 
but  that  it  was  mainly  by  enhancing  those  of  the  colon  that  the  alvine 
dejections  were  rendered  more  frequent.  Lauder  Brunton  teaches  that 
there  can  be  no  doubt  as  to  the  fact  that  purgatives  increase  both  the 
secretory  activity  and  the  peristaltic  movements  of  the  intestine.  Wood, 
Sr.  and  Jr.,*"  adduced  a  number  of  facts  which  are,  they  state,  "incom- 
patible with  any  other  belief  than  that  purgatives  cause  both  increased 
secretion  and  increased  peristalsis  in  the  alimentary  canal."  Experi- 
mental evidence  shows  clearly,  however,  t|iat  an  exception  must  be  made 
as  to  the  salines. 

Mercurial  purgatives  do  not  produce  their  effects  through 
either  of  the  two  mechanisms  described  above.*  After  being 
taken  up  from  the  intestinal  canal  they  act  as  ordinary  drugs 
by  exciting  the  test-organ,  and  through  it  the  adrenal  center.* 
By  thus  increasing  the  proportion  of  adrenoxidase  in  the  blood, 
they  raise  the  secretory  activity  of  the  pancreas  and  of  the  in- 
testinal glands  by  enhancing  their  intrinsic  metabolism.*  They 
also  augment  the  proportion  of  adrenoxidase  that  traverses  the 
liver,  this  substance  appearing  in  the  stools  as  biliverdin  and 
giving  them  the  familiar  green  color.*  Mercurial  purgatives 
enhance  the  bacteriol}i;ic  antitoxic  properties  of  the  blood  (espe- 
cially in  the  liver),  besides  that  of  the  intestinal  canal.* 

The  physiological  action  of  mercury  was  reviewed  at  length  under 
the  heading  of  that  drug,  to  which  the  reader  is  referred.  We  have 
seen  that  mercury,  even  when  rubbed  into  the  skin,  sufficed  to  provoke 

*  Author's  conclusion. 

*2  Nothnagel  and  Rossbach:    Loc.  cit.,  p.  564.  18S9. 

*^  Legros  and  Onimus:  Jour,  de  I'anat.  et  de  physiol.,  vol.  vi,  pp.  37,  163, 
1869. 

"Houckgeest:    Archiv  f.  d.  ges.  Physiol..  Bd.  vi,  S.  266,  1ST2. 
«  Radzieje-svski:    Arch.  f.  Anat.,  S.  37,  1870. 

"Wood,  Sr.  and  Jr.:    Loc.  cit.,  thirteenth  edition,  p.  646,  1906. 
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violent  irritation  of  the  intestinal  mucosa  and  diarrhoea  by  increasing 
excessively  the  proteolytic  property  of  the  blood.  This  shows  that  pri- 
mary contact  is  not  a  sine  qua  non  of  purgation.  Podophyllotoxin  was 
found  by  Neuberger"  to  purge  when  given  hypodermically  and  to  cause 
intestinal  hypersemia.  Apocodeine,  introduced  by  Guinard,  has  also  been 
found  elfective  as  a  cathartic,  when  given  subcutaneously,  by  Raviart, 
Heinze"  and  others.  These,  and  other  agents  used  in  a  similar  way, 
markedly  irritate  the  tissues  at  the  site  of  injection  and  are  used  no 
longer.  It  is  probable  that  all  cholagogues  act  much  as  do  the  mer- 
curials, by  a  central  action,  but  no  evidence  to  that  effect  is  available. 

Therapeutics. — Castor  oil  acts  mildly  as  a  stimulant  of  the 
intestinal  mucosa,  when  therapeutic  doses  are  used,  though 
quite  active  as  a  purgative.  It  provokes  just  enough  local  hyper- 
semia to  enhance  the  germicidal  and  antitoxic  activity  of  the 
intestinal  fluids.*  Hence*  its  value  in  diarrhoea  and  dysentery 
due  to  the  presence  of  pathogenic  organisms.  It  is,  in  fact, 
effective  in  all  mycotic  disorders  of  the  alimentary  canal,  espe- 
cially in  children.  In  the  bronchial  catarrh  of  infants  it  is  very 
efficacious  as  revulsive. 

Croton  oil,  owing  to  the  violence  with  which  it  acts,  in  very 
small  quantities,  is  of  great  value  as  a  drastic  purgative  in 
apoplexy,  acute  mania,  urcemic  coma,  etc.  By  causing  a  copious 
outpour  of  intestinal  fluid,  it  relieves  the  blood-pressure.  In 
impacted  fceces,  or  intestinal  obstruction,  the  large  quantity  of 
fluid  with  which  the  canal  is  flushed  increases  materially  the 
chances  of  recovery.  In  lead  colic  it  is  especially  advantageous, 
owing  to  the  rapidity  of  its  action. 

Salines. — These  salts  include  sodium  sulphate,  magnesium 
sulphate,  magnesium  citrate,  potassium  tartrate  and  bitartrate, 
and  potassium  and  sodium  tartrate.  Of  these  the  citrate  and 
sulphate  (Epsom  salts)  are  of  especial  value  in  inflammatory 
disorders  of  the  abdomen,  peritonitis^,  enteritis  and  threatening 
appendicitis,  and  in  many  acute  fevers,  not  only  because  they  do 
not  cause  peristalsis  while  flushing  the  bowel,  but  also  owing  to 
the  intestinal  antisepsis  they  tend  to  promote.*  The  purga- 
tive mineral  waters,  Seidlitz,  Hunyadi  Janos,  Friedrichshall, 
Pullna,  etc.,  owe  their  properties  mainly  to  magnesium  sul- 
phate. 

Mercurials. — The  therapeutic  value  of  mercurials  in  this 
connection  was  reviewed  in  the  article  on  Mercury. 

*  Author's  conclusion. 

"Neuberger:    Archiv  f.  exper.  Path.  U.  Pharin.,  Bd.  xxviii,  S.  32,  1891, 
*«Heinze:    Psychiat-neurol.  Woch.,  Bd.  v,  S.  297,  1903. 
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The  numerous  other  purgatives  at  our  disposal  present 
nothing  of  special  interest  in  connection  with  the  internal  secre- 
tions, other  than  those  referred  to  under  "Physiological 
Action." 

EilETICS. 

Physiological  Action. — Certain  emetics,  such  as  mustard 
and  zinc  sulphate,  produce  their  effects  by  irritating  the  gastric 
mucosa.  Afferent  impulses  being  transmitted  to  the  vagal  cen- 
ter (in  the  posterior  pituitary  body*),  the  various  muscles, 
gastric  and  thoracic,  which  take  part  in  the  act,  are  reflexly 
stimulated,  and  the  irritant  is  vomited. 

When  such  emetics  as  ipecac  and  apomorphine  are  em- 
ployed, they  are  absorbed,  and  produce  their  effects  by  depressing 
the  functional  activity  of  the  s,ympathetic  and  vasomotor  cen- 
ters.* All  arterioles  and  larger  arteries  being  relaxed,  the 
glandular  elements  of  the  entire  body  are  passively  congested 
and  secrete  vicariously.*  The  passive  congestion  of  the  gas- 
tric mucous  membrane  being  supplemented  by  a  more  or  less 
great  outpouring  therein  of  serous  pseudo-secretion,*  the  same 
process  that  prevails  when  irritants  are  ingested  occurs,  i.e., 
the  stomach  is  emptied  through  reflex  vagal  action. 

Although  emetics  which  are  first  absorbed,  ipecac,  apomorphine, 
etc.,  appear  to  influence  only  the  stomach  and  the  muscles  that  the  act 
of  vomiting  brings  into  play,  such  is  evidently  not  the  case.  Manquat," 
for  instance,  states,  referring  to  tartar  emetic,  "a  dose  of  0.01  gm. 
(Vs  grain)  causes  nausea,  a  general  malaise,  salivation,  exaggeration 
of  the  gastro-intestinal  secretions,  and  at  the  same  time  sweating  and 
exaggeration  of  the  bronchial  secretion."  He  states  also™  that  ipecac 
causes  prostration,  coolness  of  the  skin,  salivary  hypersecretion,  sweat- 
ing, "hypersecretion  of  all  the  glands  of  the  digestive  apparatus  (liver, 
pancreas,  mucous  follicles),  this  giving  rise  to  a  moderate  diarrhoea." 
Even  the  nasal  secretion  is  Increased.  Wood""-  states  that  the  vomiting 
caused  by  apomorphine  is  accompanied  by  "excessive  secretion  from  the 
salivary,  nasal  and  lachrjTnal  glands."  It  is  evident,  therefore,  that 
emesis  is  but  one  of  the  phenomena  awakened  by  an  emetic,  and  that 
these  agents,  as  do  most  drugs,  produce  their  effects  by  acting  upon  a 
center.  Indeed,  Wood^-  distinguishes  emesis  produced  by  local  irritation 
of  the  stomach  (mustard,  sulphate  of  zinc,  etc.)  from  that  of  "centric" 
origin.  Gianuzzi''  found  that  after  the  cervical  portion  of  the  spinal 
cord  had  been  divided  in  the  dog,  t^irtar  emetic  failed  to  produce  emesis. 
Foulkrod^  obtained  the  same  result  with  emetin,  the  active  principle  of 
ipecac. 

*  Author's  conclusion. 

Manquat:    Loc.  cit.,  vol.  i,  p.  575,  1903. 
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That  it  is  the  vascular  centers,  i.e.,  the  sjonpathetic  and  vasomotor 
centers,  which  are  influenced  by  this  class  of  drugs,  and,  moreover,  that 
it  is  by  depressing  these  centers  that  emesis  is  caused,  is  shown  by  the 
fact  that  the  blood-pressure  is  markedly  lowered  by  ipecac,  as  observed 
by  Pecholier,^^  Reboul,'*"  Podwyssotzki,"  Grasset  and  Amblard'"*  and 
others,  as  well  as  by  apomorphine  as  shown  by  Harnack'"  and  Reichert.™ 
The  concomitant  hypothermia  which  occurs  under  such  conditions 
through  recession  of  blood  from  the  surface  is  likewise  present.  Thus, 
Radziejewski"  found  that  the  temperature  could  drop  6.6°  C.  (11.8°  F. ). 
Hayeni"-  observed  that  in  the  rabbit  0.005  gm.  (V12  grain)  brought  the 
temperature  down  1°  C.  (1.8°  F. )  in  one  hour.  Manquat  states  that 
emesis  is  usually  attended  with  a  fall  of  1°  C.  Apomorphine  does  like- 
wise, according  to  Nothnagel  and  Rossbach,*^  the  temperature  declining 
"little  by  little." 

The  role  of  the  vagus  as  the  direct  factor  in  the  production  of 
emesis  is  well  shown  by  the  fact  that,  as  stated  by  Manquat,  "the  experi- 
ments of  Chouppe,  Polichronie  and  Dyce  Duckworth  have  shown  that 
emesis  does  not  take  place  when  emetine  is  injected  after  division  of 
both  vagi."  The  fact  that  emesis  occurs  while  the  emetic  is  being  elimi- 
nated by  the  gastric  membrane  (Radziejewski )  being  also  established, 
we  have  three  sources  of  irritation  of  the  vagal  sensory  terminals  in  the 
gastric  mucosa:  passive  congestion,  the  serous  secretion,  and  the  ex- 
creted (and  probably  chemically  transformed)  emetic. 

TTntoward  Effects  and  Poisoning. — Toxic  phenomena  may 
be  prodnced  by  emetics,  especially  in  infants,  feeble  and  aged 
subjects,  the  symptoms  being  those  of  collapse,  with  marked 
muscular  weakness  and  a  steady  lowering  of  the  temperature. 
This  is  due  to  increasing  paresis  of  the  sympathetic  and  vaso- 
motor centers.*  In  apomorphine  poisoning,  unconsciousness, 
failing  respiration,  and  profound  depression  and  convulsions 
(due  to  accumulation  of  toxic  wastes*)  are  the  main  symp- 
toms, death  being  due  to  asphyxia. 

Both  the  sympathetic  and  vasomotor  centers  being  depressed, 
accumulation  of  blood  in  the  great  vessels  of  the  splanchnic  area  occurs. 
This  is  shown  by  the  fact,  "attested  by  Pecholier,  Dyce  Duckworth  and 
d'Ornellas,  that  in  emetine  poisoning,  although  there  is  a  distinct  fall 
of  temperature  in  the  mouth  and  on  the  surface  of  the  body,  in  the 
intestine  the  temperature  remains  stationary,  or  more  commonly  rises." 
Wood"^  also  states  that  "Dyce  Duckworth  especially  noted  intense  hyper- 
semia  of  the  lungs,  which  were  in  some  places  emphysematous,  but  in 
other  portions  collapsed" — the  typical  passive  hypersemia  of  sympathetic 
paralysis.  The  recession  of  blood  from  the  periphery  produced  by  large 
doses  is  also  well  shown  by  Wood's  additional  statement  that  Magendie 
and  d'Ornellas  had  "also  seen  cases  in  which  ischaemia  of  the  pulmonary 
tissue  was  found  after  death." 


*  Author's  conclusion. 
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^Reboul:    Cited  by  Manquat:    Loc.  eit.,  vol.  i,  p.  589,  1903. 

Podwyssotzki :    liid..  p.  589. 
^  Grasset  and  Amblard:    Montpellier  med.,  vol.  xl,  pp.  101.  197,  293,  1881. 

Harnack:    Archiv  f.  exper.  Path.  u.  Pharm.,  Bd.  iii,  S.  44,  1875. 
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1380  INTERNAL  SECRETIONS  IN  PHARMACODYNAMICS. 

There  is  considerable  analogy  between  the  action  of  emetics  as 
described  above,  and  that  of  hypnotics,  previously  submitted.  Tartar 
emetic  and  other  emetics  have  long  been  known  to  possess  soporific  prop- 
erties. C.  J.  Douglas^'*  has  shown  recently  that  this  applied  also  to 
apomorphine. 

Therapeutics. — Ipecac  as  an  emetic  is  given  to  adults  in  20- 
grain  (1.3  gm.)  doses,  repeated  at  intervals  of  twenty  minutes 
if  necessary.  In  children  5-grain  (0.3  gm.)  doses  suffice. 
Its  action  is  aided  by  drinking  lukewarm  water  freely.  The 
value  of  ipecac  in  dysentery  is  accounted  for  by  the  fact  that 
by  enhancing  vicariously  the  activity  of  all  glands,  including 
the  pancreas  and  intestinal  glands,  it  increases  the  sterilizing 
properties  of  the  succus  entericus.*  This  serves  not  only  to 
destroy  pathogenic  organisms  that  may  be  present,  but  also  to 
hasten  the  resolution  of  lesions  of  the  mucosa — a  process  fur- 
ther aided  by  the  local  hyperaemia  awakened.  In  hcemoftysis 
it  acts  very  favorably  by  diminishing  general  blood-pressure,* 
even  when  given  in  small  doses.  In  chronic  'bronchitis,  the  same 
mechanism  and  the  fact  that  it  increases  the  secretory,  activity 
of  the  bronchial  mucosa  renders  it  particularly  effective  where 
the  secretion  is  viscid  and  raised  with  difficulty,  notwithstand- 
ing hard  and  exhausting  paroxysms  of  cough. 

Apomorphine  as  an  emetic  may  be  given  hypodermically  to 
adults  in  ^/^^  grain  (0.006  gm.)  doses  at  fifteen  minutes  inter- 
val until  vomiting  occurs,  reducing  the  dose  in  weak  or  aged 
subjects.  It  may  be  given  in  larger  doses  by  the  mouth.  In  a 
child  of  eighteen  months  Vg^  grain  (0.0013  gm.)  and  in  one  of 
eight  years  ^/.^^  grain  (0.0026  gm.)  suffice.  In  the  cough  of  bron- 
chitis it  is  of  marked  value  in  small  doses,  repeated  every  three 
hours,  to  increase  the  bronchial  secretion  and  hasten  the  process 
of  resolution.  In  hysteria^,  it  is  of  great  value  to  counteract 
the  muscular  rigidity  by  relaxing  the  arterioles.*  The  hyper- 
semia  of  the  central  nervous  system  being  also  relieved,*  the 
patient  falls  into  a  refreshing  sleep. 

DIAPHORETICS. 

Physiological  Action. — The  physiological  action  of  dia- 
phoretics is  well  exemplified  by  jaborandi  and  its  alkaloid,  pilo- 
carpine. 

*  Author's  conclusion. 

«5C.  J.  Douglas:    N.  Y.  Med.  Jour.,  Mar.  17,  1900. 
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These  agents  produce  sweating  by  depressing  markedly  the 
sympathetic  center.*  The  diaphoresis  represents  only,  however, 
an  epiphenomenon  of  the  effects  of  Jaborandi,  all  glands  being 
affected  in  the  same  manner  as  the  sweat-glands.*  The  de- 
pression of  the  sympathetic  center,  by  causing  dilation  of  the 
arterioles  of  all  these  organs,  causes  functional  hypertemia 
of  their  capillaries;*  hence  the  increase  of  secretory  activity. 
Hence  also*  the  flushing  of  the  face,  the  salivation,  lachryma- 
tion  and,  in  some  instances,  the  diarrhoea  and  vomiting 
observed. 

That  sweating  is  but  one  of  the  phenomena  of  a  drug  which  affects 
all  glands  as  well  as  the  sweat-glands  is  sustained  by  considerable  evi- 
dence. Thus,  Tzistovitch°*  ascertained  experimentally  that  pilocarpine 
stimulates  gastric  secretion,  and  that  the  gastric  juice  appears  early  in 
proportion  as  the  dose  is  large.  Edkins"  and  Masloff"*  found  that  pilo- 
carpine administered  caused  intestinal  secretion.  Heidenhain""  found 
that  it  caused  intense  secretory  activity  in  the  crypts  of  the  colon.  This 
applies  to  the  muscular  coat  as  well.  Morat™  and  others  have  found 
that  it  caused  very  active  peristalsis  in  experimental  animals.  Bayliss 
and  Starling"  note  that  pilocarpine  increased  the  pancreatic  secretion, 
the  latter  being  rich  and  thick.  In  all  cases  the  gland  seemed  to  tire 
rapidly  and  to  become  insusceptible  to  the  drug.  Lauder  Brunton  and 
Delepine"  found  that  pilocarpine  stimulated  glandular  activity  of  the 
liver-cells.  It  increases  the  functional  activity  not  only  of  the  sweat- 
glands,  but  also  of  all  cutaneous  glands.  Thus,  Langley"  observed  that 
in  the  frog  the  skin  became  covered  with  a  thick,  viscid  secretion. 

That  these  phenomena  are  due  to  depression  of  the  sympathetic 
center  is  suggested  not  only  by  the  facial  hyperaemia,  but  also  by  the 
nausea  and  vomiting  which,  as  I  have  shown,  are  due  partly  to  sympa- 
thetic depression.  Even  the  average  dose  may  cause  these  symptoms. 
Thus,  H.  C.  Wood,''*  referring  to  the  effects  of  a  therapeutic  dose  of  the 
infusion  of  jaborandi,  states  that  "there  is  not  rarely  nausea,  and  some- 
times vomiting,"  of  "large  quantities  of  glairy  mucus"  he  adds  elsewhere 
in  his  text.  Again,  the  increased  functional  activity  of  various  organs 
provoked  points  in  this  direction.  Horbaczewski,"  for  instance,  found  that 
pilocarpine  produced,  in  man,  a  leucocytosis,  and  a  proportionate  increase 
in  the  uric  acid  excretion,  a  fact  which  shows  that  general  metabolism 
is  increased.  Again,  Murrell  observed  that  in  the  frog,  V20  grain  (0.003 
gm.)  of  pilocarpine  gave  rise  to  a  marked  increase  of  reflex  activity 
and  convulsion — phenomena  which  point  to  excessive  hyperaemia  of  the 
skin  and  central  nervous  system.  Even  the  nerves  are  hypersemic. 
C.  R.  Marshall,"  in  the  course  of  experiments  with  pilocarpine,  noted 


*  Author's  conclusion. 
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that  it  increased  the  sensitiveness  of  the  vagus  to  electrical  stimulation. 
Finally,  that  it  is  by  causing  dilation  of  the  arterioles  that  pilocarpine 
causes  sweating  is  shown  by  tne  fact,  demonstrated  by  Langley"  in  1875 
and  confirmed  since  by  many  observers,  that  absolute  antagonism  exists 
between  this  drug  and  atropine.  Now,  as  I  have  shown,  atropine  con- 
stricts the  arterioles. 

The  peripheral  hypersemia  is  augmented  through  the  fact 
that  the  arterioles  of  the  adrenals  are  relaxed,  as  are  those  of 
all  other  glands,  and  that  the  increase  of  adrenal  secretion  pro- 
duced causes  general  vasoconstriction,  the  blood  being  driven 
towards  the  periphery,  i.e..,  the  skin.* 

The  prevailing  belief  that  pilocarpine  increases  the  activity  of  all 
the  glands  of  the  body,  including  those  of  the  skin,  by  acting  directly 
upon  them,  is,  to  say  the  least,  illogical  when  we  consider  that  Vs  to  Vi 
grain  (0.008  to  0.016  gm. )  will  produce  marked  effects.  The  only  proof 
of  any  weight,  the  fact  that  Luchsinger,'*  and  subsequently  Nawrocki, 
found  that  division  of  the  nerves  of  a  cat's  leg  did  not  prevent  the  paws 
from  sweating  when  jaborandi  was  injected  into  the  animal,  fails  when 
analyzed  from  my  standpoint.  All  the  vessels  of  the  leg  being  dilated 
by  the  section  of  the  vasomotor  nerves,  any  general  rise  of  the  blood- 
pressure  would  cause  a  flood  of  blood  to  invade  these  dilated  vessels 
and  the  sweat-glands,  and  provoke  sweating.  Now,  Wood,  alluding  to 
Reichert's"  experiments,  states  that  "immediately  after  the  injection  of 
the  alkaloid  [pilocarpine]  into  the  jugular  vein  the  arterial  pressure 
falls,  but  in  a  few  moments  the  characteristic  phenomena  of  a  slow  pulse 
with  increased  arterial  pressure  come  on."  It  becomes  a  question,  how- 
ever, as  to  how  this  rise  of  pressure  is  produced,  but  we  have  the  solu- 
tion of  this  problem  in  the  fact  that  A.  Pettit™  found  the  adrenals 
greatly  congested  and  swollen  in  experimental  animals  poisoned  with 
jaborandi.  As  this  means  hyperactivity  of  these  glands,  and  as  the 
adrenal  secretion  raises  the  blood-pressure,  not  through  the  vasomotor 
center,  but,  as  I  have  shown,  by  enhancing  me  abolic  activity  in  the 
muscularis  of  all  vessels  the  cause  of  the  rise  of  blood-pressure  is  self- 
evident. 

Untoward  Effects  and  Acute  Poisoning. — The  symptoms 
which  follow  a  toxic  dose  include  the  following :  copious  sweat- 
ing, vertigo,  marked  salivation,  rhinorrhcea,  vomiting,  diarrhoea, 
strangling,  dimness  of  vision,  myopia,  more  or  less  marked  car- 
diac oppression  and  metrorrhagia — all  due  to  what  amounts  to 
paralysis  of  the  arterioles.*  Sudden  death  has  also  been  pro- 
duced by  a  small  dose  (Vg  grain — 0.021  gm.)  pilocarpine 
given  hypodennically.  As  it  is  the  sympathetic  center  which 
is  depressed  by  this  drug,*  it  should  be  given  with  especial  care 
in  debilitated  and  aged  subjects. 

*  Author's  conclusion. 
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Lanphear*"^  recommends  caution  in  the  use  of  pilocarpine.  Its  con- 
tinued use  may  also  give  rise  to  papulo-exudative  dermatoses.  Thus,  in 
a  case  observed  by  Hallopeau  and  Vielliard,"  the  histological  examina- 
tion revealed  an  inflammatory  exudate  about  the  excretory  ducts  of  the 
sweat-glands. 

Therapeutics. — Jaborandi  and  Pilocarpine. — The  latter 
drug  is  to  be  preferred,  since  it  is  less  likely  to  provoke  vomit- 
ing. It  has  been  found  of  value  in  urcemia,  chronic  Bright's  dis- 
ease and  dropsical  conditions;  the  benefit  is  due  to  the  lower- 
ing of  the  blood-pressure  which  general  dilation  of  arterioles 
insures,*  and  to  the  increased  elimination  of  fluids  and  retained 
excrementitious  wastes.  It  is  of  use  in  erysipelas,  owing  to 
the  fact  that  the  cutaneous  hypergemia  means  the  presence  in 
the  affected  area  of  an  increased  volume  of  auto-antitoxin.* 
Chronic  eczema  and  other  cutaneous  disorders,  especially  those 
due  to  deficient  secretion  of  the  sweat-glands,  are  also  improved 
by  pilocarpine.  In  ophthalmic  disorders  associated  with  intra- 
ocular pressure,  it  is  also  valuable,  owing  to  the  general  lower- 
ing of  the  blood-pressure  it  insures.*  In  orchitis  it  tends, 
through  the  same  process,*  to  relieve  the  intense  pain. 

Sweet  Spirit  of  Nitre. — This  agent,  an  alcoholic  solution 
of  amyl  nitrite,  acts,  as  does  pilocarpine,  by  depressing  the 
sympathetic.  It  is  milder,  however,  and  acts  both  as  diuretic 
and  diaphoretic.  It  is  considerably  used  in  febrile  disorders  of 
children  when  excitement,  startings,  etc.,  occur.  By  lowering 
slightly  the  blood-pressure  it  controls  these  phenomena.* 

OXYTOCICS. 
(Ergot,  Hydrastis,  Hydrastinine. ) 

Physiological  Action, — Ergot  in  ordinary  doses  causes 
contraction  of  the  uterus  by  augmenting  the  blood-supply  of  its 
walls* — a  condition  due  primarily  to  the  fact  that  it  excites 
directly  the  vasomotor  center.  All  the  arteries  of  the  body 
(with  the  exception  of  the  arterioles,  which  are  governed  by 
the  sympathetic  center*)  being  constricted,  the  blood  is  driven 
into  the  smaller  vessels  and  capillaries  of  all  organs,  including 
the  uterine  muscle.   The  contractile  power  of  this  muscle  being 


*  AutJior's  conclusion. 
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proportionate,  as  in  all  organs,  with  the  activity  of  its  intrinsic 
metabolism,  its  sensitiveness  to  the  reflex  motor  impulses  which 
the  uterus  receives  periodically  during  parturition  is  corres- 
pondingly enhanced.* 

As  stated  by  Manquat,"'  "it  is  generally  admitted  that  ergot  has  a 
vasoconstrictor  action  upon  the  vessels;  this  opinion  rests  upon  a  large 
number  of  experiments."  Holmes**  observed  the  constriction  of  the 
arteries  in  the  frog  and  in  the  albino  rabbit,  marked  anaemia  of  the  ears 
of  this  animal  being  noted.  A  rise  of  the  general  blood-pressure  (pre- 
ceded by  a  short  period  of  depression)  was  also  obtained  experimentally 
by  Kohler,"^  Eberty/"  H.  C.  Wood,"  Robert  and  by  Jacobi.  Wood,*«  who 
refers  to  these  experiments,  states  that  "the  rise  in  pressure,  which  is  to 
be  regarded  as  the  characteristic  effect  of  ergot  upon  the  circulation,  is 
due  to  a  constriction  of  the  blood-vessels,"  and  that  "Holmes,  Wernich,^' 
Vogt,""  Kersch,"'  Schiiller"^  and  Briesemann"^  assert  that  they  have  seen 
invariably  diminution  in  the  caliber  of  the  arteries  under  the  influence 
of  ergot." 

The  more  recent  experiments  point  in  the  same  direction. 
Plumier"  found  that  the  intravenous  injection  of  the  fluid  extract  of 
ergot  produces  in  the  dog  a  marked  elevation  of  the  blood-pressure  in 
the  pulmonary  artery.  H.  H.  Dale"'*  observed  "a  stimulant  constrictor 
eflfect  upon  certain  organs  composed  of  plain  or  unstriated  muscle-fibers, 
among  which  are  the  arteries,  the  uterus  and  the  sphincter  of  the  iris." 
The  300  painstaking  experiments  of  SoUmann  and  Brown,*^  which  seem 
to  controvert  all  this  evidence,  are  unfortunately  of  no  value.  They 
overlooked  the  fact  that  the  anaesthetic  they  administered  to  their  dogs, 
ether,  caused  a  very  marked  rise  of  pressure,  and  that  the  ergot  could 
not  raise  it  beyond  this  level.  Hence  their  erroneous  conclusion  that 
"there  is  no  evidence  of  strong  vasoconstriction."  The  slowing  of  the 
pulse  is  readily  accounted  for  by  the  increased  resistance  of  the  blood- 
column  to  the  cardiac  contractions,  produced  by  the  general  vasocon- 
striction. 

That  the  rise  of  blood-pressure  is  due  to  a  centric  action  was  shown 
experimentally  by  J.  C.  Hemmeter,"  who  found  that  the  rise  did  not 
occur  when  the  spinal  cord  was  severed,  and,  in  accord  with  Wernich,"' 
that  after  this  operation  ergot  could  no  longer  provoke  uterine  contrac- 
tions. 

Full  therapeutic  doses  of  ergot  cause  such  marked  con- 
striction of  the  arteries  that  the  lumen  of  the  smaller  vessels 
becomes  sufficiently  narrowed  to  interfere  with  the  circulation.* 
The  blood-stream  being  slowed  in  the  arterioles  and  capillaries, 

*  Author's  conclusion. 
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the  opposite  condition  to  that  described  above  is  produced,  viz., 
ischemia  of  the  organs  which  these  small  vessels  supply.*  The 
peripheral  temperature  is  then  reduced  and  the  patient  com- 
plains of  cold — a  danger  signal  which  indicates  that  an  excess  of 
the  drug  is  being  administered.* 

Before  I  had  realized  this  fact,  I  caused  complete — though  tem- 
porary— inertia  of  the  uterus  by  the  use  of  excessive  doses  in  a  case 
requiring  prompt  delivery.  I  blamed  the  ergot  at  the  time.  Wood"" 
states  in  the  lower  animals  the  symptoms  of  intoxication  "are  mainly 
paralytic,  and  that  the  only  ones  which  are  in  any  sense  characteristic 
are  the  ancesthesia  and  the  coldness  of  the  surface.  As  this  coldness  of 
the  surface  has  been  noted  in  various  women  in  whom  the  drug  has 
caused  fatal  abortion,  it  is  probably  characteristic  of  the  poisoning." 
Ringer  and  Sainsbury""  found  that  ergotin  slowed  markedly  the  rate  of 
flow  through  the  arterioles.  Hemmeter^"  noted  that  in  poisoning  the 
temperature  sometimes  fell  more  than  2°  C.  (3.6°  F. )  in  human  beings 
and  5°  C.  (9°  F.)  in  animals. 

TTntoward  Effects  and  Poisoning'. — The  earlier  effects  of 
ergot-poisoning  are  due  to  the  great  accumulation  of  blood  in 
the  peripheral  vessels,  which  a  large  dose  of  the  drug  provokes 
by  violently  stimulating  the  vasomotor  center,*  viz.,  formica- 
tion, tingling,  giddiness,  delirium,  flushing,  purpura,  tinnitus, 
dilation  of  the  pupil,  colic,  spasmodic  contractions  of  the  mus- 
cles, opisthotonos  or  emprosthotonos,  and  even  epipleptic  con- 
vulsions. The  constriction  of  the  vessels  increasing  rapidly,  this 
hyperaemia  is  soon  replaced  by  ischsemia*  of  the  tissues :  the 
skin  then  assumes  an  earthy  hue,  the  surface  becomes  cold, 
there  is  great  muscular  weakness  and  fatigue  and  numbness 
particularly  of  the  extremities,  nausea,  vomiting,  and  the  respir- 
ation is  labored.  More  or  less  suddenly  collapse  occurs,  due  to 
hyperconstriction  of  the  cardiac  coronaries*  and  of  the  arteries 
of  the  anterior  pituitary  and  thyroid.*  The  pulse  then  becomes 
very  rapid  and  weak,  the  blood-pressure  falls  rapidly  and  death 
follows. 

In  chronic  ergotism,  which  does  not  occur  in  this  country, 
all  these  symptoms  may  develop  gradually,  but  here  another 
typical  symptom  of  excessive  constriction  of  the  arteries  occurs, 
viz.,  dry  gangrene,  beginning  at  one  of  the  extremities,  espe- 
cially the  toes,  or  the  nose,  lips  and  ear. 

*  Author's  conclusion. 

»»Wood:   hoc.  cit.,  thirteenth  edition,  p.  747,  1906. 
I™  Ringer  and  Sainsbury:    Med.-Chir.  Trans.,  vol.  Ixvli,  p.  67,  1884. 
Hemmeter:   Loc.  cit. 


1386         INTERNAL  SECRETIONS  IN  PHARMACODYNAMICS. 

The  explanations  submitted  of  these  various  symptoms  are  self- 
evident  when  the  vasoconstrictor  action  of  the  drug  is  taken  into  account. 
Wood"^  states  that  "ergotic  gangrene  can  readily  be  produced  in  the 
comb  and  tongue  of  chickens"  and  "von  Recklinghausen  asserts  that  the 
essential  lesions  in  these  cases  are  hyaline  thrombi  in  the  arterioles  and 
capillaries" — an  obvious  proof  that  it  is  not  these  two  kinds  of  vessels 
that  are  hyperconstricted,  but  the  arteries  beliind  them.  Again,  Wood 
states  that  '"by  toxic  doses  the  rapidity  of  the  heart's  action  is  increased, 
and,  according  to  Boreischa,  galvanization  of  the  par  vagum  has  at  this 
time  little  or  no  effect  upon  the  pulse."  The  cause  of  this  is  also  quite 
plain  when  interpreted  from  my  viewpoint:  the  coronaries  are  already 
so  constricted  that  stimulation  of  the  vagi  can  contract  no  farther. 
Hence  the  cardiac  arrest. 

Therapeutics. — In  the  light  of  the  above  facts,  a  very  small 
dose  of  ergot  (10  minims  of  the  fluid  extract)  is  alone  effica- 
cious in  the  uterine  inertia  of  parturition.  Such  a  dose  has  also 
the  advantage  of  avoiding  tetanic  contraction  of  the  uterus,  a 
condition  which  tends  to  cause  retention  of  the  placenta.  Ergot 
is  also  useful  in  post-partum  hcemorrliage ;  here  a  full  dose  may 
be  given,  and  it  may  be  administered  liypodermically  to  obtain 
more  rapid  results.  It  has  been  used  to  prevent  haemorrhage 
from  the  lungs,  stomach,  intestines,  etc.,  but  the  marked  rise  of 
blood-pressure  it  provokes  before  causing  sufficient  contraction 
to  arrest  the  flow  renders  it  a  dangerous  remedy  in  these  con- 
ditions. In  uterine  haemorrhage  due  to  the  presence  of  fibroids 
or  other  neoplasms,  however,  it  has  given  excellent  results,  and 
tends  to  cause  shrinking  of  the  growth  when  given  in  full  doses. 
In  chronic  dysentery  and  chronic  diarrhcea  ergot  sometimes 
proves  curative  by  causing  hyperemia  of  the  small  and  large 
intestine  and  hastening  resolution.  It  is  of  value  also  in 
adynamic  depression,  melancholia  and  neuropathies  in  which 
hypochondria  is  a  prominent  s}Tnptom.  the  benefit  being  due 
to  the  increased  volume  of  blood  which  the  cerebro-spinal  sys- 
tem receives.* 

DRUGS  WHICH  RESEIMBLE  ERGOT  IN  THEIR  PHYSIOLOGICAL 

ACTION. 

Hydrastis. — The  physiological  action  of  hydrastis  and  of 
its  alkaloid  hydrastine  is  similar  to  that  of  ergot.  It  stimu- 
lates the  vasomotor  center  less  violently,  however,  and  its  action 
in  therapeutic  doses  is  limited  to  the  stage  of  hyperemia  of  all 


*  Author's  conclunion. 

"-Wood:   Loc.  cit.,  thirteenth  edition,  p.  755,  1906. 
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organs,  including  the  mucous  membranes.*  It  has  been  used 
advantageously,  therefore,  in  various  disorders  of  the  latter,  viz., 
chronic  gastro-intestinal  catarrh,  chronic  rhinitis,  otorrhoea, 
dysraenorrhoea,  chronic  vaginitis,  gonorrhoea,  etc. 

Hydrastinine,  an  alkaloid  obtained  by  the  oxidation  of 
hydrastine,  has  been  employed  with  considerable  success  in 
uterine  haemorrhages,  menorrhagia,  and  metrorrhagia,  being 
more  active  than  hydrastis  or  hydrastine  as  a  vasoconstrictor.  It 
is  also  useful  in  the  same  disorders  as  hydrastis,  especially 
dysmenorrhea. 

DIURETICS. 

The  diuretics  most  used  at  the  present  time  are  drugs 
which  have  been  treated  in  full  in  the  preceding  pages.  Their 
property  as  such  need  alone  be  referred  to. 

Saline  solution  has  been  thought  to  act  as  an  "hsemocathar- 
tic,"  the  excrementitious  products  of  tissue  and  other  wastes, 
detritus,  etc.,  being,  it  was  believed,  simply  washed  out  of  the 
blood  by  the  excess  of  water  introduced  therein.  I  have  shown 
in  the  earlier  portion  of  this  chapter  that  the  process  is  really 
a  nobler  one,  so  to  say,  and  that  the  introduction  of  saline  so- 
lution into  the  organism  enhances  greatly  the  efficiency  of  the 
body's  auto-protective  processes.  The  proteolytic  activity  of 
the  auto-antitoxin  being  greatly  augmented,*  there  is  soon 
thrown  into  the  lymphatic  channels  an  unusual  quantity  of 
products  of  catabolism  which  must  be  eliminated,  partly  by  the 
urine.  A  prominent  cause  of  diuresis  is  now  present,  viz.,  re- 
flex stimulation  of  the  secreto-motor  center  (located  in  the  pos- 
terior pituitary)  which  governs  renal  action.*  The  kidneys  are 
thus  activated  and  a  freer  flow  of  urine  follows — carrying  along 
with  it  the  excess  of  wastes.  We  need  not  inject  a  quart  of 
saline  solution  to  produce  this  effect;  much  smaller  quantities 
will  evoke  it ;  but  if  at  least  a  pint  is  employed  the  action  will 
be  greatly  facilitated,  since  the  organism  promptly  rids  itself 
of  the  fluids  that  are  useless  to  it.  Plain  water  is  an  excellent 
diuretic  for  this  reason,  as  is  well  known. 

Digitalis. — ^When  the  infusion  is  used  the  fluid  aids  the  pro- 
cess, and,  as  suggested  by  Huchard,  it  is  probable  that  the  min- 


*  Author's  conclusion. 
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eral  salts  the  leaves  contain  contribute  somewhat  to  its  diuretic 
effects.  Diuresis  may  be  obtained  with  digitalin,  however,  a 
fact  which  shows  that  the  drug  is  itself  active  in  this  connec- 
tion. Its  mode  of  action  becomes  plain,  in  view  of  its  main 
general  property,  that  of  a  potent  stimulant  of  the  adrenal 
center.*  As  this  stimulates  metabolism  in  all  tissues,  we  have 
again  an  unusual  production  of  tissue-wastes  and  the  same  cen- 
tral excitation  (reflex)  of  the  renal  functions  that  saline  solu- 
tion affords,*  though  caused  in  a  different  way.  Of  material 
aid  to  the  process  is  the  increased  vascular  tension  which  the 
drug  causes  by  activating  indirectly  metabolism  in  the  muscu- 
lar coat  of  all  arteries.*  A  rise  of  blood-pressure  is  a  recog- 
nized cause  of  diuresis.  Digitalis  is  especially  efficient  in  car- 
diac dropsy — a  result  readily  accounted  for  by  the  above- 
described  physiological  action. 

Squill  acts  much  as  does  digitalis,  including  its  action  on 
the  cardiac  muscle,  the  arteries  and  general  metabolism  in- 
duced by  a  stimulating  action  on  the  adrenal  center  through 
the  test-organ.*  In  large  doses  it  stimulates  the  kidneys  vio- 
lently, causing  sometimes  hsematuria.  It  is  used  in  dropsy, 
pleural  and  pericardial  effusions  and  the  cardiac  dropsy,  but  any 
form  of  nephritis  is  a  contraindication  to  its  use. 

Calomel. — We  have  seen  that  this  salt  is  an  active  diuretic 
also  by  enhancing  general  metabolism,  thus  causing  rapidly  an 
excess  of  waste-products  in  the  blood.*  When  its  use  is  pro- 
longed it  is  also  capable  of  causing  grave  renal  disorders,  in- 
cluding hsemorrhagic  nephritis.  It  is  very  efficient  in  cardiac 
dropsy,  however,  and  in  anuria  of  asthenic  origin  in  which  the 
blood-pressure  is  low. 


*  Author's  conclusion. 


CHAPTER  XXIII. 


THE  INTERNAL  SECRETIONS  IN  THEIR  RELATIONS 
TO  PATHOGENESIS  AND  THERAPEUTICS. 

THE  ADRENAL  SYSTEM  AS  IMMUNIZING  MECHANISM, 
AND  CANCER. 

The  first  volume  (which  appeared  in  January,  1903)  of  the 
present  work  contains^  the  following  lines :  "Certain  growths, 
particularly  the  more  malignant  forms,  sarcoma  and  carcinoma, 
seem  closely  connected  with  adrenal  insufficiency  and  its  nor- 
mal consequences.  We  have  seen  that  trypsin,  fibrinogen  [a 
nucleo-proteid  compound]  and  the  oxidizing  substance  were 
simultaneously  necessary  to  insure  the  destruction  of  cells  in 
vitro,  and  furthermore,  that  this  process  required,  in  addition, 
the  presence  of  alkaline  salts.  That  the  destruction  of  worn- 
out  or  degenerated  cells  is  a  function  of  these  very  elements  in 
the  blood,  is  evident.  Insufficiency  of  the  adrenals,  therefore, 
by  reducing  the  relative  proportion  of  these  four  constituents 
in  the  blood-stream,  must  correspondingly  inhibit  this  physio- 
logical process  in  all  parts  of  the  organism."  Thus,  any  region 
"may  become  the  seat  of  this  malignant  growth,  or  rather  of  a 
local  accumulation  of  the  aberrant  or  worn-out  cells  which  enter 
into  its  formation.  The  great  vascularity  of  these  growths  sug- 
gests an  effort  of  Nature  to  cause  their  elimination,  but  mitotic 
proliferation  is  alone  induced,  the  blood  being  deficient  in  the 
four  constituents  which  should  insure  destruction  of  the  morbid 
cellular  elements." 

I  pointed  out  also  in  this  connection,  in  the  same  volume,^ 
and  under  the  caption  "The  Internal  Secretions  in  their  Rela- 
tion to  Immunity,"  that  these  "four  constituents"  were  "the 
active  immunizing  agents  of  the  organism,"  and  that  they  owed 
their  immunizing  properties  "to  trypsin." 

Over  two  years  after  the  above  volume  had  appeared,  the 
close  relationship  between  immunity  and  cancer  was  emphasized 


1  Cf.  vol.  i,  p.  785. 

2  Cf.  vol  i,  pp.  609  to  666  Incl. 
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by  several  investigators:  in  this  country  by  Gaylord,  Clowes 
and  Baeslack;^  in  Germany,  by  Ehrlich,*  Sclione,^  Sticker,* 
and  others ;  while  the  now  familiar  clinical  use  of  trypsin  as  a 
curative  agent  was  urged  by  Beard/  Shaw  Mackenzie*  and  many 
others. 

That  I  was  the  first  to  indicate  the  functional  relationship 
between  the  immunizing  functions  of  the  body  and  cancer,  and 
the  first  also  to  show  that  trypsin  was  the  proteolytic  agent 
which  destroyed  the  growth,  is  self-evident. 

The  following  pages  indicate,  moreover,  not  only  that  the 
views  I  advanced  over  four  years  ago,  in  the  tirst  volume,  ex- 
plained the  pathogenesis  of  cancer  (as  shown  by  the  fact  that  the 
experimental  and  clinical  evidence  contributed  since  by  a  large 
number  of  investigators  has  only  served  to  confirm  them),  but 
also  that  my  interpretation  has  opened  a  new  field  which  affords 
a  firm  foundation  for  a  scientific  curative  and  prophylactic 
treatment  of  cancer  in  the  sense  that  the  mode  of  action  of 
various  remedial  measures  can  be  clearly  interpreted — in  sharp 
contrast  with  the  empirical  methods  now  in  vogue. 

CANCER. 

Definition.  —  Cancer  is  primarily  due  to  hypoactivity  of 
the  body's  auto-protective  mechanism,  the  adrenal  system,  the 
result,  in  turn,  in  most  cases,  of  premature  senility.  It  is  a 
vicarious  over-growth  of  tissue-cells  which  the  agents  of  this 
system,  leucocytic  and  humoral,  should  have  destroyed  in  its 
incipiency,  i.e.,  when  but  a  nidus  of  proliferating  cells  formed 
as  a  result  of  local  irritation  by  traumatisms,  inflammatory  foci, 
parasites,  moles,  warts,  etc.  The  defensive  agents,  phagocytes 
and  auto-antitoxin,  being  those  which,  under  normal  condition, 
carry  on  general  nutrition,  they  are  able  only,  owing  to  their 
insufficiency,  to  nourish  the  tumor  and  promote  its  develop- 
ment.* 

This  definition  differs  radically  from  those  previously  adduced 
by  others,  but  the  need  of  new  lines  of  thought  in  this  connection  is 

*  Aulhor's  (leftnition. 

Gaylord,  Clowes  and  Baeslack:  Med.  News,  Jan.  14,  1905;  see  also  Clowes: 
Bull.  Johns  Hopkins  Hosp.,  Apr.,  1905. 

*Ehrlich:    Zeit.  f.  arztl.  Portbildung,  Bd.  iii,  S.  205,  1906. 

BSchone:   Munch,  med.  Woch.,  Bd.  liii,  S.  2517,  1906. 

'Sticker:    Ibid.,  Bd.  liii,  S.  1904,  1906. 

'Beard:    Lancet,  Feb.  1,  1905. 

8  Shaw-Mackenzie:   Ihid.,  Feb.  11,  1905. 
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emphasized  by  tlie  labors  of  the  Imperial  Cancer  Research  Fund  investi- 
gators, whose  director,  Dr.  E.  F.  Bashford,  wrote  recently:"  "In  our 
investigations  we  have  obtained  evidence  against  all  the  explanations  yet 
advanced  as  to  the  cause  and  nature  of  cancer,"  and,  moreover,  that  "at 
present  any  attempts  to  directly  ascertain  the  cause  and  nature  of  can- 
cer are  surrounded  by  so  many  sources  of  fallacy  that"  in  his 
opinion,  "they  remain  to-day  as  unprofitable  as  they  have  been  in  the 
past." 

Symptoms. — The  symptoms  of  cancer  differ  according  to 
their  location.  The  typical  phenomena  of  the  disease  are  in 
reality  only  witnessed  when  some  external  organ,  the  skin,  the 
mammary  gland,  etc.,  is  affected ;  while  all  the  internal  cancers 
soon  provoke,  in  addition,  morbid  effects  due  to  any  interference 
with  physiological  functions  which  their  presence  entails. 
Common  to  all  cases,  however,  is  the  terminal  phase  of  the  dis- 
ease, i.e.,  the  cancerous  cachexia,  which  consists  of  more  or  less 
rapid  emaciation,  anaemia  and  muscular  weakness,  the  precur- 
sors of  final  exhaustion. 

A  brief  survey  of  the  leading  symptoms  can  alone  be  given  in 
this  connection,  and  the  reader  is  referred  to  special  works  for  greater 
detail.  In  fact,  the  symptomatology  would  have  been  omitted  were  it 
not  that  the  reader  would  have  to  consult  works  on  dermatology,  sur- 
gery, practice  and  special  works  on  cancer  to  obtain  even  the  present 
brief  resume  of  the  various  organs  referred  to.  The  division  into  "ex- 
ternal" and  "internal"  cancers  renders  it  impossible  to  illustrate  the  spe- 
cific symptoms  of  the  disease,  those  of  cutaneous  cancers,  and,  therefore, 
to  differentiate  them  from  those  due  to  interference  with  functions. 

External  Cancers. — Shin. — The  starting  point  of  car- 
cinoma of  the  skin  or  mucous  membrane  may  be  an  excrescence 
of  long  standing,  such  as  a  pigmented  mole,  an  ordinary  mole, 
a  senile  wart,  or  cutaneous  disorders,  a  fissure  or  abraded  area 
of  the  lip,  a  psoriatic  or  scaly  sebaceous  patch,  an  adenoma,  a 
nodule,  a  scar,  etc.  Without  apparent  cause,  but  occasionally 
after  irritation  or  injury,  any  of  these  apparently  benign  cellular 
aggregates  begin  to  grow.  They  ulcerate  at  the  base,  mainly  at 
the  expense  of  the  cutaneous  structures,  until  finally  the  typical 
epitheliomatous  ulcer  is  formed,  i.e.,  irregular  in  shape,  with 
raised  everted  edges.  The  bottom  of  the  ulcer  is  very  uneven 
and  covered  with  a  foetid  sanious  secretion,  and  bleeds  readily 
when  touched.  It  may  assume  various  shapes ;  hence  the 
"cauliflower"  and  other  appearances.  In  most  cases  pain  only 
comes  on  late,  the  discomfort  being  due  to  the  ulceration. 


BE.  F.  Bashford:   Brit,  Med.  Jour.,  Dec.  9,  1905. 
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When  it  appears  it  is  of  a  lancinating  character  and  may  become 
very  severe.  The  duration  of  cutaneous  carcinoma  varies 
greatly — from  less  than  four  years  to  decades.  A  favorite  site 
is  the  lower  lip ;  other  regions  frequently  affected  are  the  face, 
breast,  genitalia,  rectum,  etc. 

Cutaneous  sarcoma  is  usually  secondary,  but  it  may  de- 
velop primarily  from  a  pigmented  ngevus  or  other  cutaneous 
excrescence,  especially  when  irritated.  Sarcomata  develop  and 
multiply,  break  down  and  provoke  metastases  more  rapidly  than 
carcinomata,  and  death  may  occur  within  a  few  months,  though 
in  most  cases  life  is  prolonged  a  few  years.  The  form  that  de- 
velops from  nsevi  may  retain  its  color,  and  merely  grow  and 
ulcerate,  or  it  may  become  bluish  or  black,  sessile,  oval  or 
spherical  and  hard ;  after  growing  for  a  while  it  ceases  to  do 
so,  but  others  develop  in  other  regions.  All  finally  break  down, 
forming  melanotic  ulcers  which  secrete  a  black  substance  and 
some  pus.  Death  usually  occurs  from  intestinal  metastasis. 
Sarcoma  may  also  appear  as  a  diffused  path  or  patches,  beginning 
from  minute  brownish  or  purplish  nodes,  which  become  infil- 
trated and  project,  the  skin  being  glossy  and  irregular.  Various 
other  rarer  forms  have  been  described,  all  embodying  more  or 
less  prominently  the  characters  Just  described. 

Mammary  Gland. — Two  forms  of  cancer  occur  in  this  or- 
gan, the  scirrhous,  hard  or  fibrous  cancer;  and  the  encephaloid, 
or  soft,  cancer.  In  scirrhous  cancer,  the  organ  may  preserve  its 
form  though  becoming  large  and  hard,  the  growth  being  deep- 
seated,  or  it  may  collapse  or  atrophy,  the  nipple  being  retracted, 
the  so-called  "withering"  form.  Again,  a  part  of  the  breast 
alone  may  be  affected,  fibrous  bands  radiating  through  it  and 
causing  distortion  of  the  organ.  Conversely,  it  may  be  super- 
ficial at  first,  in  patches  or  plaques,  the  skin  appearing  as 
though  tanned,  hard,  rough  and  red.  This  may  extend  to  the 
adjoining  cutaneous  tissues  of  the  chest,  the  so-called  "en 
cuirasse"  cancer.  The  malignant  growth  may  appear  in  the 
form  of  small,  hard  nodules  of  irregular  size  which  may  remain 
as  they  are  if  left  alone,  or  ulcerate,  and  which  promptly  recur 
if  removed.  Ulceration  may  also  occur  when  the  growth  is  dif- 
fused, the  ulcer  resembling  a  crater  with  hard,  everted  edges, 
which  bleeds  easily  and  gives  off  a  thin,  offensive  discharge. 
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The  axillary  glands  are  involved  early,  and  as  they  enlarge  may 
cause  oedema  of  the  arm  or  neuralgia  by  pressing  upon  the  ves- 
sels and  nerves.  The  entire  lymphatic  system  is  exposed  to 
contamination;  hence  the  visceral  metastases  often  witnessed. 
After  the  tumor  has  reached  a  certain  size,  stinging,  burning 
or  neuralgic  pains  are  complained  of.  As  the  ulcerative  pro- 
cess advances,  the  toxemia  and  cachexia  do  likewise,  until  the 
patient  dies  exhausted.  Encephaloid  cancer  is  not  as  fre- 
quently observed  as  the  scirrhous  form.  It  grows  insidiously  in 
the  depth  of  the  organ  and  finally  reaches  the  skin.  By  gentle 
palpation,  the  tumor  may  be  detected  early  in  most  instances; 
it  may  be  fixed  or  movable,  or  nodular.  At  first,  the  skin  is 
free,  or  traversed  by  prominent  bluish  veins,  some  of  which  may 
become  varicose;  red  areas  then  appear — the  precursors  of 
adhesions  with  the  cancerous  mass.  This  soon  becomes  a  fluctu- 
ating mass  which  ulcerates,  becomes  fungous,  bleeds  readily 
when  touched,  and  gives  off  a  foul  odor.  Cachexia  appears 
earlier  than  in  scirrhous  cancer,  and  the  burning,  shooting  pains 
and  involvement  of  the  lymphatics  likewise.  The  softness  of 
the  growth  predisposes  it  to  haemorrhages  which  are  sometimes 
severe.   Death  occurs,  as  in  scirrhous,  from  exhaustion. 

Internal  Cancers. — Tongue. — The  anterior  portion  of 
this  organ  is  the  usual  seat  of  cancer,  which  begins,  as  a  rule, 
in  a  small  fissure,  ulcer  or  nodule  on  the  side  or  edge,  often 
where  a  sharp  tooth,  the  stem  of  a  pipe,  a  badly-fitting  tooth- 
plate,  etc.,  has  for  a  time  caused  irritation.  Psoriasis,  scars, 
leucoma,  cicatrices  due  to  injury  or  syphilis,  may  likewise  be- 
come the  starting-point  of  a  lingual  epithelioma.  When  any 
one  of  these  lesions  becomes  malignant,  it  soon  assumes  the 
aspect  of  a  more  or  less  deep  and  irregular  ulcer  with  prominent 
edges,  while  the  neighboring  tissues,  including  often  the  floor 
of  the  mouth  and  gums,  become  infiltrated.  Both  the  ulcera- 
tion and  infiltration  may  then  extend  posteriorly  and  involve 
the  pillars  of  the  fauces,  the  soft  palate,  the  tonsils,  etc.  There 
is  profuse  salivation  and  the  breath  becomes  extremely  fcetid. 
The  neighboring  l}Tnphatic  glands  become  involved  sooner  or 
later,  the  prompt  involvement  denoting  an  unfavorable  case. 
Gradually,  deglutition  and  speech  become  difficult  and  starva- 
tion soon  causes  marked  emaciation  and  weakness — a  condition 
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greatly  aggravated  when  the  ulceration  invades  arteries  and 
causes  haemorrhages.  After  a  year  or  two  of  intense  suffering, 
death  occurs  from  exhaustion. 

Larynx. — Hoarseness,  dyspnoea  and  cough  and  pain  are 
early  signs  of  cancer  of  the  larynx.  The  pain  is  usually  quite 
severe  and  lancinating,  generally  radiates  toward  the  ear,  and  is 
sometimes  especially  marked  during  deglutition.  Ulceration 
has  usually  begun  when  such  is  the  case.  Laryngoscopic  exam- 
ination often  shows,  at  first,  enlargement  of  one  cord,  then  con- 
gestion of  a  restricted  area  which  finally  ulcerates.  This  be- 
comes fungous  and  necrotic,  and  secretes  a  foetid,  sanious  liquid 
which  gives  the  breath  and  the  sputa  a  foul  odor.  Ulceration  of 
a  large  artery  may  cause  profuse  haemorrhage,  sufficient  in 
some  instances  to  compromise  the  patient's  life;  asphyxia  by 
the  entrance  of  food  particles  in  the  diseased  larynx,  and  pneu- 
monia from  aspiration  of  detritus  from  the  malignant  mass,  are 
additional  dangers  of  cancer  in  this  region.  The  general  health 
is  soon  undermined  owing  to  deficient  nutrition,  and  the  patient 
lapses  into  the  cachectic  state,  dying  of  general  marasmus. 

Oesophagus. — Dysphagia,  pain,  and  finally  regurgitation  of 
food  and  fluids  are  the  characteristic  symptoms  of  cancer  in  this 
region.  As  the  morbid  process  advances  the  neighboring  organs, 
the  larynx,  bronchi,  pericardium,  mediastinum,  lymphatic 
glands,  etc.,  may  be  involved  either  by  ulceration  or  pressure, 
causing  suffocation,  bronchitis,  inhalation  pneumonia  or  other 
complications.  Ulceration  of  the  aorta  or  one  of  its  branches 
may  also  occur  and  cause  fatal  haemorrhage.  As  a  rule,  however, 
starvation,  owing  to  the  oesophageal  obstruction,  and  exhaustion 
are  the  causes  of  death. 

Stomach. — Pain  in  the  epigastrium  is  present  in  practically 
all  cases;  but  it  is  often  preceded  by  a  period  of  dyspepsia, 
sometimes  attended  with  vomiting.  In  others  the  gastric  dis- 
orders may  be  slight  or  absent,  the  main  signs  being  those  of 
pernicious  anaemia,  with  intense  pallor.  Progressive  emaciation 
is  a  constant  feature  of  the  disease,  and  is  accompanied  by  more 
or  less  asthenia.  When  the  cancer  is  situated  near  the  cardia, 
spasm  of  the  oesophagus  and  dysphagia  may  occur.  Fever  is 
present  in  about  one-half  of  the  cases,  and  may  reach  104°  P. 
(40°  C.) ;   in  some  cases  the  febrile  process  is  continuous. 


CANCER. 


1395 


Glycosuria  and  indicanuria  are  commonly  observed,  peptonuria, 
sometimes.  Death  results  occasionally  from  diabetic  coma. 
(Edema  of  the  ankles  appears  in  the  majority  of  cases  and,  in 
some  instances,  general  anasarca  supervenes.  H^matemesis  is 
observed  in  about  one-fourth  of  the  cases,  the  material  vomited 
being  always  brown  or  black,  the  "cofEee-ground"  vomit.  The 
timior,  when  it  has  attained  a  certain  size,  can  often  be  dis- 
cerned both  by  inspection  and  palpation;  the  mass  rises  and 
descends  during  respiration — a  sign  especially  marked  in  cancer 
of  the  pylorus. 

Pancreas. — The  earlier  symptoms  are  gastro-intestinal,  i.e., 
indigestion  and  dull  paroxysmal  pain  in  the  epigastrium,  nau- 
sea, vomiting  or  diarrhoea,  flatulence,  the  stools  being  greasy 
and  clay-colored.  Marked  jaundice,  due  to  obstruction  of  the 
bile-duct  when  the  head  of  the  pancreas  is  involved,  ascites 
and  diabetes  are  sometimes  observed.  In  some  cases  a  tumor 
may  be  felt  in  the  pancreatic  region,  which  differs  from  that  of 
cancer  of  the  gall-bladder,  in  that  it  is  fixed.  A  distinct  pulsa- 
tion may  be  felt  in  the  organ  when  the  emaciation  is  sufficiently 
marked,  owing  to  the  fact  that  the  growth  lies  directly  upon  the 
descending  aorta.  Prominent  features  of  cancer  of  the  pan- 
creas are  a  rapid  loss  of  strength  and  emaciation,  soon  followed 
by  cachexia. 

Liver. — Progressive  enlargement  of  the  organ,  discernible 
on  palpation,  when  sufficiently  advanced,  with  pain  and  tender- 
ness are  the  most  common  symptoms,  especially  if  the  growth  is 
not  far  from  the  surface.  Gastric  disorders  are  frequently  com- 
plained of.  In  about  one-half  of  the  cases,  jaundice  and  ascites 
occur,  accompanied  in  some  instances  by  purpura,  though  the 
latter  may  appear  in  all  cases,  causing  death  frequently  within 
three  months. 

Gall-bladder. — Cancer  of  this  organ  is  almost  always  due 
to  irritation  by  gall-stones.  A  firm,  hard,  irregular  mass  can 
often  be  detected  at  the  site  of  the  organ,  which  moves  with 
the  liver  during  deep  respiration.  There  is  more  or  less  local 
tenderness  on  pressure,  and  severe  paroxysmal — though  some- 
times continuous — pain.  When  the  bile-ducts  are  involved, 
marked  and  persistent  jaundice  appears.    The  stools  may  be 
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bloody  and  dropsy  may  occur,  the  latter  being  a  feature  of  the 
cachetic  stage. 

Intestine. — The  symptoms  vary  according  to  the  position 
of  the  growth.  Irregular  attacks  of  acute  colicky  pains  from 
two  to  five  hours  after  a  meal,  according  to  the  location  of  the 
tumor,  nausea,  vomiting,  chronic  constipation,  with  diarrhoea 
and  meteorism,  are  almost  always  present,  Jaundice  being  super- 
added if  the  ducts  of  the  gall-bladder  are  involved.  When  the 
intestinal  obstruction  is  marked,  the  stools  may  assume  a  char- 
acteristic shape,  i.e.,  very  small  masses  or  lumps.  The  tumor 
may  sometimes  be  detected  by  palpation  through  the  abdominal 
walls,  especially  when  the  patient's  muscles  are  relaxed  by 
great  weakness  and  when  he  has  become  greatly  emaciated. 

Peritoneum. — An  uncomfortable  sensation,  with  perhaps 
pain,  in  the  abdomen  followed  by  ascites,  emaciation,  and  weak- 
ness are  about  all  the  symptoms  observed  at  first.  Differential 
diagnosis  alone  affords  some  clue  to  the  nature  of  the  disease: 
the  age  of  the  patient  excludes  tuberculosis  of  the  peritoneum, 
which  occurs  in  young  subjects;  the  absence  of  fremitus  dis- 
tinguishes it  from  echinococcic  cysts,  another  disorder  which  it 
greatly  resembles.  The  neighboring  organs,  including  the 
uterus,  ovaries  and  rectum,  should  be  examined  in  view  of  the 
fact  that  cancer  of  the  peritoneum  is  often  secondary.  The 
inguinal  glands  are  often  enlarged.  The  tumor  is  discerned 
with  difficulty  owing  to  the  ascites,  but  it  can  usually  be  felt  after 
paracentesis.  The  vessels  of  the  malignant  mass  sometimes 
rupture,  causing  severe  haemorrhage  and  aggravating  the 
cachexia. 

Uterus. — If  the  growth  begins  while  the  woman  is  still 
menstruating,  intermenstrual  spotting  and  a  serous  discharge  are 
likely  to  appear.  The  presence  of  such  signs  after  menopause 
is  also  significant.  The  slight  discharges  gradually  become 
more  frequent  and  abundant,  and  finally  emit  an  unpleasant 
odor,  the  fcetor  becoming  very  marked  when  necrotic  tissue  is 
present.  Pain  does  not  occur  until  the  morbid  process  is  well 
advanced,  and  is  due  to  involvement  of  the  neighboring  tissues 
and  their  nerves;  at  first  it  is  apt  to  radiate  into  the  iliac 
region  and  hip,  but  involvement  of  the  bladder,  rectum  and 
peritoneum  gives  rise  to  the  characteristic  pains  that  attend 
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inflammation  of  these  organs.  Examination  of  the  uterus 
should  be  practiced  as  soon  as  possible,  to  confirm  the  suspicions 
awakened  by  the  general  phenomena.  Intense  anaemia,  general 
weakness,  and  the  symptoms  of  the  cachectic  period  finally  ap- 
pear, though  death  is  often  due  to  uraemia. 

Rectum. — Uneasiness  in  the  sacral  region  and  along  the 
inner  side  of  the  thighs,  which  after  prolonged  exertion  may 
become  actual  pain  radiating  towards  the  rectum,  are  usually 
the  earliest  symptoms  complained  of.  Morning  diarrhoea,  the 
discharge  being  watery,  differing  as  to  odor  from  the  usual 
liquids  voided,  and  often  tinged  with  blood,  is  then  observed, 
though  this  be  interrupted  by  periods  of  constipation.  When 
the  stools  are  formed,  they  may  be  ribbon-like  when  the  growth 
is  low  down.  Local  pain,  which  occurs  late  and  is  severe,  espe- 
cially during  defecation,  if  the  growth  is  near  the  anus,  eventu- 
ally becomes  continuous.  Haemorrhages  may  then  appear  and 
become  more  frequent  when  ulceration  occurs,  thus  aggravat- 
ing what  general  debility  may  be  present.  The  lymphatic  glands 
of  the  region,  pelvic  and  lumbar,  are  often  enlarged  and  the  liver 
also  in  some  instances.  The  body  gradually  wastes  and  finally 
lapses  into  the  characteristic  cachetic  state. 

Pathogenesis  and  Pathology. — Advanced  age  is  the  pre- 
dominating predisposing  cause  of  cancer,  but  since  the  disease 
does  not  occur  in  all  aged  individuals,  an  additional  predisposing 
factor  is  necessary.  This  factor  may  be  said  to  include  all  mor- 
bid influences,  inherited  or  acquired,  which  tend  further  to  de- 
bilitate the  organism.  Although  cancer  is  witnessed  among  the 
poor  and  ill-fed,  and  its  development  may  follow  exhausting  toil, 
great  anxiety,  prolonged  illness  and  other  debilitating  condi- 
tions, it  occurs  at  least  as  frequently  among  subjects  who  have 
not  been  exposed  to  similar  untoward  influences,  i.e.,  the  well- 
to-do  and  well-fed,  and  even  the  over-fed.  In  all  these,  how- 
ever, inherited  vulnerability  to  disease,  which  means  inadequate 
activity  of  the  auto-protective  mechanism — the  adrenal  system 
— may  none  the  less  be  present,  and  when  advanced  age  is 
reached,  the  organism  is  unusually  vulnerable  to  disease  among  the 
rich  and  poor  alike.*  In  the  over-fed,  the  wear  and  tear  imposed 
upon  the  digestive  apparatus,  the  excessive  stimulation  of  the 
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organs  which  supply  the  digestive  ferments,  and  the  overload- 
ing of  the  lymph  and  blood  with  more  or  less  perfectly  catabo- 
lized  waste-products,  gradually  undermine  all  physiological 
functions,  thus  affording  the  accessory  factor  which  with  senility 
predisposes  any  part  of  the  body,  any  organ,  to  the  development 
of  cancer.* 

Bashford,"  alluding  to  results  reached  in  the  Imperial  Cancer 
Research  Fund  laboratories,  states  that  "the  association  of  cancer  witli 
old  age  is  the  only  factor  known  to  be  constantly  associated  and  inti- 
mately bound  up  with  the  processes  responsible  for  the  development  of 
cancer  in  man  and  animals."  He  also  calls  attention  to  the  fact  that 
"cancer  has  the  further  remarkable  common  feature  that  in  animals  it 
has  the  same  higher  incidence  in  old  age,  and  therefore  the  same  relation 
to  the  duration  of  life  as  in  man."  Freund,"  after  a  comprehensive 
study  of  the  etiolog;\'  of  cancer,  concludes  that  senilism  is  the  primary 
etiological  factor,  but  moreover,  that  it  could  be  premature  and  even 
localized  as  well  as  generalized.  This  accounts  for  the  occurrence  of 
cancer  at  times  in  younger  subjects — a  fact  which  the  British  Research 
Commission  has  also  elucidated  recently,  its  labors  having  shown,  ac- 
cording to  Sir  William  Church,*-  that  cancer  in  the  young  occurs  for  the 
most  part  "in  tissues  and  organs  which  lose  their  functional  activity  in 
early  life,  and  normally  undergo  degeneration  and  more  or  less  absorp- 
tion." 

The  presence  of  an  additional  predisposing  cause  is  shown  by 
the  relationship  of  cancer  with  tuberculosis — ^first  pointed  out  by 
Krauss,  in  1832.  Thus,  Roger  Williams'*  states  that  "no  hereditary 
condition  is  more  favorable  to  the  development  of  cancer  than  that  which 
predisposes  to  and  accompanies  tubercle."  Moak"  reported  five  cases 
in  which  carcinoma  and  tuberculosis  were  present  in  the  same  organ. 
H.  R.  Jones'^  found  that  in  England  and  Wales,  a  high  percentage  of 
phthisical  persons  had  a  cancerous  family  history,  and  the  age  period  at 
which  the  mortality  of  tuberculosis  reached  its  zenith,  35  to  45  years,  co- 
incided with  the  period  at  which  the  cancer  death-rate  began  to  increase. 
In  Ireland'"  a  collective  investigation  by  the  registrar-general  showed 
that  in  many  eases  cancer  occurs  in  the  same  family;  grandparents, 
parents  and  other  relatives,  and  that  the  family  likewise  shows  a  pre- 
disposition to  tuberculosis.  Closely  related  to  this  feature  of  the 
problem  is  the  observation  of  Roger  Williams,"  that  in  multicellular 
animals  and  plants,  tumors  rarely  occur  when  these  organisms  live  in  a 
state  of  Nature,  and  that  they  are  met  with  almost  exclusively  among 
domesticated  varieties,  especially  those  that  have  been  kept  long  in  con- 
finement. 

In  a  careful  analytical  study  of  the  twelfth  United  States  census, 
Guthrie  McConnell'*  found,  moreover,  that  those  employed  in  hard  out- 
door work  showed  a  higher  cancer  mortality  than  those  of  sedentary 
habits,  while  Freund"  witnessed  a  number  of  examples  in  which  a 
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chronic,  though  mild,  gastric  disorder  became  a  rapidly  fatal  cancer 
after  excessive  worry  or  overwork.  Finally,  Jonathan  Hutchinson*"  refers 
to  twelve  cases  of  cancer  which  had  developed  in  subjects  who  had  been 
long  under  the  influence  of  arsenic,  and  ascribes  the  tendency  of  chim- 
ney-sweeps to  the  large  proportion  of  arsenic  in  certain  coals.  We  have 
seen  that  arsenic  is  the  physiological  antagonist  of  thyroid  extract,  and 
that  it  depresses  the  functional  activity  of  the  adrenal  system  and, 
therefore,  that  of  all  vital  processes.  Robert  Bell-'  writes:  "That  the 
thyroid  has  an  important  relationship  to  the  incidence  of  cancer  is 
borne  out  by  the  fact  that  in  cancer  subjects  it  is  invariably  found 
to  be  more  or  less  atrophied,  hence  it  is  necessary  to  supplement  the 
modified  dietetic  measures  recommended  by  the  administration  of  either 
thyroid  gland  substance  or  its  active  principles.  By  these  means  we  have 
reason  to  hope  the  gland  may  recover  its  lost  power  and  thus  be  enabled 
to  resume  its  physiological  activity,  which  is  quite  within  the  range  of 
possibility." 

The  predisposing  influence  of  over-eating  is  emphasized  by  the  im- 
portance attached  to  the  gouty  diathesis,  long  ago,  by  French  clinicians, 
Bazin,  Bouchard-*  and  others,  and  more  recently  by  Felix  and  Robert 
BelP  and  Vigouroux.-*  Rabagliati,"  Roger  Williams*"  and  Chittenden," 
likewise  incriminate  excess  of  nutritive  material  in  general.  That  the 
predisposition  to  cancer  is  a  result  of  the  excessive  ingestion  of  food  is 
shown  by  the  fact  that  the  age  incidence  of  cancer  succeeds  that  of  gout. 
Indeed,  as  stated  by  Bazin,  "the  gouty  end  up  especially  with  cancer, 
particularly  by  cancer  of  the  rectum  and  bladder."  It  is  an  expression, 
in  these  cases,  of  the  chronic  phase  of  gout,  which  phase,  as  stated  by 
Levison,**  is  attended  by  debility  of  the  patient,  and  may  also  "appear 
in  feeble  subjects  as  the  only  manifestation  of  gout." 

Still,  if  we  are  dealing  with  general  adynamia,  why  is  the  cancerous 
growth  localized? 

A  cancer  develops  from  a  preexisting  aggregate  of  adventi- 
tious cells,*  whether  the  latter  constitute  a  mole,  a  naevus,  a 
wart,  a  fibroma,  etc.,  or  patches  of  eczema,  psoriasis,  paraffin 
acne,  cicatricial  tissue,  etc.,  or  an  ulcer,  fistula  or  other  lesion 
of  the  skin  or  mucous  membranes,  or  whether  it  occur  as  a  result 
of  localized  and  chronic  inflammation  in  the  deeper  or  internal 
organs.  As  long  as  the  nutrition  of  any  one  of  these  local  cell- 
aggregates  is  adequately  controlled  by  its  vascular  supply,  it 
retains  its  benign  character;*  when,  however,  a  debilitated 
condition  of  the  organism,  such  as  that  brought  about  by  senility 
or  any  of  the  other  predisposing  conditions  just  reviewed  pre- 
vails, it  develops  a  malignant  growth.    The  morbid  process 
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which  entails  this  result  is  as  follows :  the  vascular  centers, 
vasomotor  and  sympathetic,  along  with  the  rest  of  the  organism, 
become  functionally  depressed;  as  this  causes  relaxation  of  all 
arteries,  including  the  cutaneous  arterioles,  the  adventitious 
cell-aggregate  receives  an  excess  of  blood  (a  process  encour- 
aged by  the  reflex  influence  of  the  sensory  terminals  it  con- 
tains and  which  multiply  with  the  tumor),  and  if  the  passive 
hyperaemia  or  congestion  is  sufficiently  marked,  it  begins  to 
grow,  if  already  a  defined  tumor,  or  it  assumes  the  characters 
of  a  tumor  if  merely  a  patch  of  abnormal  cells.*  In  the  case 
of  moles,  nsevi,  warts  and  other  superficial  conditions,  trau- 
matisms, i.e.,  scratching,  friction  of  clothing,  blows,  etc.,  are 
sufficient  to  initiate  such  a  process  in  the  same  class  of  subjects, 
by  greatly  aggravating  a  local  hyperasmia  which  might  not 
otherwise  have  become  sufficiently  active  to  provoke  develop- 
ment into  a  malignant  tumor.* 

The  importance  attached  by  many  clinicians  in  recent  years,  as 
shown  by  the  papers  of  Eve,-°  Wilson  and  Kalteyer,'"  Bloodgood,^'^  Keen^^ 
and  others,  to  the  removal  of  warts,  moles,  pigmented  naevi  and  kindred 
cutaneous  excrescences  lest  they  become  malignant,  harmonizes  with 
these  conclusions.  Indeed,  Eve  found  that  out  of  33  cases  of  melano- 
sarcoma,  78  per  cent,  began  in  pigmented  moles,  while  Wilson  and 
Kalteyer  found  thau  out  of  51  cases  of  cancer  collected  by  them,  69 
per  cent,  had  their  origin  in  a  mole  or  naevus.  Moreover,  the  well-known 
corresponding  effects  of  prolonged  irritation  of  limited  areas  by  broken 
teeth,  the  pipe,  scars,  paraffin  acne,  lingual  psoriasis,  etc.,  sufliciently 
emphasize  the  pathogenic  influence  of  localized  processes.  Bergmann,"' 
in  fact,  asserts  that  carcinoma  of  the  extremities  does  not  occur  without 
some  cutaneous  lesion,  scar,  fistula,  ulcer,  eczema,  wart  or  mole  as  a 
precursor.  Suggestive  in  this  connection  is  the  observation  of  Leo  Loeb,'* 
that  in  cattle  the  most  frequent  place  for  the  occurrence  of  carcinoma  is 
the  inner  canthus  of  the  eye — a  region  greatly  exposed  to  irritation  and 
injury  by  twigs,  strawtips  and  the  like,  while  such  animals  are  feeding. 
In  an  extensive  study  of  cancer  in  the  domestic  animals,  Sticker^^ 
found  that  in  the  horse  the  nose  was  commonly  diseased,  an  organ  con- 
siderably exposed  to  scratches  and  other  traumatisms  in  the  manger. 

This  applies  likewise,  in  a  certain  sense,  to  cancer  of  the  stomach,  in- 
testines, rectum,  kidneys,  bladder,  gall-bladder  and  uterus.  All  these  or- 
gans are  exposed  to  the  chemical  and  physical  action  of  any  abnormal  con- 
stituent present  in  the  substances  passed  through  them — products  of  im- 
perfect digestion  in  the  alimentary  canal,  toxic  wastes  in  the  hepatic  and 
urinary  systems  and  in  the  uterine  discharges,  etc.  Maniscalco,^"  by  re- 
peated chemical  and  mechanical  irritation  of  the  exposed  gastric  mucosa 

*  Author's  conclusion. 

28  Eve:    Practitioner,  Feb.,  1903. 

3»  Wilson  and  Kalteyer:   Amer.  Jour.  Med.  Sci.,  Nov.,  1903. 
^1  Bloodgood:    "Progressive  Medicine,"  p.  204,  Dec,  1903. 
s^Keen:   Jour.  Amer.  Med.  Assoc.,  July  9,  1904. 
33Bergmann:    Berl.  klin.  Woch.,  Bd.  xlii,  S.  932,  1905. 
3*  Leo  Loeb:   Medicine,  Apr.,  1900. 

S5  sticker:   Arch.  f.  klin.  Chir.,  Bd.  Ixv,  S.  1023,  1902. 
'8  Maniscalco:   Riforma  medica,  vol.  xxi,  p.  340,  1905. 
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of  dogs,  caused  growths  which  presented  all  the  features  of  cancer.  Bazin 
observed,  as  stated,  that  cancer  of  the  bladder  and  rectum  followed  gout; 
the  prolonged  excretion  of  poisonous  waste-products  obviously  stands 
here  as  local  irritant.  This  affords  also  an  example  of  the  manner  in 
which  chemical  substances  in  the  blood,  secretions  and  excretions,  can 
predispose  a  restricted  territory  of  tissue-cells  to  cancer,  by  provoking 
therein  the  proliferation  of  new  cells,  atypical  in  the  sense  that,  as 
inflammatory  products,  they  are  adventitious,  and  therefore,  like  warts, 
moles,  and  the  like,  menacing  excrescences. 

The  functional  relationship  between  the  abnormal  cell-aggregates 
and  the  nervous  system  is  readily  demonstrable  even  in  such  apparently 
functionless  structures  as  a  mole,  a  nsevus,  and  the  like,  so  prone,  as 
stated  above,  to  become  malignant.  Wilfred  S.  Fox,"  in  an  exhaustive 
paper,  remarks  that  "this  connection  between  moles  and  the  cutaneous 
nerve-supply  is  not  surprising  when  one  considers  the  intimate  develop- 
mental relation  between  the  skin  and  the  nervous  system."  Foldau'* 
traced  nerve-fibers  in  these  structures,  while  Bergmann''*  states  that  mul- 
tiple pigmented  naevi  also  contain  nerve  terminals.  That  they  persist 
in  cancerous  neoplasms  is  shown  by  the  fact  that  H.  H.  Young,''"  using 
Ehrlich's  methylene-blue  method  in  ten  freshly  removed  careinomata 
and  sarcomata,  found  distinct  axis-cylinders  sometimes  in  considerable 
numbers,  in  no  less  than  five  growths,  i.e.,  cancers  of  the  breast,  cervix 
and  tibia. 

As  to  the  role  of  the  vasomotor  nerves — which  govern  nutrition — 
G.  Lenthal  Cheatle"  pointed  out  that  a  proportion  of  cases  of  cancer 
showed  a  "marked  relationship  between  the  spread  of  the  primary  focus 
and  the  distribution  of  nerves  and  trophic  areas"  and  adduced  a  large 
number  of  cases,  convincingly  illustrating  the  close  relationship  between 
the  initial  lesion  of  cancer  (frequently  a  mole)  and  points  at  which 
nerves  become  cutaneous,  including  the  maximum  pain  points  of  Head.** 
Although  most  of  the  cases  related  are  not — in  the  light  of  my  views — 
truly  cancerous  (being  instances  of  rodent  ulcer  due  to  deficient  nutri- 
tion of  the  cutaneous  elements,  and  not  of  growths  due  to  overnutrition 
of  these  elements)  the  fact  remains  that  they  clearly  sustain  Cheatle's 
opinion  that  trophic  nerves  are  concerned  in  the  morbid  process. 

The  influence  of  senility,  the  uric  acid  diathesis  and  other  predis- 
posing conditions  have  already  been  reviewed.  That  this  should  entail 
depression  of  the  vascular  nerve-centers,  and,  therefore,  general  vasodila- 
tion and  passive  congestion  of  any  moles  or  other  excrescences  present, 
is  self-evident.  The  effects  of  injury  on  these  small  growths  are  now 
thoroughly  recognized.  Thus  W.  W.  Keen"  writes  that  "all  such  growths 
are  exposed  to  traumatism,  such  as  blows,  friction  of  the  clothing, 
scratching  on  account  of  the  itching,  or  in  many  cases  on  account  of 
the  presence  of  a  little  scab — and  who  can  and  does  resist  the  tempta- 
tion to  scratch  off  these  scabs?"  ....  "In  consequence  of  such  injury 
or  repeated  and  long-continued  irritation — or  in  other  cases  without 
any  assignable  cause — they  begin  to  increase  in  size.  This  sudden  ac- 
tivity and  increase  in  size  usually  does  not  occur  for  months  or  more 
likely  years;  it  may  be  thirty  or  fifty  years,  or  even  more,  after  the 
mole  or  wart  was  first  noticed.  The  moment  they  begin  to  increase  in 
size,  they  are,  I  believe,  almost  invariably  malignant  growths." 

All  this  (apart  from  the  traumatisms,  which  probably  act  as  ex- 


3' Wilfred  S.  Pox:   Brit.  Jour,  of  Dermat.,  Jan.,  1906. 
'^Poldau:    Cited  by  Cheatle:   Brit.  Med.  Jour.,  Apr.  18,  1903. 

Bergmann:   Loc.  cit. 
«H.  H.  Young:   Jour,  of  Exper.  Med.,  Jan.,  1897. 
"  G.  Lenthal  Cheatle:    Brit.  Med.  Jour..  Apr.  18  and  Dec.  12,  1903. 
«2Head:   Brain,  vol.  xvi,  p.  1,  1893;  vol.  xvii,  p.  339,  1894. 
"W.  W.  Keen:  Loc.  cit. 
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citing  causes  of  cancer  of  the  breast  and  bones)  is  as  applicable  to  the 
pathogenesis  of  internal  cancers,  the  passive  vasomotor  hypersemia  being 
sufticient  here  to  start  the  process  of  growth  in  a  restricted  area,  the 
uterine  os,  for  instance,  which  has  become  the  seat  of  a  local  predis- 
posing disorder,  a  chronic  catarrhal  process,  cicatricial  tissue  incident 
upon  parturition,  etc.,  any  condition,  in  fact,  involving  localized  cell 
proliferation. 

At  first,  the  process  of  growth  is  localized,  in  the  sense 
that  the  body  at  large  does  not  participate  in  it.  When,  how- 
ever, the  tumor  has  reached  a  certain  size,  its  presence  becomes 
a  menace.  Its  structure  differing  from  that  of  normal  tissues  in 
that  the  channels  for  the  elimination  of  broken-down  cells, 
waste-products,  etc.,  are  either  absent  or  very  imperfect,  it 
becomes,  in  respect  to  the  body  at  large,  a  source  of  auto-intoxi- 
cation. This  evokes  a  general  febrile  reaction  similar,  in  a 
measure,  to  that  provoked  by  a  subcutaneous  abscess.  The 
adrenal  system  being  stimulated,  the  blood  soon  becomes  sup- 
plied with  an  excess  of  auto-antitoxin,  the  constituents  of  which 
permeate  the  growth  as  they  do  all  other  organs  during  fever.* 

The  development  of  the  tumor  is  thus  intimately  merged 
with  the  immunizing  process.*  There  is  excessive  oxygeniza- 
tion,  owing  to  the  overproduction  of  adrenoxidase  and,  there- 
fore, of  trypsin  and  nucleo-proteid.*  There  is  also  an  abun- 
dant leucocytosis,  the  cells  serving  not  only  to  supply  the  fluids 
of  the  growth,  the  trypsin  and  the  nucleo-proteid  found  in  it, 
but  also  to  insure  active  phagocytosis.* 

The  general  reaction  is  sufficient  in  some  cases  to  provoke  fever — 
which  occurs  only  when  the  adrenal  system  is  violently  stimulated. 
Fretel^  observed  a  rise  of  temperature  in  the  absence  of  any  complica- 
tion, especially  in  cancers  of  rapid  evolution.  Freudweiler,^'*  at  the  insti- 
gation of  Eichhorst,  studied  the  clinical  histories  of  475  cases  of  car- 
cinoma, and  found  that  the  temperature  exceeded  38°  C.  (100°  F. )  in 
no  less  than  117,  although  all  cases  in  which  some  complication  existed 
were  excluded.  Even  the  central  phenomena  of  a  febrile  process  are 
present.  De  Buck  and  Van  der  Linden*"  found  the  tendon  reflex  invari- 
ably exaggerated,  while  Klippel"  noted  a  marked  hyperexcitability  of  the 
muscles,  contraction  being  produced  very  readily  by  percussion. 

The  three  constituents  of  the  "functional  triad"  which  constitute 
the  active  agencies  of  the  febrile  process,  i.e.,  the  auto-antitoxin,  have 
been  found  in  the  growths  themselves,  thus  proving  that  they  take  part 
in  this  process. 

The  presence  of  adrenoxidase  in  these  growths  is  shown  by  the 
characteristic  tests.    Thus,  Hugounenq  and  Paviot,^*  in  soft  malignant 

♦  Author's  conclusion. 
*<Fretel:    Thdse  de  Paris,  1899. 

*s  Freudweiler:    Deut.  Arch.  f.  klin.  Med.,  Bd.  Ixiv,  S.  544,  1899. 

De  Buck  and  Van  der  Linden:    Presse  med.,  vol.  x,  p.  10,  1903. 
"Klippel:    Arch.  gen.  de  med.,  vol.  clxxxiii,  p.  33,  1899. 

Hugounenq  and  Paviot:   Lyon  medical,  vol.  Ixxxii,  p.  1,  1896. 
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tumors,  not  only  obtained  the  typical  guaiac  reaction,  but  also  the  intense 
violet  of  the  paraphenylene-diamine  test.  Moreover,  boiling  of  the  can- 
cer fragment  destroyed  this  specific  property,  which  was  not  marked 
where  the  process  of  growth  was  most  active.  They  characterize  as 
"oxidizing  diastase"  the  "soluble  ferment"  to  which  they  ascribe  these 
results,  and  compare  the  latter  to  those  of  Bertrand  and  Bourquelot, 
referred  to  in  the  thirteenth  chapter  of  this  work.  The  presence  of 
trypsin  in  cancerous  growths  is  no  less  evident.  Stewart"  found  a  high 
percentage  of  trypsin  in  secondary  growth  of  the  liver  and  lung  in  a  ease 
of  pancreatic  cancer.  This  suggests  direct  metastasis,  but  we  have  seen 
that  trypsin  is  present  in  all  cells,  as  shown  by  the  researches  of  Hedin, 
Cohnheim,  Opie  and  others.  Blumenthal,™  moreover,  found  a  correspond- 
ing enzyme  in  cancer  cells,  not  specific  to  cancer  cells  alone,  but  capable 
of  attacking  all  tissues.  The  third  constituent,  the  nucleo-proteid,  is 
likewise  present  in  all  tissues,  as  already  shown.  That  leucocytes 
(which  secrete  this  substance  in  the  form  of  granules)  are  present  in 
large  numbers,  is  w-ell  known.  Thus,  Herbert  Snow''  pointed  out  twelve 
years  ago  that  every  variety  of  malignant  growth  exhibits  from  its 
earliest  initiation,  an  extremely  copious  immigration  of  leucocytes,  which 
steadily  increases.  BushnelP-  fouiid  that  this  sometimes  reached  as  high 
as  32,580.  Snow  noted,  however,  that  this  leucocytosis  was  restricted 
to  the  normal  tissues  immediately  bordering  the  cancerous  parenchyma. 
This  has  been  confirmed  by  many  observers,  and  recently  by  Farmer, 
Moore  and  Walker.'^  Even  the  specific  (oxyphile)  granules  themselves 
have  been  found  in  the  tumors  by  Ehrlich,  Liiwit  and  Przewoski,"^ 
although  these  investigators  were  not  aware  of  their  functions.  The 
granules  took  acid  aniline  dyes  readily,  did  not  become  black  under 
osmic  acid,  etc.,  the  characteristic  tests.  They  were  of  course  observed 
in  extra  corpus  specimens,  and  therefore  under  abnormal  conditions. 
During  life,  however,  they  dissolve  in  the  blood,  and,  with  the  adrenoxi- 
dase  and  trypsin,  form  the  "digestive  triad"  or  auto-antitoxin,  distributed 
throughout  the  growth  itself. 

The  tumor  is  supplied  with'  the  elements  for  its  develop- 
ment, i.e.,  the  nucleo-proteids  out  of  which  its  tissues  are  nour- 
ished by  the  leucocytes.*  These  cells,  as  previously  shown, 
ingest  food-products  and  enterokinase — which  contains  trypsin 
— in  the  intestinal  canal  and  convert  them  into  granulations 
which  they  carry  to  the  lymphatic  spaces  and  deal  out  to  the 
tissue-cells.*  The  chromatin  of  the  latter,  which  undergoes 
atypical  mitosis  and  other  transformations,  was  also  shown  to 
be  derived  from  the  leucocytic  granulations.* 

Bashford,''  referring  to  various  hypotheses  upon  the  mode  of  origin 
and  nature  of  cancer,  states  that  "they  fail  to  show  how  the  actual  cell 
multiplication  is  maintained."  In  truth,  it  is  upon  this  point  that  they 
have  all  collapsed. 


*  Author's  conclusion. 

"Cited  by  Morris:   Review  of  Reviews,  Dec.  25,  1903. 

^  Cited  by  Von  Leyden:  "Ueber  die  parasitare  Theorie  in  der  ^tiologie  der 
Krebs.,"  Berlin,  1805. 
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French  investigators  long  ago  observed  that  the  leucocytes  exerted 
a  fructifying  influence  upon  cancer  cells,  causing  them  to  multiply."" 
The  manner  in  which  they  do  so,  however,  has  never  been  explained. 
The  direct  participation  of  the  leucocytes  outlined  in  the  text  affords 
this  explanation.  Indeed,  as  I  have  pointed  out,  these  cells  are  the 
actual  builders  of  living  tissue.  This  implies  that  the  mitotic  figures 
observed  in  cancerous  masses,  and  now  regarded  as  reproductive  cells, 
are  really  nothing  but  those  common  to  ordinary  cells,  including  leuco- 
cytes. Bashford  wrote  recently:"  "During  the  past  year  a  paper  has 
been  communicated  to  the  Royal  Society,  showing  that  the  nuclear  figures 
in  cancer  cells,  believed  to  indicate  the  occurrence  of  a  true  'reducing 
division,'  are  in  reality  of  the  ordinary  type.  Dr.  Murray  and  myself 
have  invariably  denied  that  the  presence  of  cell-divisions  resembling 
tliose  of  reproductive  tissue  were  a  means  of  distinguishing  benign  from 
malignant  new  growths." 

This  accounts  for  another  paradoxical  fact  emphasized  by  the  Royal 
Cancer  Research  Fund  investigators,  namely,  that,  as  stated  by  Bash- 
ford,'*'  "the  influence  of  age  is  active  in  relation  to  the  origin  of  cancerous 
growth,  and  not  in  relation  to  its  continuation ;  for  cancer  can  be  propa- 
gated almost  better  in  young  than  in  old  animals."  As  I  have  stated, 
age  stands  merely  as  a  predisposing  factor,  while  the  general  vasodila- 
tion which  it  engenders  and  the  febrile  process,  by  flooding  the  tumor 
with  nutritional  elements,  are  the  causes  underlying  its  growth.  As 
young  animals  are  better  able  to  promote  a  vigorous  febrile  reaction 
than  old  ones,  the  process  of  growth  is  all  the  more  active. 

Again,  "malignancy,"  if  these  processes  actually  prevail,  should 
merely  mean  excessive  tissue-growth.  The  labors  of  the  Royal  Cancer 
Research  investigators  also  sustain  this  conclusion.  Bashford'^"  remarks 
in  this  connection:  "What  is  understood  by  the  malignancy  of  a  tumor 
is  but  a  manifestation  of  the  power  of  growth:  a  conclusion  to  which 
Ehrlich  and  Apolant  have  recently  given  confirmation."  The  Cancer 
Research  Commission  also  confirmed  Jensen's  conclusion  that  the  growth 
of  artificially  propagated  cancer  was  due  to  the  continued  proliferation 
of  the  parenchyma  cells — a  logical  outcome,  I  may  add,  with  the  leuco- 
cytes as  the  normal  purveyors  of  nutriment  to  the  normal  parenchyma. 

There  are,  of  course,  several  varieties  of  carcinoma:  (1) 
epithelioma,  consisting  of  surface  epithelium,  which  includes 
two  kinds:  the  squamous  of  the  skin  and  mucous  membrane  of 
the  lips,  oesophagus,  and  cervix  uteri,  etc.;  and  the  cylindrical 
or  columnar  of  the  gastric,  intestinal  and  uterine  mucous  mem- 
branes; (2)  the  granular,  consisting  of  acini  or  alveoli  in  layers 
—and  which  may  become  fibrous,  the  scirrhous  form — and  grow- 
ing mainly  in  the  pylorus,  mammary  gland,  pancreas,  kidneys, 
ovaries  and  testicles;  (3)  colloid  or  gelatinous,  consisting  of 
transparent,  jelly-like  masses,  containing  degenerated  tissues 
and  epithelial  cells,  and  met  with  in  the  ovaries,  stomach,  intes- 
tine, peritoneum,  and  mammary  gland;   and  (4)  deciduoma 


M  Warren:    "Surgical  Pathology  and  Therap.,"  vol.  li,  p.  643,  1895. 
"  Bashford:    Brit.  Med.  Jour.,  July  26,  1906. 
^Bashford:    Ibid.,  Dec.  9,  1905. 
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malignum  of  the  placenta,  consisting  of  foetal  epithelial  cells 
(syncytium)  and  of  diiferent  cells  of  the  chorion  villi. 

Several  varieties  of  sarcoma  are  also  described:  (1) 
spindle-celled  sarcoma,  which  occurs  in  the  connective  tissue  of 
bones,  tendons,  fasciae,  and  occasionally  in  the  soft  tissues;  (2) 
round-celled  sarcoma,  often  permeated  with  large  blood-vessels, 
and  more  malignant  than  the  former,  is  itself  divided  into  two 
varieties :  lymphosarcoma,  which  occurs  in  the  lymphatic  glands 
and  the  lymphadenoid  tissues  of  mucous  membranes,  and  alveolar 
sarcoma,  which  contains  also  spindle-cells,  acini  filled  with  large, 
round  cells  and  fibrous  tissue,  and  is  notable  because  it  com- 
monly develops  from  cutaneous  moles,  njEvi  and  warts,  and  from 
lymphatic  glands  and  serous  membranes;  (3)  angiosarcoma  (a 
very  malignant  growth),  which  starts  in  the  external  coat  or 
adventitia  of  blood-vessels,  is  usually  very  vascular — thus  ex- 
posing them  to  rupture  and  provoking  haemorrhage — likewise 
grows,  as  a  rule,  on  the  skin  and  particularly  from  pigmented 
warts  and  moles,  and  also  in  the  eye  and  the  pia-mater;  (4) 
giant-celled  sarcoma,  a  relatively  benign  growth,  which  usually 
occurs  in  bone  or  bone-marrow  (hence  often  called  osteo-  or 
myelo-sarcoma),  the  large  multinuclear  cells  of  which  resemble 
the  myelo-plaques  of  bone. 

The  difference  between  all  these  varieties  depends  upon  the 
histological  composition  of  the  structures  which  form  the  tumor. 
At  first,  all  the  tissues  composing  the  affected  area  are  involved 
in  the  hypertrophic  process;  eventually,  however,  the  epithe- 
lium in  carcinoma  or  the  connective  tissue  in  sarcoma  grows 
with  greater  rapidity  than  all  the  other  local  structures  and 
soon  constitutes  the  bulk  of  the  tumor.  The  development  of  sar- 
coma coincides,  however,  with  the  maximum  energy  developed, 
i.e.,  with  the  most  active  local  accumulation  of  nutrient  leuco- 
cytes and  of  the  energizing  agents,  adrenoxidase  and  nuclein, 
which  this  phenomenon  entails.* 

All  the  various  varieties  of  cancer  enumerated  are  ascrib- 
able  to  the  same  cause:  a  primary  focus  of  proliferation-cells 
due  to  local  (active  or  passive)  irritation,  which  eventually  pro- 
vokes marked  local  congestion  and  excessive  nutrition.*  Im- 
portant in  this  connection,  however,  is  the  fact  that  this  local 
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hyperemia  and  accumulation  of  all  the  constituents  of  the  blood 
which  usually  provoke  inflammation  do  not  initiate  the  latter 
in  cancerous  growths.*  The  local  congestion,  leucocytosis,  etc., 
are  associated  with  a  process  distinct  from  that  of  inflammation 
though  linked  with  it,  i.e.,  the  process  of  tissue  repair.*  Were 
it  otherwise,  the  tumor  would  not  grow;  it  would  be  destroyed, 
and  as  will  be  shown,  it  is  by  provoking  active  inflammation  in 
the  growth  itself  that  cancer  can  be  mastered.* 

Many  investigators,  including  Israel,*"  now  ascribe  to  relative  over- 
activity, the  proliferation  of  epithelial  cells  over  all  others,  with  per- 
sistent excitation  as  a  primary  cause.  Even  in  the  giant-celled  sar- 
coma, though  situated  in  osseous  tissues,  this  exciting  cause  prevails. 
Ziegler  maintains,  writes  Stengel,"  referring  to  this  variety  of  growth, 
"that  the  presence  of  giant-cells  does  not  form  an  essential  characteristic 
of  a  peculiar  type  of  tumor,  but  that  it  is  accidental,  resulting  from 
continued  irritation."  The  result  of  this  irritation  also  manifests  itself 
by  overnutrition  in  sarcoma.  Thus,  H.  W.  CattelP^  states  that  "it  is  at 
times  impossible  from  microscopical  study  alone  to  tell  a  sarcoma  from 
granulating  tissue." 

It  is  now  generally  conceded  that  at  first  all  the  elements  of  the 
tissue  involved  are  more  or  less  urged  to  grow  as  shown  by  Schuchardt.*^ 
In  the  early  stage  of  cutaneous  epithelioma,  he  observed  that  "not 
merely  the  epithelium,  but  all  the  tissues  of  the  skin,  the  connective 
tissue  as  well,  show  hypertrophic  changes,"  though  "later,  the  over- 
growth of  epithelial  cells  outruns  and  overshadows  that  of  the  other 
tissues." 

That  sarcoma,  in  which  the  connective  tissue  predominates,  is  but 
an  advanced  stage  of  the  carcinomatous  stage,  was  recently  observed  by 
Apolant  and  Ehrlich,"''  in  the  course  of  inoculation  experiments  in  mice. 
The  carcinomatous  type  was  traced  up  to  the  sixth  generation.  By  the 
tenth  a  change  had  occurred:  the  tumor  was  a  mixed  one,  a  sarcomatous 
stroma  predominating.  By  the  fourteenth,  no  carcinomatous  tissue  re- 
mained. They  refer  to  a  similar  transition  in  man,  observed  by  Sehmorl, 
a  case  of  epithelioma  of  the  thyroid.  After  removal,  the  tumor,  which 
recurred  locally,  was  a  mixed  carcinoma  and  sarcoma.  A  second  removal 
being  followed  by  death  from  metastasis,  all  the  growths  examined 
were  found  to  be  pure  spindle-celled  sarcomata.  Hansemann^^  has  en- 
countered carcinomata  with  sarcomatous  stroma,  and  refers  to  twenty 
cases  in  literature.  Apolant  and  Ehrlich  did  not  always  obtain  such 
prompt  transitions,  however.  In  some  instances  the  mixed  growth  was 
only  reached  in  the  sixty-eighth  generation;  then  followed  a  violent 
reaction,  during  which  the  tumor  became  a  pure  sarcoma.  So  great 
was  this  "energy  of  growth"  that  in  the  course  of  a  few  weeks,  in  some 
instances,  the  tumor  was  larger  than  the  mouse  itself.  They  state  that 
at  the  present  time  no  explanation  is  available  for  this  phenomenon, 
though  they  suggest  that  the  development  may  be  due  "to  chemical 
changes  in  the  carcinoma  cells  and  gradual  stimulation  of  the  connec- 


•  Author's  conclusion. 
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tive  tissue  cells."  What  better  and  more  solidly  grounded  explanation 
can  there  be  vouchsafed  than  one  of  which  all  the  elements  of  growth 
are  actually  present  in  the  tumor,  as  we  have  seen,  and  which  alone  can 
account  for  the  violent  "energy  of  growth"  to  which  they  refer?  We 
are  thus  brought  to  consider  overnutrition  as  the  underlying  cause  of  all 
types  of  malignant  growths. 

All  malignant  tumors  being  the  outcome  of  a  localized 
overdevelopment  of  cells  initiated  by  irritation  of  the  area  in- 
volved, any  agent  capable  of  provoking  the  appropriate  type 
of  irritation  can  cause  a  cancer.  As  various  parasites,  including 
bacteria,  have,  in  the  hands  of  the  upholders  of  the  parasitic 
theory,  provoked  the  formation,  local  and  remote,  of  cancerous 
growths,  there  may  be  classes  among  these  appropriate  irritants.* 
Moreover,  as  the  growths  developed  through  inoculations  and 
implantations  present  the  morphological  organization  of  sporadic 
cancers,  those  provoked  by  the  upholders  of  parasitic  theories  are 
true  cancers.*  It  cannot  be  said,  however,  that  cancer  is  a  para- 
sitic disease,  since  all  malignant  growths  can  be  caused  by  vari- 
ous factors,  intrinsic  and  extrinsic,  which  irritate  the  tissues, 
irrespective  of  any  parasite.* 

The  multiplicity  of  these  factors  also  accounts  for  the  epi- 
demics of  cancer,  its  repeated  occurrence  in  certain  houses  or 
districts,  and  for  the  cases  of  direct  contamination  on  record, 
since  the  presence  of  any  of  the  appropriate  irritants  in  these 
houses  or  districts  or  on  the  contaminating  surface,  whether 
this  be  normal  or  the  seat  of  malignant  growth  (both  frag- 
ments and  fluids  therefrom  being  effective  inoculative  agents), 
is  sufficient  to  start  a  malignant  process  in  predisposed  tissues.* 
A  tissue  being  predisposed  to  malignancy  when  it  is  the  seat  of 
adventitious  cells  in  an  aged  or  debilitated  subject,  an  ulcerated 
surface,  however  small,  on  the  lips,  tongue,  oesophagus,  uterus, 
etc.,  may  become  a  vulnerable  spot  if  it  happens  to  become  inocu- 
lated when  any  one  of  the  cancerogenic  factors  happens  to  be- 
come implanted  therein.* 

Merged  in  with  the  tissues  of  the  tumor  and  imprisoned  among 
them  are  cells  which  have  been  taken  by  many  investigators  as  the 
specific  cause  of  cancer.  Cornil,""  Fabre  Domergue  and  others  have 
shown  that  the  many  cellular  and  nuclear  elements  present  could  readily 
be  taken  for  parasites.  The  nuclei,  which  are  rich  in  chromatin,  soon 
become  fimbriated,  knobbed,  sometimes  (edematous,  and  finally  achro- 
matic, assuming  at  the  same  time  most  varied  shapes  and  appearances. 


*  Author's  conclusion. 
Cornil:   Boston  Med.  and  Surg.  Jour.,  Apr.  19,  1894. 


1408    INTERNAL  SECRETIONS  IN  PATHOGENESIS  AND  TREATMENT. 


Councilman"  also  found  that  parasites  to  which  specific  properties  had 
been  attributed,  were  present  in  many  morbid  processes  other  than 
cancer.  In  accord  with  this  observation,  Borrel"*  pointed  out  that  the 
sporozoa  associated  with  tissue-proliferation  in  sheep-rot,  variola,  bovine 
pest  and  other  diseases,  corresponded  with  the  detritus  of  worn-out 
leucocytes.  Borrmann™  recently  showed,  moreover,  that  none  of  the 
so-called  parasites  are  found  in  very  small,  young  cancers,  thus  elimin- 
ating them  as  a  cause.  Transplantation  experiments  are  as  conclusive. 
Jensen,™  for  instance,  made  transplantations  in  844  mice  and  obtained 
successful  results  in  about  50  per  cent.  Although  cell  inclusions  were 
undoubtedly  present  and  the  tumors  grew  until  the  mice  died  of  cach- 
exia, he  never  observed  parasites,  and  experimental  inoculation  invari- 
ably gave  negative  results.  This  has  been  confirmed,  according  to  Bash- 
ford,"  in  the  Royal  Research  laboratories,  where  at  least  50,000  trans- 
plantation experiments  were  performed.  Referring  to  researches  con- 
ducted under  the  same  auspices,  Sir  William  Church"  states  that  "large 
numbers  of  healthy  mice  have  been  kept  for  long  periods  in  the  same 
cages  with  mice  suffering  from  both  sporadic  and  inoculated  tumors," 
and  that  "in  no  single  instance  did  the  malignant  growth  occur  in  an 
inoculated  mouse."  As  emphasized  by  Leo  Loeb,"  though  he  had  carried 
on  highly  successful  experimental  inoculations,  inoculability  does  not 
mean  infectivity.  On  the  whole,  as  stated  by  Senn"  at  the  recent  Lisbon 
Congress,  in  reference  to  the  specificity  of  microbes  and  other  parasites 
in  cancer:  "Searching  criticisms  from  different  reliable  sources  have 
disarmed  all  such  claims." 

Nevertheless,  the  fact  remains  that  many  investigators,  beginning 
with  Morau,  in  1885,  i.e.,  Sanfelice,^'^  Roswell  Park,'"  Gaylord,"  Doyen,™ 
Sticker,""*  Vischer,™  Schmidt,®'  and  many  others,  have  obtained  by  inocu- 
lation growths  resembling  cancers  to  such  a  degree  that  microscopical 
examination  was  necessary  to  determine  their  identity.  In  the  light  of 
my  views,  as  defined  above,  the  reports  of  the  opponents  of  the  parasitic 
theory  indicate  that  these  growths  were  true  cancers.  "By  the  investi- 
gators themselves,"  writes  Lazarus-Barlow,"^  "they  have  been  regarded 
as  'epithelial,'  'malignant,'  etc.,  but  by  opponents  of  the  parasitic  theory 
they  are  confidently  asserted  to  be  'infective  granulomata,'  that  is,  inflam- 
matory." Cornil,  Cazin*'  and  others  also  concluded  that  the  tumors 
produced  by  parasites  were  of  this  nature.  Even  the  cancers  which 
Doyen  obtained  by  inoculations  with  a  supposed  specific  microbe,  were 
found  by  Weinberg,**  of  the  Pasteur  Institute,  after  a  careful  examina- 
tion, and  also  by  Cornil,  to  be  an  inflammatory  "proliferation  of  tissue." 
This  conclusion  indicates  the  cancerous  nature  of  the  growth,  since  the 
main  landmarks  upon  which  it  could  be  based  were  the  intense  hyper- 
semia,  the  equally  marked  leucocytosis  and  the  granulation  tissue,  all  of 
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which,  however,  as  previously  stated,  indicate  an  entirely  different  pro- 
cess, i.e.,  excessive  nutrition  through  the  accumulation  of  blood  and  cells. 
Indeed,  as  stated  by  Councilman,*'  the  characteristic  of  cancerous  growths 
is  that  they  are  capable  of  attracting  to  themselves  a  supply  of  nourish- 
ment at  the  expense  of  the  surrounding  tissue,  and  necessarily,  I  may 
add,  of  the  body  at  large.  This  is  an  attribute  of  all  cancerous  growths, 
whether  sporadic  or  due  to  transplantation  or  inoculation. 

This  does  not  alter  the  fact,  however,  that  as  Orth*"  declared 
recently,  "no  one  up  to  the  present  time  has  produced  proof  that  car- 
cinoma is  of  parasitic  origin."  All  that  can  be  said  is  that  certain  para- 
sites can  be  included  among  the  many  factors  of  divers  kinds  that  are 
capable  of  irritating  the  cellular  elements  which  act  as  foci  for  the 
development  of  malignant  growths.  This  accounts  for  an  important 
corroborative  fact  adduced  by  the  supporters  of  the  parasitic  doctrine, 
viz.,  that  it  clings  to  districts,  buildings,  or  groups  of  buildings,  that 
it  may  occur  epidemically,  as  observed  by  Hvoslef"  (all  the  cases  being 
in  aged  subjects)  and  others,  and  that  it  has,  though  rarely,  been  com- 
municated. With  various  exogenous  and  endogenous  agents  as  patho- 
genic elements,  quarters  inhabited  by  cancerous  subjects  may  readily 
become  intermediary.  This  applies  as  well  to  direct  contamination 
through  contact  with  a  malignant  growth,  since,  as  shown  later,  vestiges 
of  such  growths,  or  even  their  juices  after  filtration,  can  start  a 
malignant  process  in  an  ulcerated  mucous  membrane.  As  this  implicates 
the  tongue,  lips,  oesophagus,  uterus,  etc.,  while  an  area  of  ulceration 
may  be  extremely  small  and  still  constitute  a  vulnerable  spot,  it  is 
probable  that  more  cancers  are  thus  communicated  than  is  now  realized, 
irrespective  of  any  specific  parasite  as  cause. 

Cancer  cells,  when  placed  in  appropriate  surroundings, 
retain  their  vitality  several  days,  and  when  transplanted,  con- 
tinue to  divide  and  multiply,  preserving  the  characters  of  the 
original  tumor.  This  accounts  for  the  fact  that  malignant 
tumors  can  develop  in  regions  remote  from  the  original  growths. 
The  predilection  of  the  lymphatic  glands  to  metastasis,  however, 
is  due  to  the  relative  viability  of  these  cells  in  lymph  as  com- 
pared to  blood:*  While  the  blood  is  destructive  to  cancer-cells, 
especially  when  its  temperature  (i.e.,  its  proteolytic  activity*) 
is  above  normal,  the  lymph  into  which  the  cells  pass  on  leav- 
ing the  cancerous  mass  is  not.  This  is  mainly  because  (1)  its 
temperature  is  lower  than  that  of  the  blood,  (2)  its  proteolytic 
activity  is  relatively  slight  and  (3)  its  circulation  is  extremely 
slow  (4  mm.  per  second).  The  cancer-cells  being  comparatively 
immune  in  lymph,  they  readily  reach  the  lymph-glands  which 
occur  in  the  path  of  the  lymph-streams  and  tributaries  emanat- 
ing from  the  main  tumor.*  As  all  tissues  are  permeated  by 
lymphatic  vessels,  these  afford  ready  channels  for  cancer-cells 

*  Author's  conclusion. 
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to  every  part  of  the  body,  a  fact  which  accounts  for  the  fre- 
quent occurrence  of  metastatic  growths  in  regions  remote  from 
the  original  cancerous  mass,  and  in  all  kinds  of  tissues.  This  is 
facilitated,  moreover,  by  the  fact  that  the  cancerous  fluids  can 
also  provoke  the  transformation  of  an  aggregate  of  benign 
adventitious  cells,  the  edges  of  an  ulcer,  etc.,  into  a  malignant 
growth  and  likewise  cause  the  development  of  the  latter  when 
injected  into  the  tissues. 

Not  every  accessory  growth  should  be  regarded  as  meta- 
static, however,  since  cancers  of  a  similar  kind  and  even  of  dif- 
ferent kinds  have  been  known  to  develop  in  the  same  subject 
simultaneously. 

Bashford**  states  that  when  cancer  is  successfiilly  inoculated  from 
one  animal  to  another,  "a  few  parenchyma  cells  retain  their  vitality  and 
continue  to  divide  and  multiply,  giving  rise  to  large  tumors  at  the  site 
of  inoculation;"  the  new  stroma  formed  "assumes  the  distinctive 
features  of  the  original  stroma,"  the  new  tumor,  therefore,  being  "ex- 
actly like  the  original  one."  Indeed,  as  emphasized  by  Albrecht,*"  meta- 
static growths  in  human  cancer  cases  may  even  functionate,  as  do  the 
organs  from  which  they  are  derived. 

The  viability  of  detached  tissues  accounts  for  the  resumption  of 
their  functions.  Thus,  Ljunggren™  found  that  when  carefully  sterilized, 
bits  of  human  skin  could  be  preserved  in  sterile  human  ascitic  fluids  for 
months,  and  that  the  cutaneous  cells  retained  their  vitality.  Trans- 
planted pieces  which  had  been  in  this  fluid  one  month,  subsequently 
showed  marked  proliferation  of  epithelial  cells  and  many  nuclear  figures. 
The  transplanted  cells  also  penetrated  into  the  granulation  tissue  be- 
neath, as  in  beginning  carcinoma.  Jensen"  observed  a  similar  resistance 
in  cancer  cells,  some  living  twelve  days,  isolated,  at  the  room  tempera- 
ture. In  the  blood,  however,  matters  were  diflFerent:  he  found  that  at 
the  temperature  of  the  body  they  perished  in  twenty-four  hours,  and  that 
at  temperature  above  the  normal  they  rapidly  lost  their  vitality.  Meta- 
stasis, therefore,  can  occur  only  under  certain  conditions,  for  it  is  only 
when  or  where  the  temperature  is  normal  or  below  normal,  that  de- 
tached cancer  cells  can  safely  run  the  gauntlet  of  the  blood's  destructive 
action  and  reach  a  spot  where  they  may,  as  it  w'ere,  take  root  and  grow. 
Indeed,  as  stated  by  Bashford,"^  the  transmission  of  cancer  differs  from 
all  known  processes  of  infection:  "the  tissues  of  the  new  hosts  do  not 
acquire  any  cancerous  properties;  they  merely  react  to  the  presence 
of  cancer  cells  and  supply  them  with  nourishment."  As  explained  in 
the  text,  a  field  where  detached  cancer  cells  are  not  endangered  is  un- 
fortunately available  as  soon  as  they  leave  the  tumor,  viz.,  the  lym- 
phatic vessels  themselves,  the  normal  channels  for  all  detritus,  and 
which  serve  also  for  their  general  distribution,  as  stated  below. 

Even  apart  from  the  direct  development  of  a  tumor  by  transplanta- 
tion thus  provoked,  a  lesion  anywhere,  and  characterized  by  an  agglom- 
eration of  adventitious  cells,  may  become  the  starting  point  of  malig- 
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nant  growth  when  these  cancerous  vestiges  are  available.  Thus  Hem- 
meter"*  obtained  gastric  carcinoma  in  dogs  alTected  with  experimental 
peptic  ulcer,  by  inoculating  the  animals  with  particles  of  canine  adeno- 
carcinoma. More  striking,  however,  is  the  fact  that  he  obtained  similar 
results  by  injecting  a  sterile  and  cell-free  filtrate  of  a  similar  growth. 
As  Mayet"  also  obtained  a  splenic  sarcoma  by  injections  of  a  filtrate  of 
a  uterine  myoma — a  frequent  precursor  of  cancer— it  is  evident  that  a 
fluid  derived  from  the  cancerous  mass,  and  not  necessarily  cancer  tis- 
sue, can  start  the  malignant  process.  The  ease  with  which  the  poison 
may  be  distributed  being  thus  greatly  increased,  almost  any  preexist- 
ing" lesion  in  any  part  of  the  body  is  exposed  to  contamination,  and  may 
thus  become  the  seat  of  cancer  as  was  the  case  in  Hemmeter's  animals. 

The  cancerous  cachexia  is  due  to  hgemolysis,  the  result,  in 
turn,  of  the  excessive  proteolytic  activity  of  the  blood.*  Both  the 
red  corpuscles  and  the  haemoglobin  are  actively  destroyed,  this 
morbid  process  beginning  soon  after  the  cancer  begins  to  grow. 
The  presence  in  the  blood  of  an  excess  of  adrenoxidase — and 
therefore  of  auto-antitoxin,  to  which  this  morbid  process  is  due 
— provokes  likewise  an  exaggerated  vasotonus  by  stimulating 
unduly  and  directly  the  muscular  coat  of  all  arteries.*  As  a 
result  of  the  vasoconstriction  thus  produced,  the  blood-serum 
is  forced  into  the  capillary  system  and  lymphatics,  causing  vari- 
ous manifestations  of  oedema,  anasarca,  hydrothorax,  puffiness, 
etc.*  After  death  the  caliber  of  the  vessels  is  found  considerably 
reduced,  owing  to  the  prolonged  constriction  to  which  they  are 
subjected  during  life.*  This  also  predisposes  the  patient  to  con- 
gestive disorders;  hence  the  pulmonary  congestion,  the  neuritis, 
phlebitis  and  kindred  disorders  often  met  with.*  The  excess 
of  adrenoxidase  is  likewise  shown  by  the  tendency  to  thrombosis 
observed  in  these  cases,  adrenoxidase  being,  as  we  have  seen,  the 
blood's  fibrin-ferment.* 

The  prolonged  strain  imposed  upon  the  adrenal  system 
finally  causes  it  to  become  functionally  weakened.*  This  con- 
dition is  aggravated  when  the  tumor  is  the  seat  of  ulceration, 
by  auto-intoxication,  owing  to  the  accumulation  in  the  blood 
of  detritus  and  bacteria  from  the  putrifying  mass.  Death  occurs, 
unless  a  fatal  intercurrent  disease  appear,  from  asthenia,  the 
typical  mode  of  death  when  the  adrenal  center  becomes  para- 
lyzed.* 

The  cancerous  cachexia  is  now  attributed  to  the  direct  action  of 
poisons  derived  from  the  cancer  upon  the  tissues,  causing  their  degenera- 


*  Author's  conclusion. 
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tion.  That  this  is  due  to  haemolysis,  however,  is  8ho\vn  in  various  ways. 
As  far  back  as  1843,  Andral  and  Simon  found  the  red  corpuscles  greatly 
reduced  even  during  the  early  stages  of  the  disease,  a  fact  confirmed  by 
Hayem  and  others.  Roger  Williams,""  who  refers  to  these  authors,  also 
states  that  "the  red  blood-corpuscles  show  signs  of  progressive  deterior- 
ation and  destruction.  A  marked  diminution  of  the  haemoglobin  was 
also  shown  to  exist  by  Quinquaud,  a  fact  confirmed  by  Chudowsky""  after 
examining  the  blood  of  51  cases,  Donati"  and  others.  Roger  Williams 
says,  moreover,  that  "a  thousand  grams  of  normal  blood  contain  about 
125  grams  of  this  substance,  whereas  in  cancer  cases  the  amount  often 
does  not  exceed  25  grams."  He  compares  the  condition  to  that  which 
prevails  in  pernicious  anaemia,  which,  as  we  will  see,  is  due  to  haemoly- 
sis. Finally,  Kullmann"'  found  recently  that  freshly-drawn  blood  of 
cancerous  subjects  contained  a  hsemolytic  substance,  and  that  it  acquired 
especial  activity  when  the  cellular  elements  were  present.  That  the  only 
hsemolytic  substance  is  auto-antitoxin,  we  have  seen. 

Other  phenomena  which  are  now  misinterpreted  are  the  serous 
effusions,  the  anasarca,  etc.  That  they  are  due  to  general  vasoconstric- 
tion is  shown  by  the  fact  referred  to  by  Roger  Williams,  that  in  cases 
that  have  run  their  natural  course,  "smallness  of  the  heart,  aorta  and 
arterial  trunks"  is  "observed  post-mortem,"  and  that  as  shown  experi- 
mentally by  Louis  (1846),  the  "total  quantity"  of  altered  blood  is 
"notably  diminished."  Considerable  of  their  serum  having  passed  into 
the  subcutaneous  tissues,  the  chest,  etc.,  oedematous  effusions  occur.  The 
cause  of  the  excessive  vasoconstriction  becomes  apparent  also,  when  the 
direct  action  of  the  unusual  quantity  of  the  auto-antitoxin  on  muscular 
coats  of  the  vessels  is  taken  into  account,  as  stated  in  the  text.  This 
effect  should,  however,  also  be  manifest  in  the  other  muscles  of  the 
body.  KlippeP'  observed  that  notwithstanding  the  wasting  there  was 
marked  reflex  hyperexcitability  of  the  muscles.  The  excess  of  all  three 
constituents  of  the  auto-antitoxin  is  likewise  shown  by  the  paradoxical 
phenomenon  recently  observed  by  Sticker,""  that  when  cancer  had  been 
successfully  transplanted  in  dogs,  these  animals  were  immune  to  further 
inoculation.  Indeed,  the  Cancer  Research  Commission  also  found 
recently,  according  to  Bashford,'""^  that  "an  injection  of  healthy  blood  may 
protect  mice  against  the  subsequent  inoculation  of  Jensen's  tumor  being 
successful."  The  reason  for  this  becomes  self-evident  in  view  of  the 
identity  of  the  body's  auto-protective  agency,  the  auto-antitoxin  that  the 
blood  contains. 

That  the  adrenal  should  finally  yield,  under  these  conditions,  is 
obvious.  Nepveu*^"'^  found  what  lymphatics  were  present  filled  with 
detritus  of  various  kinds,  and  epithelium.  The  morbid  effects  of  the 
detritus  are  generally  recognized.  Eifer"'  compares  the  putrifying  pro- 
cess to  that  which  occurs  in  plants  having  parasitic  excrescences.  The 
roots  of  some  of  these,  through  various  bacteria,  including  the  bacillus 
amylobacter,  become  centers  of  infection  which,  owing  to  the  eacodyle, 
give  out  a  repulsive  odor.  In  human  cancer,  the  corresponding  ulcera- 
tion  is  due  to  pyogenic  and  other  bacteria.  Thus,  WlaefT,'"*  found 
among  others,  the  proteus  septicus  hominis  and  the  bacillus  coli  com- 
munis.   That  these  organisms  enter  the  blood-stream  was  shown  by 


»^  Roger  Williams:    Edinburgh  Med.  Jour.,  June,  1897. 

Chudowsky:    La  med.  moderne,  vol.  vi,  p.  151,  1895. 
"  Donatl:   Giorn.  della  r.  Accad.  di  Med.  d.  Torino,  June,  1901. 
ssKulImann:    Zeit.  f.  klin.  Med.,  Bd.  liii,  S.  293,  1904. 
•"Klippel:    Loc.  cit. 

100  Sticker:    Zeit.  f.  Krebsforschung,  Bd.  i,  S.  413,  1904. 

101  Bashford:    Brit.  Med.  Jour.,  July  28,  1906. 
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Maragliano.'"^  He  examined  the  blood  of  33  cancerous  patients,  and 
although  the  strictest  antiseptic  precautions  were  taken  in  each  instance, 
he  found  staphylococci  of  various  kinds  in  9  instances.  These  were  all 
cases  in  which  ulceration  had  occurred,  while  no  bacteria  were  found  in 
the  blood  when  such  ulceration  was  absent.  The  general  course  of  this 
additional  morbid  process  is  precisely  that  depicted  by  Roger  Williams. 
"When  ulceration  sets  in  and  the  wound  gets  invaded  by  microbes," 
writes  this  observer,  "the  ordinary  symptoms  of  septic  infection  may  be 
added  to  those  of  the  cancerous  cachexia.  Considering  the  putridity  that 
characterizes  these  ulcerating  cancers,  especially  when  the  uterus  is  the 
part  affected,  septic  complications  are  remarkably  rare;  but  no  doubt 
in  certain  cases,  they  contribute  their  quota  to  the  ensemble  of  symptoms. 
Hemorrhages  and  suppurations  further  impoverish  the  blood  and  weaken 
the  patient.  At  length,  if  not  cut  off  by  some  intercurrent  complication, 
death  results  from  asthenia." 

Treatment. — Eemoval  of  the  tumor  and  of  all  contaminated 
glands  or  metastatic  growths  is  followed  by  prompt  recovery, 
even  the  cachectic  phenomena  disappearing  in  practically  all 
cases.  This  procedure,  when  practicable  without  endangering 
the  patient's  life  or  producing  unusually  distressing  deformities, 
is  still,  and  rightly,  too,  the  method  of  choice,  until  some  non- 
surgical measure  will  have  proven  itself  as  reliable.  Potent 
reasons  urge,  however,  the  need  of  such  a  measure :  besides  the 
desirability  of  avoiding  mutilation,  the  impossibility  to  operate 
in  some  cases,  the  delay  which  dread  of  surgical  procedures  in- 
spires, etc.,  there  is  the  undeniable  fact  that  removal  of  the 
growth  serves  but  to  defer  its  fatal  effects  in  the  vast  majority 
of  cases,  an  assertion  but  too  clearly  sustained  by  the  ever- 
growing death-rate.  The  functions  of  the  adrenal  system  not 
only  explain  the  pathogenesis  of  cancer,  but  it  points  to  the  class 
of  agents  which  will  master  this  dread  disease.* 

A  cancer,  in  the  light  of  the  foregoing  facts,  is  initiated, 
nourished  and  caused  to  grow  by  blood  constituents  which,  as 
agents  of  the  organism's  auto-protective  mechanism,  should,  in 
reality,  have  destroyed  it  from  the  start.*  Owing  to  senility 
or  other  debilitating  conditions,  however,  the  defensive  process, 
which  requires  an  excess  of  auto-antitoxin,  is  inadequate;  and 
mere  nutrition,  with  mitotic  proliferation  of  cells,  i.e.,  growth, 
results,  because  the  blood's  auto-antitoxin  happens  to  be  com- 
posed of  the  identical  substances  which,  under  normal  condi- 
tions, nourish  the  tissues.*  Our  aim,  therefore,  should  be  to 
raise,  if  possible,  the  functional  efficiency  of  the  body's  defensive 


•  Author's  conclusion. 
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resources  by  means  of  agents  which,  by  increasing  markedly  the 
functions  of  the  adrenal  system,  augment  correspondingly  the 
proportion  of  auto-antitoxin  in  the  blood  and  other  body-fluids.* 
All  the  agents  studied  in  the  eighteenth  and  nineteenth  chapters, 
and  others  not  analyzed  in  the  present  work,  are  available  to 
attain  this  end.*  Thyroid  extract  occupies  a  prominent  place 
among  these  agents. 

Thyroid  extract  was  used  in  cancer  as  an  adjunct  to  oophorectomy, 
some  years  ago,  by  Beatson,™  Stanley  Boyd,""  Dorland"-"'  and  others; 
but  as  removal  of  the  ovaries  might  have  accounted  for  the  beneficial 
results  noted,  these  reports  can  hardly  be  taken  as  guide.  It  was  first 
used  alone  in  cancer  (and  before  Beatson)  by  Robert  Bell,'"'  with  success. 
Recently,""  he  stated  that  several  of  the  recoveries  were  of  over  nine 
years'  standing,  although  they  included  cases  of  mammary  and  uterine 
cancer.  Page  and  Bishop"'  caused  the  entire  disappearance  of  a  carcin- 
oma of  the  breast  by  the  use  of  the  extract  alone,  beginning  with  3 
grains  (0.2  gm.)  and  increasing  until  15  grains  (1  gm. )  were  given 
daily.  At  the  time  of  the  report,  two  and  one-half  years  later,  was 
well,  and  no  trace  of  the  cancer  could  be  discovered.  Dennis"^^  also  ob- 
tained more  benefit  from  the  use  of  thyroid  extract  than  from  any  other 
agent,  while  H.  A.  Beaver,"^  in  a  desperate  case  of  carcinoma  (also 
recognized  as  such  by  Sir  Francis  Laking)  nearing  its  end  and  attended 
by  great  suffering,  obtained  results  "little  short  of  marvellous."  He 
states  that  "convalescence  began  immediately,  so  that  by  the  end  of 
January  [the  thyroid  extract,  5  grains  (0.33  gm.),  quickly  increased 
to  20  grains  (1.33  gm. )  daily,  having  been  begun  at  the  end  of  Novem- 
ber] the  patient  was  up  and  free  from  pain."  The  following  October 
she  "was  quite  well  and  was  following  an  active  life."  A.  R.  Robin- 
son"^ writes:  "I  have  tried  experimentally  during  the  last  twenty- five 
years,  many  drugs  and  gland  extracts,  including  all  the  vaunted  agents, 
and  many  others  less  famed,  from  mixed  toxins  to  the  last  recommended 
gland  extract,  and  with  the  exception  of  thyroid  extract,  and  possibly 
arsenic,  I  have  never  seen  any  definite  benefit  from  their  use." 

The  prevailing  empirical  use  of  thyroid  extract  fails  to 
afford  the  best  results*  and  exposes  the  patient  to  complica- 
tions,* for  the  following  reasons:  (1)  The  vigor  with  which 
large  doses  enhance  oxygenation  and  catabolism  through  the 
adrenal  system,  not  only  in  the  body  at  large,  but  in  the  can- 
cerous mass  itself,  entails  an  accumulation  of  waste-products  in 
the  lymphatics  and  blood-vessels  beyond  the  excretory  capacity 
of  the  kidneys.   The  indiscriminate  use  of  such  doses,  therefore, 


*  Author's  conclusion. 
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exposes  the  patient  to  nephritis  which  may  prove  fatal;  (2) 
the  use  of  thyroid  extract  alone,  by  raising  metabolic  activity  in 
the  organism  and  in  the  growth,  involves  the  corresponding 
consumption  of  the  blood's  sodium  chloride  and,  though  in  a  less 
degree,  its  alkaline  salts.*  If  these  are  not  replaced,  the  pa- 
tient's vital  functions  become  greatly  depressed;  and  osmosis 
being  deficient,  he  becomes  readily  vulnerable  to  intercurrent 
diseases,  while  the  beneficial  influence  of  the  extract  is  thwarted, 
through  the  fact  that  the  trypsin,  the  active  agent  of  auto- 
antitoxin,  loses  its  power  in  the  absence  of  sodium  chloride; 
(3)  excessive,  i.e.,  still  greater  doses,  by  causing  a  correspond- 
ingly great  quantity  of  thyroidase  to  accumulate  in  the  blood, 
soon  influences  the  depressor  nerve,  and  the  functions  of  the 
patient's  pituitary  and  thyroid  bodies  being  inhibited,  the  stimu- 
lating action  of  the  extract  on  the  test-organ  and  adrenal  center 
(through  which  its  beneficial  effects  are  produced)  is  prevented.* 

The  quantity  of  thyroid  extract  should,  therefore,  be  small 
to  begin  with:  3  grains  (0.2  gm.)  three  times  daily,  in  a  sub- 
ject of  average  health  apart  from  the  presence  of  the  growth, 
this  quantity  being  gradually  increased  by  one  grain  (0.065  gm.) 
weekly,  until  10  grains  (0.6  gm.)  are  taken  after  each  of  the 
three  meals — provided,  however,  he  does  not  complain  of  rheu- 
matic pains  (which  indicate  excessive  metabolism),  and  his  urine 
remains  approximately  normal,  albuminuria  (due  to  high  blood- 
pressure*)  being  only  regarded  as  abnormal  when  marked.* 

To  preserve  the  fluidity  of  the  blood,  facilitate  the  excretion 
of  catabolic  wastes  and  protect  the  kidneys  by  causing  the  spe- 
cific gravity  of  the  urine  to  remain  low,  a  quart  of  some  mineral 
water,  such  as  Ballardvale,  Londonderry  Lithia,  etc.,  should  be 
drunk  in  the  twenty-four  hours.*  This  applies  only,  however, 
to  patients  whose  diet  is  normal,  i.e.,  who  ingest  through  its 
intermediary  enough  sodium  chloride  and  alkaline  salts  to  sat- 
isfy the  needs  of  the  organism.* 

In  fully  developed  cancer,  the  blood  as  a  whole  is  deficient 
in  sodium  chloride.  As  the  proteolytic  activity  of  trypsin  re- 
quires a  fixed  proportion  of  this  salt — especially  since  it  facili- 
tates osmosis  and  tissue-metabolism — it  should  be  given  as  an 
adjuvant  to  the  thyroid  extract.*    Its  use  assumes  additional 


*  Author's  conclusion. 


1416    INTERNAL  SECRETIONS  IN  PATHOGENESIS  AND  TREATMENT. 


importance  when  the  fever  is  marked,  when  the  patient  is  on  a 
milk  diet,  or  when  but  little  food  is  taken,  since  the  latter  must 
compensate  the  body  for  the  sodium  chloride  excreted  in  the 
urine,*  over  one-half  ounce  (14  gms.)  daily.  The  indications 
for  its  use  are  similar  to  those  in  febrile  diseases,"^  the  quan- 
tity ingested  being  regulated  by  the  degree  of  pyrexia. 

In  advanced  cases,  the  renal  functions  are  usually  impaired. 
Sodium  chloride  under  these  conditions  provokes  oedema.  It 
is  also  contraindicated  if  any  form  of  oedema  is  already 
present.  Plain  or  mineral  water  should  then  be  used  instead, 
as  in  the  earlier  stages  of  the  disease.* 

The  fact  that  excessive  doses  of  thyroid  extract  tend  to  aggravate 
the  renal  disorders  to  which  cancerous  subjects  are  liable  is  made  self- 
evident  not  only  by  the  well-known  fact  that  it  increases  markedly  the 
urea  excretion,  but  also  by  several  cases  reported.  The  use  of  consider- 
able pure  or  mineral  water  to  insure  adequate  fluidity  of  the  blood  and 
to  protect  the  kidneys  is  of  considerable  importance.  In  two  of  my  eases 
it  sufficed  (without  thyroid)  to  cause  retrogression  of  the  growth.  In 
one  of  these,  a  breast  cancer  in  the  initial  stages,  about  to  be  removed 
under  the  advice  of  two  surgeons,  there  has  been  no  recurrence,  though 
three  years  have  elapsed.  The  patient  (aet.  68)  faithfully  continues 
drinking  one  quart  of  (still)  mineral  water  daily.  This  points  clearly 
to  the  importance  of  osmosis  in  the  curative  process. 

The  relationship  between  the  functional  efficiency  of  trypsin  (the 
active  proteolytic  agent  in  auto-antitoxin)  and  sodium  chloride  is  well- 
known  to  physiologists.  Thus  Halliburton""  states  that  pancreatic  juice 
taken  from  a  temporary  fistula,  contains  7.35  parts  of  sodium  chloride  in 
a  thousand.  As  this  is  almost  exactly  the  proportion  in  normal  saline 
solution,  trypsin,  the  active  ferment  in  pancreatic  juice,  must  require 
this  proportion  to  exercise  its  proteolytic  action  most  actively.  This 
constitutes,  therefore,  an  important  feature  in  the  treatment  of  cancer. 

Again,  Von  den  Velden"'  has  shown  that  free  hydrochloric  acid  is 
absent  in  nearly  all  cases  of  gastric  ct^ncer.  Osier"*  states  that  "of  94 
cases  in  which  the  contents  were  examined,  in  84  free  HCl  was  absent." 
This  is  not  due  to  the  local  disease,  for  Moore,  Roaf  and  Whitley""  found 
recently  that  in  practically  all  cases  of  cancer,  and  wherever  located, 
free  hydrochloric  acid  is  either  absent  from  the  gastric  contents  or 
greatly  reduced  in  quantity.  Now,  as  shown  by  the  experiments  of 
Voit  and  Cahn,  "the  chlorides  present  in  the  blood-plasma  are  the  source 
of  the  aeid.'"^"  Hammarsten'^'  also  states  that  "there  can  be  no  doubt 
that  the  hydrochloric  acid  of  the  gastric  juice  originates  from  the  chlor- 
ides of  the  blood."  It  is  evident,  such  being  the  case,  that  the  blood,  as 
a  whole,  is  deficient  in  sodium  chloride.  In  the  light  of  evidence  pre- 
viously adduced,  therefore,  the  osmotic  properties  of  the  plasma  and  the 
activity  of  the  adrenoxidase  and  trypsin  are  all  impaired  in  cancer. 

*  Author's  conclusion. 
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I  recommended  the  use  of  saline  solution  simultaneously  with  thy- 
roid extract  and  the  x-ray,  in  the  first  volume  (January,  1903),  also 
calling  attention  to  the  fact  that  "the  curative  process  requires  alkaline 
salts"  to  insure  the  full  activity  of  the  tryptic  intraphagocytic  digestion" 
— besides  that  of  the  cancerous  cells  carried  on  by  the  plasma's  auto- 
lytic  constituents.  This  in  a  measure  accounts  for  the  beneficial  results 
obtained  with  sodium  chloride  alone  by  Rost.'-  Freund'^  also  found 
that  the  introduction  of  an  alkaline  fluid  into  arterial  channels  leading  to 
the  growth  proved  beneficial.  But  in  view  of  the  facts  adduced  above, 
it  is  evident  that  salt  alone  cannot  prove  curative. 

Its  contraindication  in  advanced  cases  is  shown  by  the  fact  that 
Glosser  and  Frisbie'-*  found  experimentally  that  while  a  normal  subject 
could  ingest  large  quantities  of  sodium  chloride  without  evil  efi'ect,  can- 
cer patients  showed  oedema  when  the  chloride  consumption  was  increased 
— a  fact  which  they  ascribe  to  the  impairment  of  renal  excretion.  In- 
deed, oedema  may  occur  in  its  various  forms,  as  we  have  seen,  when  the 
cachectic  period  is  reached — an  indication  that  the  kidneys  are  the  seat 
of  inflammatory  lesions  caused  by  the  excessive  functional  activity  im- 
posed upon  them  and  the  local  effects  of  toxic  wastes. 

X-ray  and  radium  cause  a  rise  of  temperature  and  hyper- 
aemia  in  the  growth,  thus  causing  the  proteolytic  activity  of  the 
auto-antitoxin  {i.e.,  its  trypsin)  in  its  blood.*  The  penetra- 
tion of  the  x-rays  is  greater  than  that  of  radium;  hence  the 
greater  efficacy  of  the  former.  The  frequent  failures  observed, 
however,  are  due  to  the  paucity  of  auto-antitoxin  in  the  blood.* 
Thyroid  extract  should  be  used  simultaneously,  therefore,  in 
the  manner  indicated  above.*  Cataphoresis  may  likewise  be 
advantageously  employed  in  conjunction  with  tliyroid  extract 
and  the  use  of  fluids. 

That  the  x-ray  method  alone  may  be  effective  both  in  sarcoma  and 
epithelioma,  has  been  shown  by  Morton,  Allen,  Pusey,  Pfahler,  Leonard, 
Skinner,  Beck  and  others.  Even  here,  breaking  down  of  the  tissues  by 
the  trypsin  in  the  cancer  is  evidently  the  curative  process.  As  noted  by 
most  clinicians,  congestion  is  a  prominent  feature  of  the  effect  pro- 
duced, the  local  temperature,  as  observed  by  Carl  Beck,^-"  being  some- 
what higher.  As  stated  by  Skinner,'™  moreover,  "the  effect  of  the  x-ray 
light  is  due  to  a  stimulation  of  the  reparative  functions  of  the  tissues 
dt,pendent  on  an  inflammatory  reaction,"  but  how  is  this  carried  out  ? 
"Its  destructive  influence,"  continues  Skinner,  "is  always  exhibited  on 
tissues  wliich  are  low  in  vitality."  The  need  of  a  destructive  agent  in 
the  process  asserts  itself,  however,  and  trypsin,  we  have  seen,  is  pres- 
ent in  large  quantities  in  cancerous  growths. 

I  advised  the  concomitant  use  of  x-ray  and  thyroid  extract  over 
four  years  ago.^"  Since  then.  Am  Ende,'''*  having  used  it  in  several 
instances,  obtained  beneficial  results  in  two  cases  which,  under  x-rays 
alone,  had  failed.    He  mentions  three  eases  which  were  proving  rebel- 

*  Author's  conclusion. 

"2  Host:   Alkaloidal  Clinic,  Aug.,  1903. 

Preund :    Loc.  cit. 
'^Glosser  and  Prisbie:   Jour.  Amer.  Med.  Assoc.,  Feb.  24,  1906. 

Carl  Beck:   N.  Y.  Med.  Jour.,  May  24,  1902. 

Skinner:   Jour.  Amer.  Med.  Assoc.,  Jan.  17,  1903. 
i"Sajous:   Monthly  Cyclo.  of  Pract.  Med.,  May,  1903. 
1^  Am  Bnde:   Amer.  Jour,  of  Surg.,  Aug.,  1905. 
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lious  to  X-ray  treatment  and  were  given  thyroid  by  R.  T.  Morris,  in 
addition  to  the  rays.  "All  three  responded  promptly,"  two  being  cured 
and  the  third  improved.  Another  case  of  Morris's,  an  extensive  recur- 
rent carcinoma  of  the  breast,  also  ended  in  cure  under  the  combined 
treatment.  Am  Ende'-'  recently  reported  seven  cases  in  which  recurrent 
growths  were  markedly  reduced,  some  disappearing  completely,  by  means 
of  the  combined  use  of  a  fluid  extract  of  sheep's  thyroid  and  radium  or 
x-rays.  In  one  instance,  a  case  of  adeno-earcinoma  of  the  sigmoid 
flexure  and  rectum,  diagnosed  by  laparotomy,  and  abandoned  as  lethal, 
normal  health  was  restored. 

In  one  case  radium  was  used  with  thyroid  by  Am  Ende,  the  result 
being  "considerable  constitutional  betterment,"  besides  the  improvement 
of  local  symptoms.  The  action  of  radium  is  similar  to  that  of  x-rays,  but 
as  emphasized  by  Perthes""  and  Exner,"'  its  influence  does  not  extend 
much  beyond  2  or  3  centimeters  from  the  surface.  The  influence  of 
this  on  its  therapeutic  value  is  well  shown  by  the  following  summary, 
by  Catharine  Maefarlane,"^  of  the  results  obtained  by  various  clinicians: 
"13  rodent  ulcers  cured;  14  epidermoid  cancers  cured;  1  malignant 
wart  cured;  11  cases  of  cancer  of  the  (Esophagus  slightly  improved; 
1  sarcoma  cured;  27  carcinomas  unaff'ected;  1  malignant  wart  unaf- 
fected; 1  malignant  mole  unaff'ected;  1  rodent  ulcer  unaffected." 
Diminutive  growths  may  be  destroyed,  therefore;  thus,  in  19  mice- 
cancers  ranging  from  a  pea  to  a  bean  in  size,  Apolant'^^  obtained  com- 
plete retrogression  in  11,  and  reduction  to  mere  traces  in  the  rest. 
Morton,  Lassar"*  and  others  have  reported  cures  in  human  subjects, 
but,  on  the  whole,  radium  is  not  as  effective  as  the  x-rays.  Plimmer,'" 
for  example,  tried  radium  in  17  cases,  with  but  slight,  if  any,  beneficial 
effect.  In  nearly  every  instance,  hovvever,  the  growth  is  said  to  have 
"blistered"  or  "reddened" — evidence  to  the  effect  that  it  provokes  local 
hypersemia — a  well-known  fact.  When  radium  acts  directly  on  ferments 
it  soon  destroys  them,  but  Neuberg"^^"  has  shown  that  when  of  two  frag- 
ments of  the  same  cancer,  one  is  exposed  to  the  action  of  radium  and 
the  other  is  not,  the  first  will  undergo  disintegration  twice  as  fast  as  the 
second.  The  wealth  of  these  growths  in  trypsin,  and  the  heat-energy 
supplied  by  the  radium,  account  for  this  effect,  as  in  the  case  of 
the  x-ray.  Indeed,  here,  there  being  no  circulation  of  blood,  the  heat 
evoked  by  the  radium  alone  becomes  the  energizing  agent  of  the  ferment. 
The  use  of  cataphoresis,  as  practiced  by  Betton  Massey,  suggests  itself  as 
probably  more  effective  than  either  the  x-rays  or  radium,  since  it  pro- 
motes disintegration  of  the  growth,  as  does  thyroid  extract. 

Thyroid  extract  is  always  indicated  when  the  x-ray  or 
radium  is  used,  to  prevent  metastasis.*  The  proportion  of 
auto-antitoxin  in  the  blood  and  the  tumor  itself  being  increased, 
the  cellular  fragments  and  the  soluble  poisons  liberated  during 
the  disintegration  of  the  malignant  tissues  are  themselves  more 
perfectly  broken  down,  thus  reducing  the  chances  of  metastasis 
in  proportion.* 

*  Author's  conclusion. 

Am  Ende:    Jour,  of  Advanced  Therap.,  Apr.,  1907. 
i»>  Perthes:    Verb.  d.  Deut.  Gesellschaft  f.  Chir.,  Bd.  ii,  S.  398,  1904. 
isi  Exner:    Deut.  Zeit.  f.  Chlr.,  Bd.  Ixxv,  S.  379,  1904. 
"2  Catharine  Macfarlane:    Amer.  Medicine,  Apr.,  1906. 
i»3Apolant:    Deut.  med.  Woch.,  Bd.  xxx,  S.  454,  1903. 
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Allen,  Coley"'  and  other  observers  have  found  that  metastasis 
occurred  more  frequently  under  the  x-ray  treatment  than  without  it. 
This  is  readily  explained  by  the  fact  that  as  the  mass  is  being  broken 
down,  fragments  and  toxic  juices  (capable,  we  have  seen,  of  causing 
metastasis  in  proximate  or  remote  tissues)  are  freed  into  the  lymph 
spaces  in  unusual  quantities.  The  proportion  of  auto-antitoxin  in  the 
blood  being  in  no  way  increased  by  the  local  treatment,  the  process  of 
implantation  or  intrinsic  inoculation  is  not  antagonized.  By  powerfully 
stimulating  the  adrenal  center,  thyroid  extract  greatly  increases  not 
only  the  proteolytic  activity  of  the  blood  and  the  proportion  of  phago- 
cytes, but  also  that  of  the  cancerous  mass  itself.  The  detached  frag- 
ments, cells,  and  soluble  poisons  are  thus,  from  the  start,  either  reduced 
to  the  condition  of  benign  wastes,  or  their  activity  as  living  cells  or  as 
bio-chemical  elements  is  greatly  diminished. 

The  fact  that  trypsin  is  the  active  proteolytic  agent  of  auto- 
antitoxin  accounts  for  the  beneficial  action  of  this  ferment  in 
cancer.*  Finding  the  agents  with  which  it  normally  combines, 
adrenoxidase,  nucleo-proteid  and  thyroidase,  in  the  tissues,  to 
form  auto-antitoxin,  it  simply  increases  the  volume  of  the  lat- 
ter body-fluids — the  process  accomplished  by  thyroid  extract 
directly  and  through  the  adrenal  system.* 

Trypsin,  beginning  with  15-minim  (1  gm.)  doses  of  a 

2-per-cent.  solution,  and  increasing  by  5  minims  (0.3  gm.) 

every  other  day,  is  injected  subcutaneously  as  neai  the  growth 

as  possible  in  sound  tissue.    The  skin  should  be  previously 

asepticized  and  anaesthetized  with  a  few  drops  of  a  Vjo-grain 

(0.005  gm.)  solution  of  eucaine  and  the  local  application  of  a 

small  piece  of  ice.  To  improve  the  patient's  digestive  functions, 

one  or  two  teaspoonfuls  of  glycerole  of  pancreatin  should  be 

given  in  a  little  water  immediately  before  meals. 

As  to  the  action  of  trypsin  on  cancer,  J.  Beard,"'  Shaw-Macken- 
zie,"°  Blumenthal,  Bergell,  Neuberg  and  Wolff""  and  Von  Leyden"'  all 
hold  that  trypsin  can  dissolve  the  cancer  cell,  while  G.  H.  A.  Clowes"^ 
found  experimentally  that  the  serum  of  Jensen  cancer-mice  contained  an 
immunizing  body  capable  of  inhibiting  development  of  cancer  in  these 
animals.  This  proved  to  be  trypsin.  J.  Beard"'  found  that  from  four 
to  nine  injections  of  2  minims  (0.1  gm.)  of  a  1.5  per  cent,  solution  of 
this  ferment  in  sterilized  water,  in  ten  days  in  cancerous  mice  caused 
active  degeneration  of  the  cancer  cells.  Shaw-Mackenzie,'**  whose  method 
is  that  given  above  in  the  general  text  (the  trypsin  may  be  obtained 
in  this  country  from  Fairchild  Bros,  and  Foster,  New  York,  the  glyc- 


*  Author's  conclusion. 
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1^  J.  Beard:    Lancet,  Feb.  4.  1905. 

1™  Shaw-Mackenzie:   Ibid.,  Feb.  11,  1905. 

"0  Blumenthal,  Bergell,  Neuberg  and  Wolff:  Berl.  klin.  Woch.,  Bd.  xlU,  Nu. 
12-15,  1905. 

"iVon  Leyden:   Brit.  Med.  Jour.,  May  13,  1905. 

"2  G.  H.  A.  Clowes:    Bull.  Johns  Hopkins  Hosp.,  Apr.,  1905. 

1*3  J.  Beard:   Brit.  Med.  Jour.,  Jan.  20,  1906. 

^**  Shaw-Mackenzie:    "Nature  and  Treatment  of  Cancer,"  London,  1905. 


1420    INTERNAL  SECRETIONS  IN  PATHOGENESIS  AND  TREATMENT. 


erole  of  pancreatin  from  Armour),  reported  several  cases  in  which  the 
use  of  trypsin  subeutaneously  and  by  the  mouth  caused  retrogression 
of  the  growth.  Recently'"  he  wrote:  "Repeated  observation  has  con- 
vinced myself  and  others  that  shrinkage  of  the  growth  has  occurred 
and  does  occur,  with  relief  of  pain  and  unequivocal  improvement  in 
general  nutrition,  appetite  and  weight.  In  far  advanced  cases,  it  should 
be  clearly  understood  that  not  much  more  than  relief  of  pain  is  to  be 
expected." 

Beard'"  having  concluded  that  amylopsin  was  a  necessary  factor 
of  the  curative  process,  recommends  the  following  procedure:  "After  a 
few  preliminary  injections  of  small  amounts  (half  an  ampoule  of  the 
injectio  trypsini)  the  course  should  be:  1.  Injectio  trypsini  daily  up 
to  two  ampoules  for  three  or  four  weeks.  2.  Then  one  ampoule  of  injectio 
amylopsini  on  the  next  day,  and  so  alternately  for  about  four  weeks. 
3.  Lastly,  one  or  even  two  ampoule  of  the  new  injectio  amylopsini  for 
about  four  weeks,  or  longer,  in  the  judgment  of  the  physician. 

A  large  number  of  isolated  cases  have  been  reported  recently,  the 
majority  of  which  indicate  that  the  method  is  a  promising  one,  though 
some  clinicians  have  advanced  an  adverse  conclusion. 

Various  organic  extracts,  including  testicular  juice,  lymph- 
gland  juice,  an  extract  of  ram's  testicles,  and  thymus  extract 
have  been  tried.  None  of  these  substances,  however,  are  en- 
dowed with  the  specific  properties  of  thyroid  extract.  Even 
adrenalin  is  useless  given  internally,  since  it  is  oxidized  before 
it  reaches  the  tumor  at  all.  Iodine  and  the  iodides  have  been 
extolled  by  various  observers.  The  fact  that  thyroidase  is  an 
organic  compound  of  iodine  points  to  the  iodides,  especially 
sodium  iodide,  as  a  substitute  for  thyroid  extract  when  the  lat- 
ter is  not  well  borne.* 

Mikhailoff  considers  potassium  iodide  a  specific  in  cancer.  In  a 
preliminary  communication'"  he  announced  that  he  had  obtained  favor- 
able results  with  this  treatment.  He  recently  reported  a  case  of  cancer 
of  the  oesophagus  treated  by  potassium  iodide  with  marked  success. 
Many  other  remedies  have  been  tried  but  their  enumeration  would  be 
out  of  place  in  this  work. 

Although  the  various  "cancer  sera"  or  "antitoxins"  are 
composed  of  the  constituents  of  auto-antitoxin,  the  quantity 
introduced  is  inadequate  to  produce  more  than  fleeting  effects. 
A  continuous  exogenous  supply  would  be  necessary  to  replace 
the  auto-antitoxin  formed  under  the  influence  of  adrenal  stimu- 
lants.* 

More  efficacious  are  the  various  toxins,  especially  Coley's 
mixed  toxins  of  erysipelas  and  bacillus  prodigiosus.  They  also 
produce  disintegrati(5n  of  the  growth  by  stimulating  the  adrenal 

*  Author's  conclusion. 

"^Shaw-Mackenzie:    Brit.  Med.  Jour.,  Jan.  27,  1906. 
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center,  and  through  it,  therefore,  the  formation  of  auto-anti- 
toxin.* Toxins  are  only  efficacious  in  sarcoma,  however,  because 
this  variety  of  cancer  occurs  usually  in  subjects  who  are  young, 
and  whose  adrenal  system  is  more  vigorous;  and  because  the 
greater  vascular  supply  of  the  growths  themselves  renders  them 
more  vulnerable  to  the  disintegrating  action  of  the  auto-anti- 
toxin.* For  carcinoma,  however,  the  action  of  toxins  on  the 
adrenal  center  is  inadequate  and  less  efficacious  than  that  of 
thyroid  extract.*  Their  value  is  sufficient,  however,  to  warrant 
their  use  in  sarcoma,  especially  with  x-rays,  which  distinctly 
enhance  their  effects. 

The  treatment  by  auto-antitoxin  was  introduced  by  Richet  and 
Hericourt,  of  Paris,  in  1895,  who  obtained  encouraging  results  in  can- 
cer patients,  by  injecting  blood  from  animals  previously  injected  with  an 
extract  of  cancer  tissue.  Jensen,  in  1901,  cured  cancerous  mice  by  in- 
jections of  blood  from  rabbits  previously  injected,  a  result  also  obtained 
by  Clowes  and  Baeslack"'  and  others.  Leyden  and  BlumenthaP"  re- 
ported positive  results  both  in  docs  and  man  by  means  of  serum  derived 
from  goats  treated  months  with  injections  of  carcinoma.  Gaylord, 
Clowes  and  Baeslack^*"  then  showed  that  the  serum  of  mice  treated 
with  immunizing  serum  was  capable  of  causing  the  disappearance  of 
small  tumors  and  checking  the  growth  of  the  larger  ones.  A  number 
of  sera  have  been  introduced  by  as  many  investigators,  all  giving  results 
similar  to  those  recited  above.  Tuffier""^  found  that  any  one  of  them 
injected  in  turn  into  a  cancer  patient  causes  retrogression  of  the  lesions 
to  a  certain  extent  and  improvement  of  the  clinical  picture,  but  these 
beneficial  effects  become  gradually  less.  At  times,  no  beneficial  effect 
is  obtained,  as  in  cases  reported  by  D'Arcy  Power.^"  Analysis  of  these 
cases  in  the  light  of  my  views,  however,  shows  that  the  curative  process 
hai  started,  and  identifies  the  nature  of  the  process;  thus  he  com- 
plains that  it  caused  an  inflammation  in  the  groxcths.  The  disease  pro- 
gressed to  a  fatal  issue  while  the  injections  were  being  given. 

The  treatment  by  toxins,  which,  like  thyroid,  causes  adrenal  stimu- 
lation, may  be  illustrated  by  the  treatment  of  inoperable  sarcoma  by 
mixed  toxins  of  erysipelas  and  bacillus  prodigiosus  as  practiced  by 
W.  B.  Coley,  of  New  York,  since  1892,  the  use  of  the  first-named  toxin 
having  been  suggested  by  the  inadvertent  cure  of  a  severe  case  of  very 
malignant  sarcoma,  which  had  recurred  four  times,  by  two  attacks  of 
erysipelas.  In  a  recent  paper  to  which  the  reader  is  referred,'"  Coley 
gives  statistics  of  a  large  number  of  cases  treated  by  himself  and  by 
other  surgeons,  showing  a  large  proportion  of  recoveries  (the  patients 
being  from  3  to  1.3  years  old).  That  the  curative  process  is  due  to 
great  increase  of  auto-antitoxin  in  the  blood,  is  shown  by  the  fact  that 
results  are  linked  with  the  temperature  ratio.  "The  dose  should  be 
gradually  increased,"  writes  Coley.  "until  a  chill  occurs  (one-half  to 
two  hours  after  injection),  followed  by  a  temperature  of  101°  to  103° 


*  Author's  conclusion. 
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or  104°  F."  (some  eases  mentioned  reaching  105°),  "the  destructive 
process  in  the  growth  being  manifested  in  most  cases  by  "breaking 
down"— precisely  the  effect  produced  by  thyroid  extract  and  trypsin. 
Schmittle"-^*  observed  that  the  temperature  kept  high  after  the  injection 
of  toxins  unless  brought  down  by  an  antipyretic.  The  use  of  toxins 
is  not  devoid  of  risk,  however.  Marmaduke  Shield''*^  observed  a  case 
which,  though  there  was  "undoubted  and  apparent  disappearance  of  the 
growth,"  a  fact  which  he  ascribes  "purely  to  inflammatory  action,"  ended 
in  death,  the  autopsy  showing  the  signs  of  "general  pyaemia,"  But  few 
cases  of  this  kind  have  been  reported. 

In  sarcoma  the  x-ray  method  is  of  but  little  value.  Coley  gave  it  a 
careful  trial  in  68  cases,  and  obtained  very  unsatisfactory  results,  and 
prompt  recurrence.  When,  however,  the  toxins  were  injected  in  addi- 
tion to  the  x-ray  treatment,  the  effect  was  very  marked,  recovery  oc- 
curring in  two  out  of  six  instances.  This  indicates  that  it  is  through  the 
blood  that  the  curative  influence  is  exerted — as  it  is  when  thyroid  extract 
is  administered. 

The  local  application  on  the  ulcerated  surface  of  a  1  per 
1000  solution  of  adrenalin  relieves  pain  and  controls  haemor- 
rhage. The  latter  effect  is  also  encouraged  by  thyroid  extract, 
since  by  stimulating  the  adrenal  center,  it  increases  the  propor- 
tion of  fibrin  ferment  (adrenoxidase)  in  the  blood,  and  facili- 
tates coagulation.*  To  asepticize  the  ulceration  and  control  the 
fcetor,  formalin  in  a  2-per-cent.  solution  is  quite  effective  when 
the  dressing  is  changed  every  six  hours. 

Fiessinger*'**  found  that  30  to  100  drops  of  a  1  to  1000  solution 
of  adrenalin  injected  with  a  tablespoonful  of  water,  gave  a  marked  re- 
lief in  rectal  cancer.  Mahu'"  used  it  in  the  manner  indicated  above  in 
seven  cases,  including  mammary  and  rectal  cancers.  The  growths  par- 
tially retrogressed  and  remained  stationary  without  causing  discomfort. 
Berdier  and  de  Falabert^'*'  obtained  similar  effects  by  injecting  the  solu- 
tion into  the  growth  or  in  the  adjacent  tissues.  PowelP'"'  found  formalin 
capable  not  only  of  causing  the  effects  mentioned  in  the  text,  but  also 
that  it  tended  to  promote  dectruction  of  the  malignant  mass.  Beneficial 
effects  have  also  been  reported  by  other  observers. 

Prophylaxis. — In  the  light  of  the  foregoing  facts,  the  pre- 
vention of  cancer,  or  its  arrest,  where  there  is  reason  to  believe 
that  a  cancerous  growth  exists,  reduces  itself  to  measures  cal- 
culated to  increase  the  efficiency  of  the  adrenal  system.*  The 
"cancer  facies,"  i.e.,  a  peculiar  pallor  sometimes  observed  in 
subjects  who  subsequently  develop  cancer  (as  well  as  in  many 
who  do  not),  assumes  importance  if  there  is  a  clearly  defined 

*  Author's  conclusion. 

1"  Schmittle:    New  Orleans  Med.  and  Surg.  Jour.,  Dec,  1895. 
166  Marmaduke  Shield:    Brit.  Med.  Jour.,  Jan.  23,  1897. 

Fiessicger:    Jour,  des  praticiens,  Apr.  25,  1903. 
i67Mahu:    Presse  medical,  vol.  x,  p.  281,  1903. 

168  Berdier  and  de  Falabert:  Semana  Medioa;  Jour.  Amer.  Med.  Assoc.,  Mar. 
25,  1905. 

1™  Powell:    Brit.  Med.  Jour.,  May  30,  1903. 
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hereditary  predisposition — a  fact  which  means  that  congenital 
hypoactivity  of  the  adrenal  system  may  favor  the  liability*  and 
if  the  patient  is  past  middle  life.  The  presence  of  a  mole, 
nsvi,  papillomata,  scars,  warts,  lingual  sores  or  fissures  from 
the  presence  of  a  pipe  stem  or  sharp  teeth,  chronic  uterine  dis- 
orders, fibromata,  chronic  ulcers,  patches  of  eczema,  etc.,  may, 
as  we  have  seen,  render  a  given  area  liable  to  the  development 
of  cancer.  Such  lesions,  even  in  a  person  who  shows  no  here- 
ditary predisposition,  when  combined  with  pallor,  sallowness,  or 
any  condition  of  the  skin  which  points  to  deficiency  of  blood 
in  its  capillaries,  are  prone  to  malignancy  if  irritated.* 

In  most  cases,  the  cause  of  the  pallor,  etc.,  is  due  to  low 
vascular  tonus,  the  great  vessels  of  the  splanchnic  area  being 
engorged,  while  the  peripheral  vessels  are  ischaemic,  due,  in 
turn,  to  hypoactixaty  of  the  adrenal  system.*  Here,  strychnine 
is  of  exceeding  value,  because  it  activates  both  the  vasomotor 
and  adrenal  centers,  in  doses  of  grain  (0.0016  gm.)  in- 
creased to  ^/jo  grain  (0.0021  gm.)  taken  after  meals.  The 
hydrochlorate  of  quinine,  2  grains  (0.13  gm.),  when  taken  dur- 
ing a  meal,  does  not  cause  gastric  disorders  and  is  likewise 
effective.  If  adynamia  be  present,  thyroid  extract  in  small 
doses,  2  grains  (0.13  gm.),  may  either  be  given  alone  or  with 
quinine  or  Mariani  coca  wine*  A  course  of  the  iodides,  be- 
ginning with  5  grains  (0.3  gm.)  three  times  daily  in  a  large 
glassful  of  water,  increasing  the  dose  gradually  to  10  grains 
(0.6  gm.),  is  very  effective,  especially  if  given  with  the  strych- 
nine.* 

All  these  remedies,  and  others  studied  in  the  department 
on  Pharmacodynamics,  raise  the  blood-pressure  more  or  less, 
and  a  greater  volume  of  blood  enriched  with  auto-antitoxin 
and  phagocytes  being  caused  to  circulate  in  the  cutaneous  and 
other  capillaries,  the  normal  defensive  resources  are  raised  to 
their  normal  level.*  This  means  that  adventitious  cellular 
elements  in  exposed  areas  are  promptly  catabolized  by  the 
auto-antitoxin,  that  the  detritus  is  promptly  removed  by  phago- 
cytes, and  that  the  local  process  of  repair  is  carried  on  normally.* 

In  the  case  of  internal  cancers,  apart  from  regions  that  are 
directly  examinable,  the  larynx,  the  uterine  os,  etc.,  the  dan- 
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ger  signals  are  scant  and  opportunities  for  prophylactic  meas- 
ures are  few.  That  gall-stones  predispose  to  primary  carcinoma 
of  the  gall-bladder  is  well  known ;  hasmorrhages  from  the  stom- 
ach, rectum  or  vagina,  in  prematurely  aged  persons,  are  also 
familiar  precursors  of  local  cancers,  especially  if  associated 
with  emaciation.  They  may  be  looked  upon,  therefore,  with 
sufficient  mistrust  to  warrant  prophylactic  measures.  In  these 
cases,  either  of  the  agents  previously  recommended  may  be  used. 
Thyroid  extract,  2  grains  (0.13  gm.),  and  Squibb's  extract  of 
ergot,  1  grain  (0.065  gm.),  each  in  a  capsule,  taken  Jointly 
during  meals,  are  also  very  effective.  The  thyroid  extract  causes 
a  prompt  increase  of  fibrin  ferment  (adrenoxidase)  and  pre- 
vents the  hasmorrhage,  while  the  ergot,  by  inducing  a  rise  of 
blood-pressure,  causes  the  exposed  area  to  receive  an  excess  of 
blood  rich  in  auto-antitoxin.* 

The  deeper  and  greater  organs,  when  predisposed  to  can- 
cer, afford  no  reliable  preliminary  clue.  Emaciation  occurs 
when  a  growth  is  too  small  to  give  evidence  of  its  presence,  but 
we  are  no  longer  dealing  with  prophylaxis  here,  and  the  meas- 
ures to  be  carried  out  are  those  indicated  for  a  developed  can- 
cer, those  indicated  under  Treatment. 

Out-of-door  exercise  is  of  paramount  value  in  the  preven- 
tive treatment  of  cancer,  to  increase  the  vigor  of  the  circula- 
tion in  the  peripheral  vessels  and  enhance  general  metabolic 
activity.  Laziness,  physical  and  mental,  predisposes  to  cancer, 
by  promoting  circulatory  torpor  and  recession  of  the  blood  from 
the  periphery.*  The  use  of  alcoholic  drinks,  whiskey,  brandy, 
etc.,  is  also  pernicious,  since  the  alcohol  becomes  oxidized  at 
the  expense  of  the  blood,  thus  impairing  its  antitoxic  activity.* 
Coffee  and  tea,  on  the  other  hand,  are  beneficial,  being  vasomotor 
stimulants.*  The  free  use  of  pure  water  is  in  itself  a  protective 
measure,  since  it  preserves  the  blood's  nonnal  fluidity.* 

Such  eases  require  watching.  In  one  of  mine,  now  under  observa- 
tion since  October,  1901,  a  frail  woman  in  whom  the  symptoms  of  mam- 
mary cancer  were  sufficiently  developed  to  warrant  operation  (advised 
by  two  surgeons),  the  tumor  was  caused  to  recede  by  thyroid  extract. 
If  she  allows  her  health  to  run  down,  however,  ominous  signs  appear, 
and  she  must  resume  treatment.  Arsenic  is  harmful  in  her  case,  a  fact 
accounted  for  by  the  depressing  influence  of  this  agent  on  the  adrenal 
system.  Indeed  it  counteracts  directly  the  effects  of  thyroid  extract. 
An  exception  to  the  use  of  thyroid — or,  in  fact,  of  any  drug — has  asserted 
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itself  in  one  of  my  cases,  i.e.,  one  of  hepatic  cancer.  While  benefited 
by  the  copious  use  of  mineral  water  ( Ballardvale,  one  quart  daily) 
through  the  fact  doubtless  that  the  fluidity  of  the  blood  and  of  the  bile 
facilitated  the  elimination  of  detritus,  any  drug,  even  in  small  doses, 
would  at  once  aggravate  his  condition.  My  diagnosis  of  hepatic  cancer 
proved  true  post-mortem. 

On  the  whole,  the  prophylaxis  of  cancer — which  includes 
the  prevention  of  recurrence  after  removal  of  the  growth — 
entails  as  fundamental  principle  the  preservation  of  the  organ- 
ism's normal  defensive  activity  through  the  adrenal  mechanism.* 

This  intimate  relationship  with  Immunity,  and  which,  as  previously 
stated,  I  was  first  to  point  out  and  explain,  in  1903,  has  since  been 
sustained  by  considerable  experimental  evidence.  Gaylord,  Clowes  and 
Baeslack'**  found  an  immune  body  in  the  blood  of  mice  which  had 
recovered  spontaneously  from  experimental  adeno-carcinoma,  while 
Clowes^''  afforded  evidence  to  the  effect  that  "mice  which  have  recovered 
from  cancer  possess  an  active  immunity  against  further  inoculation." 
Ehrlich""  found  ( 1 )  that  a  rat  or  mouse  in  which  inoculation  had  caused 
cancer,  a  second  inoculation  failed  to  do  so;  and  (2)  that  when  tumor 
material  too  weak  to  cause  a  growth  was  injected  into  animals,  the 
majority  of  them  became  subsequently,  i.e.,  in  from  one  to  two  weeks, 
immune  to  inoculation.  To  explain  his  first  observation,  Ehrlich  states 
that  the  specific  nutrient  materials  were  used  by  the  first  growth — a 
pure  supposition.  From  my  viewpoint,  the  reaction  of  the  adrenal  system 
to  destroy  the  tumor  and  its  detritus,  loaded  the  blood  with  anti- 
bodies, i.e.,  auto-antitoxin,  and  the  material  of  the  second  inoculation 
was  promptly  destroyed.  Ehrlich  explains  his  second  and  most  valu- 
able observation  by  his  side-chain  theory.  I  have  shown,  however,  that 
the  latter  is  not  tenable  as  far  as  the  tissue-cells  being  the  original 
source  of  the  antibodies  is  concerned,  and  that  he  has  failed  to  establish 
the  identity  of  these  antibodies  because  he  has  neglected  the  ductless 
glands.  Such  obscurity  does  not  prevail  with  the  adrenal  system  as 
the  basis  of  reasoning:  Ehrlich  produced  immunity  against  cancer  be- 
cause the  injected  material  increased  powerfully  the  functional  activity 
of  the  adrenal  system,  and  thus  caused  an  accumulation  of  auto-anti- 
toxin of  sufficient  magnitude,  in  from  one  to  two  weeks,  to  protect  the 
animal  against  the  further  inoculations — precisely  as  he  had  in  his 
first  experiment. 

In  the  first  volume  I  formulated  the  principle'-"'  that  "the  power 
of  the  organism  to  antagonize  the  constitutional  effects  of  pathogenic 
germs,  their  toxins,  and  other  poisons,  is  directly  proportionate,  all  else 
being  equal,  to  the  functional  efficiency  of  the  adrenal  system."  In  the 
prophylaxis  of  cancer  this  principle  is  eminently  the  Tilling  one. 


*  Author's  conclusion. 

i«>  Gaylord,  Clowes  and  Baeslack:   Lac.  cit. 
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CHAPTEE  XXIV. 


THE  INTERNAL  SECRETIONS  IN  THEIR  RELATIONS 
TO  PATHOGENESIS  AND  THERA- 
PEUTICS (Continued). 

CONVULSIVE  DISEASES  DUE  TO  HYPOACTIVITY  OF  THE 
ADRENAL  SYSTEM. 

A  suggestive  fact  bearing  directly  upon  the  disorders 
studied  in  this  chapter,  viz.,  tetany,  tetanus,  epilepsy,  puerperal 
eclampsia,  and  rabies,  is  that  many  investigators  have  been  led 
to  conclude  by  experiments  in  which  each  organ  was  studied 
individually,  that  the  adrenals,  the  pituitary  body  and  the  thy- 
roid apparatus  not  only  influence  metabolism,  but  that  they  are 
also  concerned  with  the  destruction  of  toxic  waste-products. 
Thus,  in  1891,  Abelous  and  Langlois^  urged  that  the  function 
of  the  adrenals  was  to  "neutralize  or  destroy  toxic  substances 
produced  or  elaborated  during  chemical  interchanges,  and  par- 
ticularly those  resulting  from  muscular  work."  In  1894  Lloyd 
Andriezen^  concluded  that  "the  pituitary  gland  exercises  a 
trophic  action  on  the  nerve  tissues,  which,  in  more  definite 
terms,  means  enabling  them"  ....  "to  destroy  and  render 
innocuous  the  waste-products  of  metabolism."  As  to  the  thy- 
roid, it  may  be  said  to  have  been  connected  with  both  these 
processes  almost  since  any  function  was  ascribed  to  this  gland. 
"According  to  one  hypothesis,"  says  Howell,^  "the  function 
of  the  secretion  is  antitoxic.  In  some  way  it  antagonizes  toxic 
substances  supposed  to  be  formed  in  the  body  in  the  course 
of  normal  metabolism."  We  have  seen  in  a  preceding  chapter, 
that  the  labors  of  Vassale  and  Generali,  Gley,  Moussous,  Jean- 
delize  and  others  have  conclusively  shown  that  this  applied  to 
the  parathyroids  as  well. 

In  the  first  volume  (1903)  and  in  several  papers  written 
since,  I  pointed  out  that  the  spasmodic  and  convulsive  phe- 
nomena witnessed  after  removal  of  either  the  thyroid,  adrenals 

*  Abelous  and  Langlois:  Arch,  de  physiol.  norm,  et  path.,  5  serie,  vol.  iv, 
pp.  269,  465,  1892. 

^Andriezen:    Brit.  Med.  Jour.,  Jan.  13,  1894. 

'Howell:   Trans.  Congr.  Amer.  Phys.  and  Surgs.,  vol.  iv,  p.  70,  1897. 
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or  pituitary  should  not  be  ascribed  to  the  fact  tliat  absence  of 
either  of  these  organs  prevented  a  direct  action  by  their  secre- 
tion or  their  celluhir  elements  upon  spasmogenic  poisons,  but 
that  the  seizures  were  caused  by  toxic  waste-products,  as  all 
three  of  these  organs  formed  part  of  the  adrenal  system  which 
carried  on  the  oxidation  process  through  which  these  wastes 
would  otherwise  have  been  adequately  catabolized. 

Although  over  four  years  have  elapsed  since  I  urged  this 
view,  submitting  considerable  clinical  and  experimental  evidence 
in  its  support,  mere  assumptions  as  to  the  pathogenesis  of  the 
group  of  disorders  studied  in  this  chapter  still  hold  sway,  while 
the  appalling  mortality  of  the  acute  diseases  among  the  group 
continues  unchecked.  Of  tetany,  the  simplest  of  the  series, 
Osier  says,  in  the  last  edition  of  his  Practice  (1905)  :  "The 
nature  of  the  disease  is  unknown."  Ample  testimony  is  avail- 
able to  show  that  a  corresponding  ignorance  of  the  nature  of 
the  other  diseases  of  the  group  prevails.  Indeed,  Joseph  Col- 
lins,* a  prominent  neurologist,  wrote  recently:  "We  know 
very  little  more  concerning  the  etiology,  pathogenesis,  and  the 
clinical  display  of  nervous  diseases,  organic  and  functional, 
than  we  did  twenty  years  ago."  This  state  of  things  will  con- 
tinue as  long  as  neurologists  will  persist  in  ignoring  the  car- 
dinal role  of  the  internal  secretions  in  nervous  diseases. 

The  strength  of  the  evidence  submitted  in  this  chapter 
to  the  effect  that  hypocatabolism  is  the  underlying  cause  of 
the  five  diseases  studied  below  is  self-evident.  Whether,  as  in 
tetany  or  the  far  more  severe  puerperal  eclampsia,  it  be  due  to 
the  formation  of  products  of  metabolism  in  excess  of  the  quan- 
tity which  the  adrenal  system  can  convert  into  benign  and 
eliminable  products;  or  to  paresis  of  the  adrenal  system  itself 
by  tetanotoxin  or  the  virus  of  rabies;  or  to  functional  torpor, 
inherited  or  acquired,  of  the  same  system  as  in  epilepsy,  the 
pathogenic  agents  (various  intermediate  products  composing  the 
poison)  are  the  same,  though  the  effects  are  materially  influ- 
enced by  the  degree  of  toxicity  of  the  blood,  the  efficiency  of 
the  test-organ,  etc. 

In  the  first  volume  and  elsewhere  I  also  submitted  that  the 
adrenoxin-laden  plasma  circulated  in  the  axis-cylinders.  Con- 


*  Joseph  Collins:   Monthly  Cyclo.  of  Pract.  Med.,  Feb.,  1905. 
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siderable  evidence  has  since  sustained  this  view,  as  we  have 
seen.  This  explains,  which  no  one  had  done  before,  the  pres- 
ence of  tetanotoxin  in  the  axis-cylinders  and  its  steady  progress 
— as  well  as  of  methylene-blue  and  antitoxin — in  these  ner- 
vous structures. 

Again,  having  urged  that  imperfect  catabolism  and  inade- 
quate functional  efficiency  of  the  adrenal  system  were  the  under- 
lying cause  of  spasm  and  clonic  convulsions,  and  in  the  presence 
of  the  striking  beneficial  effects  of  thyroid  extract  in  experi- 
mental tetany,  I  laid  stress  on  the  pernicious  influence  of  the 
bromides,  chloral  and  other  depressants,  calling  attention  to 
the  fact  that,  far  from  tending  to  cure,  these  drugs  tended  to 
kill.  "They  reduce,  it  is  true,"  I  wrote  at  the  time,^  "the  ex- 
citability of  the  sensory  elements,  but  they  aid  the  accumula- 
tion of  the  spasmogenic  toxics  by  inhibiting  the  oxidation  pro- 
cess through  which  these  are  destroyed."  Again,  after  calling 
attention  to  the  hypothermia,  the  bromides  and  chloral  pro- 
voked :  "If  the  protective,  curative  element  in  these  dread  dis- 
eases is  hyperoxidation,  what  may  we  expect  of  induced  hypoxi- 
dation?  The  mortality  ratio  of  rabies,  tetanus  and  puerperal 
eclampsia  treated  on  these  lines  answers  that  question." 

Conversely,  we  will  see  in  the  following  pages  that  in  the 
acute  diseases  full  doses  of  thyroid  extract,  of  iodine,  of  the 
iodides,  of  biniodide  of  mercury,  etc.,  of  powerful  adrenal 
stimulants,  in  a  word,  are  curative.  The  paresis  of  the  test- 
organ  caused  by  the  tetanotoxin  and  the  rabic  virus,  and  the 
inability  of  the  organ  to  rise  to  the  occasion  in  eclampsia  impose 
the  need  of  these  large  doses,  the  aim  being  to  prevent  the 
paroxysms  by  insuring  a  continuous  destruction  of  the  toxic 
wastes  which  incite  them.  In  epilepsy,  the  object  is  the  same; 
but  small  doses  are  alone  needed  here;  the  accumulation  of 
toxic  wastes  being  relatively  slow,  the  aim  is  to  supply  the  small 
surplus  of  oxygenation  required,  and  to  reduce  by  dietetic  meas- 
ures the  products  of  metabolism  formed. 

On  the  whole,  the  picture  submitted  below  of  the  patho- 
genesis of  the  dread  diseases  studied  in  the  present  chapter  and 
the  modus  operandi  of  the  various  agents  recommended,  differ 
from  any  so  far  contributed  except  by  myself.    But  I  must 
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again  urge  that  with  the  adrenal  system  as  the  fundamental 
mechanism  of  all  processes  involved,  the  relations  between 
cause  and  effect  appear  in  their  true  light,  viz.,  that  it  is  only 
by  aiding  the  body's  defensive  resources  that  we  can  hope  to 
master  disease. 

TETANY. 

Synonyms. — Intermittent  Tetanus;  Little  Tetamis;  Teta- 
nilla. 

Definition. — Tetany,  a  disorder  characterized  by  painful 
tonic  spasms,  is  caused  by  waste-products  which,  by  provoking 
a  marked  rise  of  blood-pressure,  cause  capillary  hypergemia  and 
hyperexcitability  of  all  organs,  including  the  spinal  and  peri- 
pheral nervous  systems.  A  spasm  occurs  when  this  general  ex- 
citability is  suddenly  increased  by  the  appearance  in  the  blood 
of  an  excess  of  auto-antitoxin,  the  result,  in  turn,  of  a  defen- 
sive reaction  of  the  adrenal  system,  and  lasts  until  the  spasmo- 
genic poisons  have  been  more  or  less  converted  into  harmless 
and  eliminable  end-products.* 

Symptoms  and  Pathology. — In  some  cases  the  spasms  proper 
are  preceded  by  prodromata,  i.e.,  tingling  or  numbness  of  the 
extremities,  headache,  nausea  and  vomiting,  mental  depression, 
vertigo,  irritability,  a  vacant  stare,  and  transitory  blindness. 

The  spasms  occur  in  the  four  extremities  in  the  majority 
of  cases  and  in  the  upper  extremities  in  practically  all  other. 
The  thumb  is  flexed  in  the  palm,  the  fingers  are  bent  at  the 
metacarpo-phalangeal  joint,  but  stiff  beyond  this  limit,  the 
wrist  is  flexed  upon  the  forearm  and  the  arm  folded  over  the 
chest.  In  rare  instances,  the  fingers  close  over  the  thumb. 
The  spasms  soon  extend  to  the  lower  extremities;  as  a  rule, 
these  are  stiff  at  the  hips  and  knees,  the  feet  being  extended 
and  the  toes  flexed.  The  facial  muscles  are  often  involved, 
causing  locking  of  the  jaws,  as  in  tetanus,  and  the  risus  sar- 
donicus.  When  the  muscles  of  the  neck,  chest  and  back  are  the 
seat  of  spasm,  the  head  may  be  thrown  forward  or  backward, 
and  opisthotonos  may  occur.  The  diaphragm  and  the  laryngeal 
muscles  are  not  infrequently  included  in  the  morbid  process, 
causing  marked  dyspnoea.    Stridulous  respiration  and  cyanosis 


*  Author's  definition. 
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may  be  provoked  by  the  laryngospasm,  a  dangerous  feature  of 
this  disorder.  Pain  in  the  contracted  muscles  and  cutaneous 
hyperassthesia  are  generally  present.  Among  the  phenomena 
less  frequently  observed  are:  oedema  of  the  extremities,  sweat- 
ing, erythema,  purpura  and  other  eruptions,  and  anuria.  The 
pulse  is  frequently  accelerated,  though  the  temperature  is  usu- 
ally normal,  and  seldom  exceeding  in  the  exceptions  101°  F. 
(38.3°  C). 

The  spasms  proper  may  last  but  a  couple  of  minutes,  but 
often  they  succeed  one  another  without  complete  relaxation  dur- 
ing the  intervals,  so  that  the  paroxysm  is  in  reality  a  series  of 
exacerbations  of  spasm  lasting  from  ten  to  fifteen  minutes. 
They  may  recur  repeatedly  in  twenty-four  hours  during  sev- 
eral days,  weeks,  and  even  months. 

Several  of  the  phenomena  mentioned  do  not  appear  in  the  average 
text-book.  The  vacant  stare  was  observed  by  F.  M.  Crandall.'  C.  P. 
Howard,'  in  a  study  of  a  large  number  of  eases,  states  that  "transitory 
blindness  has  been  recorded  by  Kussmaul,  Bouveret,  Trevilian  and 
Cunningham."  Of  trismus,  Howard  writes:  "That  this  does  occur  in 
tetany  as  well  as  in  tetanus  must  not  be  forgotten,  as  it  is  present  in 
10  of  my  series,"  i.e.,  68  cases,  including  9  of  his  own.  Again,  he  states 
that  "spasm  of  the  muscles  of  the  neck,  or  of  the  back,  or  of  both  was 
present  in  24  cases,  and  in  several  gave  rise  to  well-marked  opisthotonos." 
Finally,  referring  to  the  spasm:  "While  usually  tonic  in  character,  it 
may  be  clonic  at  the  onset,  and  in  some  cases  from  this  fact  may  be  mis- 
taken for  epilepsy;  though  it  should  be  borne  in  mind  that  in  true 
epilepsy  the  tonic  stage  always  precedes  the  clonic.  A  general  con- 
vulsion occurred  in  13  of  my  serie",  of  which  9  were  children."  Tetany 
obviously  embodies  many  of  the  characteristic  symptoms  of  tetanus  and 
epilepsy. 

Etiology  and  Pathogenesis. — Tetany  is  primarily  due  to 
an  accumulation  in  the  blood  of  toxic  waste-products  which  irri- 
tate the  vasomotor  and  sympathetic  centers.  The  general  and 
marked  vasoconstriction  which  occurs,  causes  the  blood  of  the 
large  deeper  vessels  to  be  driven  towards,  and  accumulate  in,  the 
capillaries  of  the  entire  body.*  As  the  brain  and  spinal  cord 
are  themselves  rendered  hypersemic  by  this  process,  their  irrita- 
bility becomes  so  great  that  the  slightest  excitation  from  the 
periphery  evokes  a  violent  reaction.*  The  cutaneous  sensory 
nerve-endings  being  likewise  rendered  hypergemic,*  they  also  be- 
come hypersensitive  to  external  impressions,  and  a  condition  is 
produced  in  which  reflex  spasm  may  be  brought  on  by  external 


"  Author's  conrlusion. 

'  F.  M.  Crandall:  Archives  of  Pediatrics,  Dec,  1895. 
'C.  P.  Howard:    Amer.  Jour.  Med.  Sci.,  Feb.,  190b. 
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excitants  which,  under  normal  conditions,  would  have  produced 
no  reaction.*  Hence*  the  muscular  contraction  produced  by 
tapping  over  a  muscle  (Chvostek's  symptom),  or  by  pressure 
upon  a  large  nerve  or  artery  (Trousseau's  sjrmptom),  the 
marked  electrical  excitability  (Erb's  symptom)  and  other 
familiar  signs. 

That  some  toxic  is  the  spasmogenic  agent  is  now  believed  by 
practically  all  observers.  Bouchard,  Gerhardt,  Bouveret  and  Deric,* 
Carpentei'*'  and  others  have  ascribed  it  to  intoxication  of  gastric  origin; 
Ewald  and  Albu^"  to  a  toxic  alkaloid  of  intestinal  origin  found  in  urine; 
Oddo  and  Sarles^"-  and  Oddo'^  to  a  toxin  circulating  in  the  blood. 

As  to  the  presence  of  hypereemia,  Tonnelier,  Blondeau,  Grisolle  and 
Trousseau  recorded  cases  in  which  they  had  found  hypersemia  of  the 
brain  and  meninges,  and  Weiss,  Bonorae,  Cervesato  and  Szabo,  and 
others  in  which  poliomyelitis  was  present.  R.  Peters"  in  an  exhaustive 
analysis  of  77  cases,  including  7  of  his  own  studied  microscopically, 
found  the  main  lesions  to  be  a  small-celled  infiltration  with  haemor- 
rhages, the  latter  occuring  preferably  between  the  ganglia  and  anterior 
roots,  inflammation  of  the  ganglia,  and  pachymeningitis.  Peters  ascribes 
the  disease  to  leucomaines  or  ptomaines  liberated  by  auto-intoxication, 
and  which  exert  their  morbid  influence  upon  the  nerve-roots.  Degenera- 
tive lesions  in  the  gray  substance  and  most  pronounced  in  the  anterior 
horns  have  been  observed  by  Weiss,  Bonome  and  others. 

The  frequency  with  which  mechanical  irritability  of  the  surface 
occurs  is  shown  by  the  fact  that  it  was  present  in  all  of  49  eases  of 
infantile  tetany  studied  by  Ganghofner;"  the  Trousseau  phenomenon 
was  present  in  28  of  these  instances.  Romme"  even  ascribes  the  laryn- 
gospasm  and  facial  phenomena  to  "reflex  hyperexcitability  of  the  cord 
and  peripheral  nerves." 

The  manner  in  which  the  sympathetic  center  is  influenced  is  con- 
sidered at  length  under  "Tetanus,"  a  kindred  disease. 

Tetany  occurs  in  the  course  of  many  diseases.  Prominent 
among  these  are:  (1)  various  gastric  and  intestinal  disorders; 
(3)  infectious  diseases,  such  as  typhoid  fever,  variola,  malaria, 
cholera,  scarlet  fever,  measles,  erysipelas,  pertussis,  pleurisy, 
bronchitis  and  influenza;  (3)  pregnancy  and  lactation;  (4)  wcse- 
mia  and  insolation;  (5)  violent  excitement  and  exertion.  In  all 
these  conditions,  tetany  is  an  accessory  phenomenon,  due,  not  to 
the  autotoxins  or  bacterial  toxins  they  add  to  the  blood,  but  to  a 
single  class  of  spasmogenic  agent  in  all  cases,  i.e.,  toxic  products 
of  imperfect  catabolism.* 

These  toxic  wastes  accumulate  in  the  blood,  because  the 


•  Author's  conclusion. 

^Bouveret  and  Deric:    Revue  de  mgd.,  vol.  xii,  pp.  48,  97,  1892. 

"  Carpenter:    Jour.  Amer.  Med.  Assoc.,  Aug.  4,  1894. 
"Ewald  and  Albu:    "Autointoxication  en  des  intestinal  tractus,"  1895. 
11  Oddo  and  Sarles:   Marseille-medical,  Oct.  1,  1894. 
i=Oddo:    Revue  de  med.,  vol.  xvi,  pp.  458,  573,  667,  749,  1896. 
"R.  Peters:    Deut.  Archiv  f.  klin.  Med.,  Bd.  Ixxvii,  S.  69,  1903. 
"  Ganghofner:    Zeit.  f.  Heilkunde,  Bd.  xxiii,  S.  244,  1902. 
i^Romme:   Gaz.  hebd.  de  med.  et  de  chir.,  Jan.  24,  1897. 
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adrenal  system — including  the  thyro-parathyroid  apparatus — 
though  able  to  supply  enough  auto-antitoxin  and  thyroidase 
(which  as  opsonin  sensitizes  the  poison)  to  convert  all  physio- 
logical wastes  into  benign  and  eliminable  end-products  under 
normal  conditions,  fails  to  increase  its  functional  activity  suffi- 
ciently when  these  wastes  are  produced  with  unusual  rapidity 
(3d,  4th  and  5th  group),  or  when  exogenous  poisons  such  as 
those  derived  from  the  alimentary  canal,  or  bacterial  toxins  (1st 
and  2d  group),  are  added  to  the  blood.*  In  the  former  case 
toxic  intermediate  wastes  simply  accumulate  in  the  blood- 
stream ;  in  the  latter  case,  the  exogenous  poison  or  toxin,  by 
utilizing  for  its  own  neutralization  a  given  proportion  of  what 
auto-antitoxin  is  available,  diverts  a  corresponding  quantity 
from  the  physiological  products  of  catabolism,  the  result  being 
the  same,  i.e.,  a  gradual  accumulation  of  toxic  wastes,  several 
of  which  are  known  to  be  spasmogenic* 

Tetany  may  also  be  caused  by  (1)  certain  drugs,  alcohol, 
for  instance,  (2)  rickets  and  (3)  removal  of  the  thyroid  and 
parathyroids,  and  myxoedema;  the  disorder  being  due  here  to 
artificially  produced  deficiency  of  auto-antitoxin  and  thyroidase 
in  the  blood.*  Thus,  alcohol  becomes  oxidized  at  the  expense 
of  the  blood's  adrenoxidase  and  so  reduces  the  quantitative  effi- 
ciency of  the  latter  that  the  auto-antitoxin  formed  is  poor 
in  this  substance;  as  a  result  waste-products  are  imperfectly 
broken  down,  and  toxic  wastes  accumulate* — provided  the  ad- 
renal system  fails  to  react.  Eickets,  a  disease  due  to  deficient 
nutrition  of  the  bones  owing  to  tardy  development  of  the  pituit- 
ary body,  i.e.,  of  the  adrenal  center,  is  self-explanatory  as  a 
cause,  since  the  resulting  deficiency  of  adrenoxidase  entails  im- 
perfect catabolism.*  Eemoval  of  the  thyroid  and  parathyroids 
accounts  as  readily  for  the  tetany  it  provokes,  since  it  is  this 
organ's  secretion,  thyroidase*  (opsonin*),  which  sensitizes  all 
substances  to  be  catabolized,  besides  sustaining  the  functional 
efficiency  of  the  adrenal  center  up  to  its  normal  standard.* 

Briefly,  notwithstanding  the  multitude  of  disorders  with 
which  tetany  is  associated  it  is  invariably  the  result  of  an 
accumulation  of  toxic  wastes  in  the  blood,*  except  when  caused 
by  exogenous  poisons. 


*  Author's  conclusion. 
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Osier,  in  the  last  edition  of  his  text-book/"  states  that  "the  nature 
of  this  disease  is  unknown."  This  is  readily  accounted  for  by  the  fact 
that,  as  shown  above,  the  adrenal  system  and  the  auto-protective 
functions  that  it  governs,  play  the  leading  part  in  its  pathogenesis. 
This  applies  as  well  to  tetanus,  epilepsy,  eclampsia  and  hydrophobia. 

We  have  seen  that  various  authors  ascribe  tetany  to  toxins  of 
gastro-intestinal  origin.  While  this  accounts  theoretically  for  some 
eases,  it  fails  to  do  so  in  the  seven  other  groups  enumerated,  although 
the  symptoms  of  the  disorder  are  similar,  though  differing  in  intensity, 
in  all  cases.  This  points  clearly  to  a  common  cause.  The  epidemic 
forms  observed  in  Europe,  by  von  Jaksch"  and  others,  were  in  reality 
some  obscure  disorder,  in  the  course  of  which  tetany  appeared  as  it  does 
in  many  diseases.  Tetany  itself  thus  loses  the  epidemic  character 
attributed  to  it  by  some.  That  several  intermediate  waste  products 
capable  of  causing  convulsions  have  been  isolated  will  be  shown  in  the 
articles  on  Tetanus  and  Epilepsy. 

Even  apart  from  my  own  views,  the  thyroid  gland,  including  the 
parathyroids,  is  now  regarded  as  serving  to  antagonize  spasmogenic 
poisons.  Thus  Howard,  referring  to  the  investigations  of  Gley,  Vassale, 
Generali,  Halsted  and  MacCallum — all  of  which,  beside  others,  have 
been  reviewed  in  this  work — states  that  "when  these  glands  are  removed, 
a  poison  which  was  formerly  neutralized  by  them  acts  upon  the  central 
nervous  system  and  produces  tetany."  MacCallum  is  also  stated  by 
Howard  to  have  ascribed  tetany  to  "the  production  of  so  much  of  this 
unknown  poison  that  the  normal  parathyroids  are  insufficient  to  neu- 
tralize it."  Conversely,  Fleiner  "regards  the  action  of  poisonous  pro- 
ducts of  metabolism  as  of  less  importance  than  other  factors,"  but 
Howard  points  out  that  "the  great  objection  to  Fleiner's  theory  is  that 
it  suffices  only  as  an  explanation  for  the  gastric  form  of  tetany."  Even 
here  it  fails,  for,  as  Howard  correctly  states,  "Albu,  Gumprecht,  von 
Jaksch,  Dickson  and  others  have  repeatedly  failed  to  reproduce  tetany 
by  injecting  into  animals  untreated  gastric  contents  from  cases  of  tet- 
any." It  is  evident,  therefore,  that  not  one  of  the  eight  groups  of  dis- 
orders mentioned  above  is  the  spasmogenic  agent,  and  that  poisonous 
products  of  metabolism  can  alone  be  credited  with  this  morbid  role. 

But  how  account  for  the  marked  clinical  kinship  between  some 
cases  of  tetany  and  epilepsy?  L.  Pierce  Clark,^  after  studying  150,000 
epileptic  seizures  at  the  Sonyea  Colony  for  Epileptics,  concludes  that 
"we  must  see  the  principle  of  pathogenesis  in  an  initial  toxin  or  auto.- 
intoxication,"  i.e.,  "an  accumulation  of  waste-products." 

"When  the  accumulation  of  toxic  wastes  attains  a  certain 
degree  which  varies  according  to  the  sensitiveness  of  the  test- 
organ,  this  organ  awakens  through  the  adrenal  system  a  pro- 
tective reaction.*  The  adrenals  being  stimulated,  the  propor- 
tion of  adrenoxidase — and  therefore  auto-antitoxin — in  the 
blood  is  increased  temporarily.*  The  effect  produced  is  ap- 
parently a  morbid  one,  i.e..  a  spasm  or  series  of  them,  since  the 
sudden  increase  of  oxygen  in  the  blood  further  excites  the 
already  hypersensitive  nervous  system,  central  and  peripheral. 

•  Author's  conclusion. 

"  Osier:    "Prac.  of  Medicine,"  sixth  edition,  p.  1075,  1905. 
"Von  Jaksch:    Zeit.  f.  klin.  Med.,  Bd.  xvii,  Suppl.,  S.  144,  1890. 
^  L.  Pierce  Clark:   Med.  News,  July  18,  1903. 
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The  increase  of  auto-antitoxin  compensates  for  this:  It  neu- 
tralizes not  only  the  toxic  wastes,  but  also  the  specific  poison 
or  toxin  of  the  disease  (typhoid,  erysipelas,  etc.)  upon  which 
tetany,  an  autonomous  phenomenon,  may  be  grafted.* 

The  spasms  of  tetany  are,  to  a  certain  extent,  therefore, 
an  expression  of  auto-protective  activity.*  They  occur  partly 
because  the  augmentation  of  auto-antitoxin,  which  is  the  body's 
main  safeguard  in  all  diseases  and  the  active  agent  in  all  febrile 
processes,  happens  to  coincide  with  a  condition  of  marked 
irritability  of  the  central  nervous  system.* 

This  accounts  for  the  fact  that  a  period  of  improvement  often 
succeeds  a  convulsion.  The  curative  influence  of  thyroid  extractives  or 
thyroid  grafting  in  the  tetany  following  thyroidectomy  points  to  the 
manner  in  which  the  toxic  wastes  are  neutralized.  By  stimulating  the 
adrenal  center  the  proportion  of  antitoxin  is  increased — precisely  as  if 
the  thyroid  gland  were  still  present.  Thus,  Hutchinson*^"  and  others 
found  that  thyroid  extract  increased  oxidation,  while  Magnus  Levy'"' 
and  Scholz^  observed  that  it  increased  the  consumption  of  oxygen  and 
the  proportion  of  COj  excreted.  As  will  be  shown  under  Treatment,  it 
is  as  effective  in  clinical  tetany  as  it  is  after  thyroidectomy. 

Treatment. — The  primary  disease,  that  which,  by  depriv- 
ing the  blood  of  some  of  its  auto-antitoxin,  renders  the  accumu- 
lation of  toxic  wastes  possible,  should  be  eliminated  whenever 
feasible.  Practically  all  cases  in  adults  are  due  either  to  some 
gastric  or  gastro-intestinal  disorder,  or  to  pregnancy  and  lac- 
tation. Gastric  dilation  is  not  infrequently  observed  and  it 
is  in  this  class  of  cases  that  death  is  apt  to  occur.  An  important 
feature  of  this  condition  is  that  it  is  directly  due  to  insufficiency 
of  the  adrenal  system :  the  blood  being  poorly  supplied  with 
adrenoxidase,  the  entire  muscular  system  is  relaxed,  including 
the  musculature  of  the  stomach.*  A  similar  condition  prevails 
in  pregnancy,  the  adrenal  center  being  unable  to  insure  neutral- 
ization of  the  waste-products  of  both  mother  and  foetus.* 

Under  these  conditions,  treatment  of  the  tetany  itself 
(besides  any  other  measure  that  the  concomitant  disorder  de- 
mands), i.e.,  stimulation  of  the  adrenal  mechanism  to  increase 
the  blood's  auto-antitoxin,  meets  the  needs  not  only  of  the 
tetany,  but  of  the  primary  disorder  also.*  Again,  when  we 
consider  that  it  is  through  an  increase  of  auto-antitoxin  that 

*  Author's  conclusion. 

"Hutchinson:    Brit.  Med.  Jour,  July  16,  1898 

Magnus  Levy:    Berl.  kiln.  Woch.,  Bd.  xxxii,  S.  650,  1895. 
"iScholz:    Cent.  t.  inn.  Med.,  Bd.  xvi,  S.  1041,  1069,  1895. 
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all  exogenous  and  endogenous  poisons  are  antagonized  in  the 
blood,  it  becomes  apparent  that  all  agents  which  increase  the 
functional  activity  of  the  adrenal  system  tend  to  cure  not  only 
tetany  itself,  but  its  cause.*  Thyroid  extract  (that  available, 
which  contains  parathyroid  extract)  is  thus  indicated  in  all 
forms  of  tetany.  Large  doses  have  been  found  necessary;  5 
grains  (0.3  gm.)  or  more  every  three  hours  may  be  used  at  first, 
and  gradually  increased.  Parathyroid  extract  is  beneficial  in 
some  cases,  but  probably  only  the  milder  ones. 

It  is  probable  that  the  underlying  cause  of  tetany  in  many  eases 
is  deficiency  of  thyroid  secretion.  Thus  Gottstein—  arrested  tetany  of 
twenty  years'  duration  in  a  case  of  myxoedema.  Yung,  Breisach,  Murray, 
Hutinel,  Maestro^  and  Byroin  Bramwell'"  have  also  reported  cases  of 
tetany  or  laryngospasm  apparently  devoid  of  hypothyroidia  benefitted 
and  even  cured  by  thyroid  extract.^  Levy-Dorn""  obtained  striking 
results  in  a  case  following  parturition,  the  spasm  ceasing  after  the  sixth 
dose.  Other  instances  of  this  kind  have  been  reported.  This  result 
obtains,  however,  only  in  cases  in  which  the  adrenal  center  responds  to 
excitation;  it  may  be  too  poorly  developed  to  do  so,  as  in  some  rachitic 
children,  or  it  may  have  been  so  actively  stimulated  by  the  concomitant 
process,  pregnancy  for  instance,  that  its  efficiency  cannot  be  raised 
further  even  by  thyroid  extract  and  the  tetany  persist. 

As  to  the  value  of  parathyroid  extract,  the  question  is  still 
unsettled.  Easterbrook"  tried  parathyroid  extract  in  several  cases, 
employing  enormous  doses  in  some;  the  only  effect  was  a  slight  rise 
of  blood-tension.  MacCallum,-'  however,  was  able  to  arrest  the  symp- 
toms produced  by  excision  oi  the  parathyroids  by  injecting  the  blood  of  a 
normal  dog.  The  same  observer  and  Davidson^  found  that  an  emulsion 
or  extract,  to  produce  its  maximum  eff'ect,  must  be  introduced  into  the 
veins  in  considerable  quantity — a  fact  which  they  think  tends  to  mili- 
tate against  its  use  in  human  beings,  although  it  might  be  of  use  in  cases 
due  to  partial  adrenal  insufficiency.  This  is  sustained  by  the  observation 
of  Loewenthal  and  Wiebrecht  that  it  was  beneficial  in  some  cases  and 
not  in  others.  The  fact  that  the  product  of  the  parathyroids  is  but  a 
constituent  of  thyroidase  probably  accounts  for  its  relative  inertness. 
In  the  light  of  my  views  it  requires  the  secretion  of  the  thyroid  to 
acquire  its  physiological  power. 

In  children  gastro-intestinal  disorders  are  likewise  the  pri- 
mary exciting  cause  in  the  majority  of  cases.  Purgation  and 
attention  to  the  diet  sometimes  suffice  to  arrest  the  spasms. 
Thyroid  extract  has  also  given  good  results  in  such  cases  after 
the  alimentary  canal  had  been  judiciously  treated.  Calomel, 


*  Author's  conclusion. 
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Levy-Dorn:    Therap.  Monats.,  Bd.  x,  S.  63,  1896. 
^  Easterbrook:    Lancet,  Aug.  6,  1898. 
28  MacCallum:    Med.  News,  Oct.  31,  1903. 
2»  MacCallum  and  Davidson:   Ibid.,  Apr.  8,  1905. 
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which  also  stimulates  energetically  the  adrenal  center,*  has  been 
used  advantageously  every  other  day  in  V4  grain  (0.05  gm.) 
doses  to  prevent  the  formation  of  toxic  substances.*  Saline 
aperients  are  also  useful  in  such  cases.  Salol,  5  grains  (0.3 
gm.),  has  been  recommended  for  the  same  purpose.  Warm 
baths,  by  drawing  blood  to  the  periphery  and  increasing  (owing 
to  the  heat,  which  enhances  the  energy  of  all  ferments)  the 
proteolytic  activity  of  its  auto-antitoxin,*  are  very  beneficial. 

Oddo™  found  calomel  very  effieaeious  in  the  above  dose,  for  the 
expulsion  of  intestinal  toxic  substances  and  their  removal.  With 
Hauser^'  he  recommended  lavage,  but  this  is  a  difficult  and  dangerous 
procedure  in  tetanic  children.  Maestro  observed  that  thyroid  gland, 
administered  raw  or  slightly  cooked,  30  to  60  grains  (2  to  4  gms. )  daily, 
to  children,  rapidly  diminished  the  intensity  of  the  spasms  and  finally 
arrested  them.  Warm  baths  are  recommended  by  many  clinicians; 
the  efficiency  of  ferments  being  raised  by  heat,  the  trypsin  of  the  auto- 
antitoxin  acquires  increased  activity;  moreover,  the  congestion  of  the 
central  nervous  system  is  markedly  relieved. 

Saline  solution  is  a  useful  adjuvant  to  increase  the  osmotic 
properties  of  the  blood  and  thus  facilitate  the  circulation  of  the 
auto-antitoxin.*  It  may  be  given  orally  in  adults  and  by  enema 
in  children,  large  quantities  being  injected. 

Kussmaul  long  ago  suggested  that  the  spasms  were  at  least  partly 
due  to  diminution  of  the  body  fluids — the  theory  of  "dehydration" 
supported  by  other  clinicians.  It  is  mainly  in  severe  types  of  tetany  that 
the  decinormal  solution  is  effectual.  Thus  Gomez^'^  obtained  prompt 
results  and  finally  recovery  in  cases  in  which  the  spasms  included 
opisthotonos. 

To  control  the  spasms,  10-grain  (0.65  gm.)  doses  of  bro- 
mide of  sodium  usually  suffice;  such  doses  reduce  the  excita- 
bility of  the  vasomotor  and  sympathetic  center  just  enough  to 
diminish  the  cutaneous  congestion  without  lowering  the  activity 
of  the  adrenal  center.*  If  it  fails  to  reduce  the  spasm  chloral 
hydrate  may  be  added  to  the  bromide,  also  in  10-grain  doses. 
In  children  the  chloral  may  be  given  by  enema.  Additional 
measures  to  relieve  the  spasm  are  given  in  the  article  on  Tetanus. 

*  Author's  conclusion 
3»  Oddo:   hoc.  cit. 

31  Hauser:    Berl.  klin.  Woch.,  Bd.  xxxiii,  S.  782,  1896. 

32  Gomez:    Rif.  Med.,  vol.  xvi,  Pt.  i,  p.  207,  1900. 
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TETANUS. 
Synonym. — Lockjaw. 

Definition. — Tetanus,  a  condition  characterized  by  par- 
oxysms of  severe  tonic  spasm,  is  the  terminal  stage  of  an  infec- 
tion by  a  specific  bacillus  the  toxin  of  which  causes  paresis  of 
the  test-organ.  The  functions  of  the  adrenal  system  being 
inhibited,  toxic  waste-products  accumulate  in  the  blood  which 
provoke  an  intense  rise  of  blood-pressure  and,  as  a  result, 
capillary  hypergemia  and  hyperexcitability  of  all  organs,  includ- 
ing the  spinal  and  peripheral  nervous  systems.  A  spasm  occurs 
when  this  hyperexcitability  is  suddenly  increased  by  the  appear- 
ance in  the  blood  of  an  excess  of  auto-antitoxin,  the  result,  in 
turn,  of  a  defensive  reaction  of  the  adrenal  system,  and  lasts 
until  both  the  specific  toxin  and  the  toxic  wastes  have  been 
more  or  less  converted  into  harmless  and  eliminable  end- 
products.* 

Symptoms  and  Pathologfy. — The  tetanic  paroxysms  appear 
from  a  few  hours  to  two  weeks  after  the  introduction  of  the 
specific  agent  of  tetanus  into  the  tissues.  The  attack  is  some- 
times preceded  by  chilly  sensations,  hypothermia,  lassitude, 
yawning,  and  in  traumatic  cases  by  some  tenderness  and  mus- 
cular twitchings  in  the  neighborhood  of  the  wound. 

The  attack  itself  begins  by  more  or  less  marked  rigidity 
and  perhaps  slight  pain  of  the  muscles  of  the  jaws,  neck,  tongue 
and  oesophagus,  the  patient  soon  fijiding  it  difficult  to  swallow 
and  then  impossible  to  open  his  mouth.  This  stiffness  gradu- 
ally invades  the  entire  body,  i.e.,  the  muscles  of  the  back, 
abdomen  and  legs,  and  the  patient  finally  becomes  as  stiff  as 
a  board.  In  some  cases  the  spasm  occurs  in  certain  groups  of 
muscles  earlier  than  in  others  and  the  body  may  be  bent  to 
one  side  or  the  other,  backward — opisthotonos — or  forward. 
The  facial  muscles  may  also  contract  irregularly,  causing  dis- 
tortion of  the  features;  the  eyebrows  may  be  raised  and  the 
angles  of  the  mouth  elevated,  causing  the  grin  of  tetanus,  i.e., 
the  risus  sardonicus.  The  paroxysms,  at  first  comparatively 
painless,  become  extremely  severe,  the  patient  being  often  in 
drenching  sweat;  but  fortunately  they  do  not  generally  last 


*  Author's  deftnition. 
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longer  than  fifteen  seconds.  They  may  be  provoked  by  the 
slightest  touch,  a  breath  of  air,  noise,  etc. 

When  the  muscles  of  respiration  and  the  diaphragm  take  a 
very  active  part  in  the  spasm,  the  respiration  becomes  hurried 
and  short  and  the  patient  may  die  of  asphyxia.  The  heart 
may  likewise  be  inhibited  through  excessive  constriction  of  the 
coronaries,*  and  its  action  become  very  weak,  irregular  and 
finally  arrested.  Although  the  temperature  may  rise  moderately 
during  the  seizure,  it  sometimes  becomes  high — 110°  F.  (43.3° 
C.)  on  the  approach  of  death.  Most  cases  die  within  the  first 
few  days,  but  some  may  endure  much  longer — weeks  even. 

Pathogenesis. — Tetanus  is  due  to  the  accumulation  in  the 
blood  of  certain  poisons  which  cause  marked  irritation  of  the 
sympathetic  and  vasomotor  centers.*  The  propulsive  activity 
of  the  arterioles  is  not  only  enhanced  to  a  marked  degree  by  the 
exaggerated  sympathetic  impulses,  but  the  irritation  of  the 
vasomotor  center,  by  provoking  excessive  and  general  vaso- 
constriction, causes  the  deeper  vascular  trunks  to  drive  a  part  of 
their  blood  into  the  peripheral  capillaries,  including  those  of  the 
spinal  cord  and  skin.*  The  spinal  reflex  centers  being  thus 
rendered  excessively  irritable  and  the  cutaneous  sensory  ter- 
minals correspondingly  sensitive,  a  condition  is  produced  in 
which  a  spasm  may  be  brought  on  at  any  moment  by  the  slight- 
est exciting  cause,  a  touch,  a  breath  of  air,  a  slight  noise,  etc., 
or  some  endogenous  excitant.* 

The  blood-pressure  was  found  elevated  by  Tauber^'  not  only  during 
spasms,  but  also  during  the  intervals.  The  arterial  tension  is  so  great 
in  some  cases  that  rupture  of  the  capillaries  may  be  caused  by  the  blood 
forced  into  them.  Thus,  Molle"''  observed  haemorrhage  in  tetanus. 
Marinesco'^  found  diffuse  haemorrhages  in  the  gray  substance  of  the 
spinal  cord,  especially  in  the  anterior  horns.  Hunter^"  noted  marked 
dilation  of  the  spinal  vessels,  coupled  with  infiltration  and  miliary 
haemorrhages;  Matthes''  also  found  in  the  spinal  cord  extensive  haemor- 
rhages and  disseminated  smaller  haemorrhages,  coupled  with  "enormous" 
enlargement  of  all  the  small  blood-vessels— a  condition  which  the  author 
ascribes  to  hyperaemia,  and  not  to  the  tetanus  poison.  Of  course,  all. 
muscles,  including  those  of  the  vessels,  being  abnormally  contracted 
during  spasm,  the  blood-pressure  is  higher  during  the  latter  than  during 
the  intervals,  but  the  fact  remains  that  the  blood-pressure  is  high 
during  the  entire  course  of  the  disease  and  that  this  is  due  to  irritation 
of  the  spinal  cells. 

•  Author's  conclusion. 

5'Tauber:    W^iener  klin.  Woch.,  Bd.  xi,  S.  747,  1898. 
»*Molle:   Bull,  med.,  vol.  x,  p.  135,  1896. 

'^Marinesco:   C.  r.  Soc.  de  biol.,  10  serie,  vol.  iii,  p.  726,  1896. 
''"Hunter:    Brit.  Med.  Jour.,  Aug.  7,  1897. 
Matthes:   Deut.  Zeit.  f.  NerVf,  Bd.  xiii,  S.  464,  1888. 
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As  to  the  participation  of  tne  sympathetic  center  in  the  process, 
we  have  seen  that  Cyon  produced  spasm  by  exciting  this  organ,  i.e.,  the 
seat  of  the  general  sympathetic  center,  as  I  have  pointed  out.  These 
fibers,  after  leaving  the  pituitary  and  the  nucleus  above,  pass  posteriorly 
along  the  walls  of  the  third  ventricle.  This  accounts  for  the  muscular 
movements  noted  by  Flourens,  Bechterew,  Weber,  Ferrier  and  others 
on  exciting  the  walls  of  the  third  ventricle.  Ziehen,'*  moreover,  found 
that  removal  of  the  hemispheres  in  rabbits  and  excitation  of  the  remain- 
ing structures,  including  the  corpora  quadrigemina,  caused  prolonged 
tonic  spasm.  Prus^*  then  found  that  when  the  pyramids  had  been 
divided,  the  spasmogenic  impulses  passed  by  way  of  the  base,  e.g.,  the 
tegmentum  and  pons,  an  observation  confirmed  by  Bischoff,*"  Hering 
and  others. 

Hering,"  in  experiments  which  included  twenty  monkeys,  ascer- 
tained that  after  division  of  the  pyramids  in  the  latter  animal  it  was 
impossible  "to  inhibit  a  tonic  spasm  in  the  isolated  extremity."  In  an 
extensive  series  of  experiments,  Nino  Samaja*^  recently  showed,  in  fact, 
that  in  the  higher  mammals  tonic  convulsions  were  "exclusively"  due  to 
impulses  from  the  base  of  the  brain,  the  path,  we  have  seen,  of  the 
sympathetic  filaments  derived  from  the  pituitary  body. 

The  presence  of  marked  hyperaemia  of  the  spinal  system  is 
generally  recognized.  Thus  Ewing,"  referring  to  the  spinal  cord  of  a 
case  examined  by  him,  states  that  "the  capillaries  were  everywhere 
distended  with  blood  and  a  few  minute  extravasations  were  found  in 
the  floor  of  the  fourth  ventricle." 

When  the  accumulation  of  toxic  wastes  in  the  blood  exceeds 
a  certain  limit,  the  test-organ  incites  a  protective  reaction 
through  the  adreno-thyroid  center.*  A  large  quantity  of  auto- 
antitoxin  suddenly  invading  the  blood,  the  existing  hypersensi- 
tiveness  of  all  nervous  elements,  central  and  peripheral,  is  in- 
creased, owing  to  the  increased  rapidity  of  metabolism,  and  a 
spasm  occurs.*  Indeed,  the  spasms  should  not  be  regarded  as 
constituting  the  disease  as  the  term  "tetanus"  suggests;  they 
represent  a  terminal  phase  of  the  disease,  when  the  accumu- 
lation of  poisons  in  the  blood  has  become  so  great  that  a  supreme 
physiological  effort  is  necessary  to  destroy  them.*  Each  spasm 
represents  such  an  exacerbation  of  protective  activity.* 

The  increase  of  auto-antitoxin  in  the  blood  being  itself 
paroxysmal,  as  in  all  convulsive  disorders,  the  erethism  and 
sensibility  of  the  spinal  and  cutaneous  nerve-cells  are  also 
paroxysmal.  Yet  the  paroxysm  is  not  due  to  direct  excitation, 
by  the  auto-antitoxin,  of  the  cerebro-spinal  cellular  elements; 
these  are  merely  rendered  still  more  irritable  than  before.*  The 

*  Author's  conclusion. 

■'^Ziehen:    Deut.  med.  Woch.,  Bd.  xiv,  S.  604,  1888. 
'»Prus:    Wien.  klin.  Woch.,  Bd.  xi.  S.  857,  1898. 
♦"Bischoff:    Ibid.,  Bd.  xii,  S.  960,  1899. 
"  Hering:    Ibid.,  Bd.  xii,  S.  831,  1899. 

*2  Nino  Samaja:    Rev.  Died,  de  la  Suisse  rom.,  Mar.  20,  1904. 
"Ewing:   Arch,  of  Neur.  and  Psych.,  vol.  i,  p.  263,  1898. 
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true  spasmogenic  factor  is  the  skin,  owing  to  the  presence  therein 
of  the  sensory  nerve-endings,  which,  more  easily  than  other 
nerve-elements,  are  capable  of  provoking  reflex  motor  spasm.  In 
other  words,  the  wave  of  anto-antitoxin  acts  as  an  endogenous 
excitant,  much  as  would  one  of  the  exogenous  excitants,  a  touch, 
a  noise,  etc.,  on  the  surface,  and  a  reflex  spasm  follows.* 

The  accumulation  of  adrenoxidase  and  the  resulting  rise  of 
temperature  vary  considerably  in  different  cases,  the  adrenal  center 
being  sometimes  unable  to  react  with  sufficient  vigor  to  master  the 
situation.  D'Arsonval"  not  only  observed  in  some  experimental  animals 
a  rise  of  40°  to  41°  C.  (104°  to  105.8°  F.)  and  above,  but  he  states  that 
the  spasms  "correspond  exactly  with  the  Tit/perproductions  in  the  ther- 
mogenesis."  This  clearly  shovv^s  that  while  a  continuous  febrile  process 
was  present,  the  spasms  coincided  with  the  exacerbations  of  that  process, 
in  accord  with  my  conclusions.  Indeed,  Thaon"  recently  found  clear 
signs  of  overactivity  of  the  pituitary  after  death  from  tetanus. 

The  fundamental  experiment  of  Hales,  that  suppression  of  the  cord 
in  frogs  prevented  all  reflex  response  always  obtained  on  irritating  the 
skin,  is  complemented  by  the  well-known  fact  that  the  application  of 
cocaine  to  the  skin  prevents  the  convulsion  of  strychnine.  Courmont 
and  Doyon,*"  working  in  the  laboratories  of  Arloing  and  Morat,  pointed 
out,  after  exhaustive  experiments  in  frogs,  guinea-pigs,  rabbits  and 
dogs,  that  the  spasms  of  tetanus  were  also  reflex  and  produced  by 
irritation  of  the  peripheral  sensitive  nerve-endings — a  view  sustained 
experimentally  by  Brunner*'  and  others.  Moreover,  Courmont  and 
Doyon  adduced  considerable  testimony  showing  that  the  supposed 
tetanic  poison  was  not  such  and  that  a  chemical  phase  existed  between 
this  poison  and  the  spasm.  Though  they  failed  to  discern  the  identity  of 
this  intermediate  substance,  their**  experiments  imposed  the  conclusion 
that  they  were  "newly  formed  in  the  body"  as  shown  below. 

Etiology. — The  primary  cause  of  the  disease  in  traumatic 
tetanus  is  the  presence  in  the  tissues  of  the  tetanus  bacillus, 
found  in  the  soil  and  in  the  pus  of  wounds  of  individuals  suffer- 
ing from  the  disease.  It  occurs  mainly  in  garden  soil  contain- 
ing manure,  in  the  superficial  dirt  of  streets,  roads,  stables,  etc., 
and  enters  the  tissues  when  these  are  lacerated — even  though 
the  injury  be  slight — with  what  soil  penetrates  the  wound. 
An  injury  of  the  hands  when  they  are  soiled  may  thus  initiate 
tetanus,  while  a  sharp  object  such  as  a  nail,  a  piece  of  glass,  etc., 
which  has  lain  in  the  dirt,  on  penetrating  the  foot  may  also  in- 
troduce therein  the  pathogenic  germ.  It  may  likewise  be  intro- 
duced during  vaccination,  the  surgical  use  of  gelatin,  etc. 

*  AutJiov' s  C'OTicTusioTt 

"  D'Arsonval  and  Charrin:  Arch,  de  physiol.  norm,  et  path.,  T.  x,  p.  740,  1898. 
*^  Thaon :    Thgse  de  Paris,  1907. 

"Courmont  and  Doyon:    C.  r.  Soc.  de  biol.,  9  s6rie,  vol.  v,  p.  618,  1893;  Arch, 
de  physiol.  norm,  et  path.,  5  sfirie,  vol.  v,  pp.  64,  114,  1893. 
Brunner:    Arch,  russes  de  pathol.,  Mar.  31,  1898. 
**  Courmont  and  Doyon:    Arch,  de  physiol.  norm,  et  path.,  T.  ix,  p.  716,  1897. 
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Tetanus  neonatorum,  which  ensues  when  the  umbilical  cord  is 
not  properly  cared  for,  the  tetanus  following  vaccination  and  in- 
jection of  antitoxin,  in  surgical  operations,  etc.,  are  all  caused 
by  the  bacillus  tetani. 

Idiopathic  tetanus  is  also  ascribed  to  the  tetanus  bacillus, 
which  is  thought  to  penetrate  the  skin  or  mucoiis  membrane  by 
some  undiscovered  injury.  As  it  has  been  found  in  large  quan- 
tities in  the  faeces,  it  is  thought  to  be  a  host  of  the  tissues,  though 
not  of  the  blood  itself,  and  to  multiply  when  exposure  to  cold, 
and  other  conditions  which  lower  the  resistance  of  the  tissues, 
favor  its  multiplication. 

The  bacteriology  of  idiopathic  tetanus  is  still  very  obscure.  Yet 
in  the  light  of  my  views,  cold,  exposure,  etc.,  may  well  facilitate  the 
multiplication  of  germs  present  in  the  tissues.  Thus,  Pizzini"  found 
the  bacillus  tetani  in  the  fseces  of  stable  attendants.  Leucocytes  being, 
as  we  have  seen,  the  intermediaries  between  the  intestinal  canal  and  the 
tissues,  the  manner  in  which  the  germs  may  be  transported  to  the  latter 
is  obvious.*  As  cold  inhibits  proteolytic  activity  by  lowering  the  tem- 
perature of  the  ferment,  the  digestive  activity  of  the  leucocytes  may 
itself  be  impaired  and  the — extremely  resistant — tetanus  bacilli  reach 
the  tissues  unharmed  and  quite  able  to  multiply.* 

Once  in  the  tissues,  the  bacillus  remains  at  the  seat  of 
infection  and  multiplies  in  situ.  Here  it  secretes  a  very  poison- 
ous toxin,  which  increases  in  quantity  gradually  as  the  multi- 
plication of  the  germ  progresses,  and  the  time  finally  arrives 
when  the  blood  contains  a  sufficient  amount  to  initiate  the 
terminal  phase  of  the  infection,  i.e.,  tetanus. 

The  toxin  of  the  tetanus  bacillus  is  not,  as  now  believed, 
the  direct  cause  of  the  spasms  witnessed  during  the  disease.* 

Considerable  importance  is  now  attached  to  the  presence  of  the 
toxin  in  the  nerves  themselves,  besides  that  found  in  the  blood,  a  fact 
demonstrated  by  Bruschettini,  in  1892,  and  confirmed  by  Marie™  and 
others.  Since  I  have  shown,"  however,  that  the  blood-plasma  circulates 
in  the  nerves,  i.e.,  in  the  axis-cylinders,  the  presence  of  toxin  in  them 
becomes  a  normal  phenomenon.  As  Gumprecht  found  it  also  in  the 
neural  lymphatics,  it  evidently  enters  likewise  the  tissue  lymphatics 
and  may  thence  be  readily  carried  to  the  blood-stream  and  penetrate  the 
nerves.  Marie  and  Morax,"  in  fact,  after  injecting  a  tenfold  fatal  dose 
in  the  leg-muscles  of  guinea-pigs,  found  the  toxin  in  the  blood  and 
sciatic  nerve  of  the  corresponding  side.  They  ascertained  also  that  the 
axis-cylinders  took  up  the  toxin  centripetally — the  direction  taken  by 
the  blood-plasma.    Meyer  and  Ransom^''  confirmed  these  observations. 

*  Author's  conclusion. 

"Pizzini:   Rev.  d'ig.  e  san.  pub.,  No.  5,  1898. 
™  Marie:   Ann.  de  I'lnst.  Pasteur,  vol.  xi,  p.  591,  1897. 
^  Cf.  vol.  i,  pp.  532  et  seq.,  and  also  this  vol.,  chapter  fifteenth. 
^2  Marie  and  Morax:   Ann.  de  I'lnst.  Pasteur,  vol.  xvl,  p.  818,  1902. 
Meyer  and  Ransom:    Proceedings  Royal  Soc,  vol.  Ixxii,  p.  26,  1903, 
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As  interpreted  from  my  standpoint,  these  phenomena  merely  exemplify 
the  manner  in  which  any  poison  enters  the  neural  elements  with  the 
plasma.  Indeed,  we  have  seen  that  Meltzer  showed  that  methylene- 
blue  entered  the  axis-cylinders  at  either  end. 

That  the  toxin  of  the  bacillus  tetani  is  not  the  direct  cause  of  the 
spasms  of  the  disease  is  shown  in  various  ways.  ( 1 )  When  injected 
into  nerves,  as  observed  by  several  investigators,  it  evokes  spasm  of  the 
corresponding  extremity  or  region  supplied  by  that  nerve  or  by  the  spe- 
cial cells  reached  by  the  poison.  This  is  not  the  case  in  tetanus;  while 
the  muscles  around  the  wound  may  be  somewhat  spastic,  the  spasms 
of  tetanus  begin  in  the  face  or  neck  (hence  the  term  "lockjaw"),  even 
though  the  source  of  the  toxin,  the  injury,  be  in  the  foot — -anywhere, 
in  fact.  (2)  Meyer  and  Ransom  found  that  when  introduced  directly 
into  the  posterior  root  of  a  spinal  nerve  between  the  posterior  ganglion 
and  the  cord,  the  toxin  caused  excruciating  pain.  In  tetanus  no  such 
pain  appears,  notwithstanding  the  predilection  of  the  toxin  for  the 
spinal  gray  substance.  (3)  As  observed  by  Courmont  and  Doyon,  a 
certain  dose  is  fatal  to  an  animal  after  a  period  of  incubation ;  this 
dose  may  be  increased  to  any  extent,  one  hundred  fold,  even,  without 
shortening  this  period.  In  the  case  of  true  spasmogenic  poison,  strych- 
nine, for  instance,  the  larger  the  dose,  the  sooner  death  occurs.  (4) 
Meyer  and  Ransom  found  that  when  the  toxin  was  injected  in  a  vein, 
a  period  of  incubation  of  three  or  four  days  was  followed  by  true 
tetanus.  Why  this  delay,  if  the  toxin  produces  spasms  by  acting  di- 
rectly on  the  nerve-cells?  It  cannot  be  ascribed  logically  to  delay  in 
reaching  the  central  system,  since  a  sufficient  dose  of  strychnine  intro- 
duced in  the  same  way  produces  spasm  in  a  few  minutes.  This  is 
further  emphasized  by  the  fact  that  the  lethal  activity  of  tetanus  toxin 
according  to  Lehmann  and  Neumann'^*  is  from  30  to  100  times  greater 
than  that  of  strychnine. 

The  first  effect  of  the  soluble  toxin  is  to  stimulate  the  test- 
organ,  i.e.,  the  adrenal  center — an  auto-protective  reaction.*  As 
a  result,  there  occurs  an  abundant  production  of  adrenoxidase, 
and  therefore  of  auto-antitoxin  in  the  blood,*  and,  in  robust 
individuals,  moreover,  a  marked  leucocytosis.  The  success  of 
the  immunizing  process  depends  upon  the  efficiency  of  this 
auto-protective  function,*  and  to  some  extent  upon  the  quantity 
of  infectious  material  introduced.  It  is  probable  that  most 
wounds  in  which  soil  has  penetrated  are  contaminated,  and  that 
the  great  majority  are  not  followed  by  tetanus  only  because  the 
antitoxic  and  phagocytic  properties  of  the  blood  can  successfully 
cope  with  the  bacilli  and  their  toxins  from  the  outset.* 

Courmont  and  Doyon,  we  have  seen,  concluded  after  many  experi- 
ments that  tetanus  was  caused  by  soluble  substances  "newly  formed  in  the 
body,"  under  the  influence  of  the  toxin.  Though  unable  to  indicate  their 
source  or  identity,  they  also  found  that  when  a  dose  of  extract  of  tissues 
containing  tetanus  toxin  (extract  of  normal  tissues  giving  no  result) 
too  small  to  cause  death  was  injected  into  an  animal,  its  blood  soon  con- 
tained "in  abundance"  a  spasmogenic  soluble  substance.    Of  this  sub- 

*  Author's  conclusion. 

"  Lehmann  and  Neumann:  "Bacteriology,"  American  edition,  by  Weaver, 
p.  75,  1901. 
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stance,  they  say:  "It  resists  prolonged  boiling,  although  the  products 
of  the  bacillus  become  inactive  above  a  temperature  of  65°  C."  These 
results  have  been  confirmed  by  Buschke  and  OergeP'^  and  by  Blumenthal.^" 
Now,  we  have  repeatedly  seen  that  oxidase  alone  stands  boiling  without 
being  destroyed,  and  that  it  can  itself  provoke  tetany  by  enhancing 
excessively  the  energizing  properties  of  the  blood  and  the  irritability 
of  nervous  elements,  peripheral  and  central.  It  is  plain,  therefore,  that 
tetanus  toxin  can,  in  small  doses,  powerfully  stimulate  the  adrenal 
center,  i.e.,  the  auto-protective  functions  of  the  body. 

The  phagocytic  properties  of  the  blood  are  also  greatly  increased, 
and  Metchnikoff,  Vaillard  and  Vincent"  and  others  have  shown  that, 
under  favorable  conditions,  phagocytosis  sufficed  to  arrest  the  morbid 
process. 

When  the  protective  resources — phagoc3^tes  and  auto-anti- 
toxin— of  the  body  are  unable  to  destroy  the  pathogenic  germs 
and  their  products  as  fast  as  they  increase  in  the  blood,  the 
toxin  depresses  and  tends  to  paralyze  the  functional  efficiency 
of  the  adrenal  center.*  By  thus  inhibiting  the  formation  of 
adrenoxidase,  and  therefore  of  auto-antitoxin,  the  toxin  prevents 
the  destruction  of  physiological  wastes  which  include  several 
intermediate  toxic  bodies.* 

Striking,  in  this  connection,  is  the  testimony  of  physiological  chem- 
istry. Oxidase,  we  have  seen,  is  a  soluble  globulin  mixed  with  the 
blood's  serum  albumin.  Chittenden,'*'  referring  to  the  tetanus  that  fol- 
lows thyroidectomy  in  animals,  savs  that  "in  the  period  preceding  the 
convulsions  the  precentage  amount  of  serum  albumin  is  increased  and 
the  globulins  decreased."  Now,  the  symptoms  of  the  period  of  incuba- 
tion, chilliness,  actual  rigors  and  hypothermia,  yawning,  lassitude,  etc., 
clearly  point  to  the  time  when,  overwhelmed  by  the  accumulated  to.xins, 
the  adrenal  center  is  losing  ground  and  reducing  passively,  therefore, 
the  oxidase  supplied  to  the  blood.  Injected  toxin  sometimes  evokes 
nothing  but  such  symptoms,  causing  extreme  hypothermia  and  death, 
as  observed  bj'  Binot.^"  Donitz™  also  obtained,  by  large  doses  in  sus- 
ceptible animals,  great  wasting  with  occasional  convulsions  and  finally 
general  paralysis.  Montesano  and  Montessori"'  found  active  tetanus 
bacilli  in  the  cerebro-spinal  fluid  of  a  case  of  general  paralysis.  Cases 
of  paralysis  of  facial  muscles  have  also  been  observed  by  Rose,  Lepine, 
WaltenhofT,"^  J.  Hendrie  Lloyd"^  and  others — -a  fact  which  suggests  that 
the  tetanus  toxin  may  not  limit  its  paralyzing  action  to  the  adrenal 
center.  Federoff"  likens  the  virulence  of  the  toxin  to  that  of  snake- 
venom.  As  in  the  case  of  the  latter,  the  blood  is  sometimes  laked — 
evidence,  we  have  seen,  of  advanced  adrenal  insufficiency. 

The  toxic  wastes  that  remain  undestroyed  in  the  blood  soon 
begin  to  accumulate  therein,  and  constitute  the  true  intrinsic 

*  Author's  conclusion. 

^Buschke  and  Oergel:    Deut.  med.  Woch,,  Bd.  xix,  S.  149,  1893. 
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pathogenic  agents  of  the  disease,  since  they  are  the  irritants 
which  cause  the  vasomotor  and  sympathetic  centers  to  become 
hypersensitive  in  the  manner  defined  under  tlie  preceding  head- 
ing.* 

As  tetanic  spasms  always  occur  (in  carnivora)  after  experimen- 
tal thyroidectomy,  they  cannot  be  ascribed  to  the  tetanic  toxin,  or  to 
poison  of  external  origin.  Some  toxic  substance  formed  in  the  body 
itself  can  alone,  therefore,  be  accountable  for  the  intense  irritability  of 
the  spinal  cells  which  renders  the  occurrence  of  seizures  possible  under 
the  least  excitation,  extrinsic  or  intrinsic.  The  prevailing  view  at  the 
present  time  is  that  of  Victor  Horsley,"^  Blumreich  and  Jacoby""  and 
others,  i.e.,  that  the  spasms  are  due  to  "one  or  more  toxic  substances 
tending  to  accumulate  in  the  blood"  (Schiifer'").  Referring  to  the  teta- 
nus of  experimental  thyroidectomy,  Chittenden"^  also  says:  "It  would 
appear  that  in  the  first  stages  is  an  abatement  of  the  metabolism  of 
the  tissues,  followed  by  an  increase,  and  that  possibly  in  the  incomplete 
breaking  down  of  the  proteid  material,  intermediate  toxic  products 
appear  which  are  the  cause  of  the  cachexia." 

Prophylactic   Treatment. — Notwithstanding   the  hopeful 

outlook  once  afforded  by  the  serum  or  "antitoxin"  treatment,  it 

has  signally  failed  to  influence  the  mortality  of  developed  cases 

of  tetanus,       about  SO  per  cent.,  while  that  of  the  4th  of  July 

tetanus,  the  toy  pistol,  fire-crackers,  etc.,  is  95  per  cent.  As 

a  prophylactic,  however,  antitoxin  is  of  undoubted  value.  The 

highest  mortality  occurs  within  the  first  seven  days  after  the 

onset  of  the  convulsions;   after  this  the  chances  of  recovery 

increase  in  proportion  with  the  duration  of  the  disease. 

In  their  study  of  the  reports  of  1201  cases,  Anders  and  Morgan"" 
state  that  "as  a  means  of  prophylaxis  the  serum  has  been  fully  tested 
both  in  America  and  abroad,"  and  there  is  "uniform  agreement  that 
'antitoxin  does  protect'  in  every  case."  They  also  conclude,  however, 
that  "on  the  other  hand,  the  present  status  of  the  serum  question 
leaves  no  room  for  doubting  that  when  given  during  a  well-developed 
case  of  tetanus,  antitoxin  does  not  have  any  appreciable  beneficial 
effect,  neither  the  mortality  being  reduced  nor  recovery  hastened  thereby." 
In  the  870  cases  in  which  the  duration  of  the  disease  had  been  given  in 
the  report,  the  highest  mortality  occurred  on  the  seventh  day.  From 
the  tenth  day  gradually,  and  the  fifteenth  rapidly,  the  mortality 
decreased.  Jacobson  and  Pease,™  after  a  comprehensive  study  of  re- 
ported cases,  conclude  that  "as  a  prophylatic  measure  it  merits  our 
fullest  confidence." 

The  undiminished  mortality  of  tetanus  notwithstanding  all 
the  work  done  in  recent  years  emphasizes  the  great  importance 

*  Author's  conclusion. 

85  Victor  Horsley:    Proc.  Royal  Sec.  of  London,  vol.  xl,  p.  6,  1886. 
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of  surgical  prophylactic  measures.  All  injuries  in  which  con- 
tamination is  probable  should  at  once  be  carefully  asepticized, 
opening  freely  under  auEesthesia  if  required,  until  all  tissues 
reached  by  the  destructive  agent,  and  all  local  detritus,  foreign 
bodies,  necrosed  tissue,  etc.,  are  brought  to  view.  The  edges  of 
the  wound  should  be  retracted  and  all  tissues  exposed  to  the 
air  (the  tetanus  bacillus  being  killed  by  oxygen)  and  finally 
washed  out  with  hydrogen  peroxide  injected  into  every  recess  of 
the  wound.  The  next  procedure  is  to  apply  a  thick  layer  of 
antitetanic  serum  to  the  thoroughly  disinfected  surfaces,  pre- 
ferably in  the  form  of  powder  of  the  dried  serum.  The  wound 
should  then  be  dressed.  Complete  but  loose  iodoform  gauze 
packing — thus  permitting  the  access  of  air  to  the  tissues  and 
free  drainage — has  given  the  best  results. 

J.  Alison  Hawkes,  of  Melbourne,'"  found  hydrogen  peroxide  of 
value  in  a  case  in  which  the  seizures  had  already  developed.  The  power- 
ful oxidizing  properties  of  this  agent  render  it  invaluable  in  this  con- 
nection. The  local  use  of  powdered  antitoxin  is  considered  by  Letulle" 
a  positive  preventive.  Calmette  and  also  McFarland"  observed  that 
though  not  absorbed  from  the  skin  or  mucous  membranes,  antitetanic 
serum,  even  when  dried,  was  promptly  absorbed  by  denuded  surfaces, 
wounds,  etc.,  and  conferred  immunity  on  animals.  Cauterization  of 
the  wound  should  be  avoided;  the  eschars  tend  to  close  it,  and  thus  to 
provide  the  tetanus  bacillus  the  environment  it  requires  to  pullulate, 
i.e.,  one  deprived  of  oxygen. 

Agents  Which  Increase  the  Bactericidal  and  Anti- 
toxic Properties  of  the  Blood. — The  marked  prophylactic 
value  of  antitetanic  serum  is  due  to  the  fact  that  it  increases  the 
relative  proportion  of  auto-antitoxin,  from  which,  as  I  have 
shown,  it  does  not  differ  in  general  composition.  Its  action  is 
the  same  on  the  bacteria,  their  spores  and  their  toxins.  As 
soon  as  the  wound  is  dressed,  therefore,  at  least  10  c.c. 
(2^/2  drachms)  of  American  serum  should  be  injected  into  a 
vein.  An  equal  quantity  should  then  be  injected  each  day. 
When  the  injury  is  extensive,  or  if  considerable  laceration  of  tis- 
sue have  occurred,  the  dose  should  be  larger. 

The  now  established  value  of  antitetanic  serum  as  a  prophylactic 
sustains  the  remarkable  results  obtained  by  Nocard,''''  who  administered 
two  injections  of  antitetanic  serum  to  each  of  2707  horses,  after  such 
operations  as  castration  and  docking,  and  to  2300  and  then  again  to  400, 


"J.  Alison  Hawkes:    Brit.  Med.  Jour.,  Apr.  18,  1896. 
'^Letulle:    Presse  med.,  vol.  xi,  p.  453,  1904. 
"McFarland:    Jour.  Amer.  Med.  Assoc.,  July  4,  1903. 
''*Nocard:    Semaine  med.,  vol.  xvii,  pp.  272,  280,  1897. 
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one  to  four  days  after  accidental  wounds  and  injuries.  One  only  had 
a  slight  attack  of  tetanus,  from  which  it  soon  recovered.  The  district 
was  one  in  which  tetanus  was  very  rife,  and  in  the  same  period  259  other 
horses,  many  of  them  from  the  same  stables  as  those  that  he  thus 
immunized,  died  from  this  cause. 

As  thyroid  extract,  as  shown  below,  promptly  arrests  the 
tetanus  that  follows  removal  of  the  thyroid,  and  this  form  being 
similar  to  the  typical  tetanus,  it  is  indicated  in  the  latter,  in 
5-grain  (0.3  gm.)  doses  three  times  daily  in  adults,  as  a  prophy- 
lactic* It  stimulates  powerfully  the  adrenal  center  and  there- 
fore increases  correspondingly  the  proportion  of  adrenoxidase 
in  the  blood.*  But  it  is  only  as  a  prophylactic  that  it  can  be 
given  in  full  doses. 

All  agents  which  stimulate  the  adrenal  center,  though  in- 
ferior to  thyroid  extract,  are  capable  of  augmenting  the  anti- 
toxic properties  of  the  blood  and  cannot,  therefore,  but  be  of 
value  as  prophylactics.*  The  iodides  produce  effects  similar 
to  those  of  thyroid  extract,  but  less  rapidly;  at  least  10  grains 
(0.64  gm.)  should  be  given  three  times  daily  to  adults,  to  evoke 
rapidly  its  physiological  effects.*  Biniodide  of  inercury,  14 
grain  (0.016  gm.),  three  times  daily,  closely  watched  to  avoid 
salivation,  also  powerfully  stimulates  the  adrenal  center.* 
Other  agents  of  the  same  class,  referred  to  below,  are  also  en- 
dowed with  properties  which  render  them  suitable  as  prophy- 
lactic agents. 

Treatment  of  Developed  Tetanus. — Once  the  disease  has 
reached  the  last  stage,  i.e.,  that  attended  with  spasm,*  anti- 
tetanic  serum,  we  have  seen,  does  not  influence  favorably  its 
lethal  tendency.  The  main  reason  for  this  is  that  the  amount 
introduced  in  the  blood,  even  in  the  largest  doses,  is  often  inade- 
quate to  compensate  for  the  deficiency  of  adrenoxidase  and, 
therefore,  of  auto-antitoxin,  which  the  depressed  condition  of 
the  adrenal  center  entails.*  The  spurts  of  activity  of  which 
this  center  is  the  seat*  are  sometimes  sufficiently  violent,  even 
tinder  these  conditions,  to  overcome  the  toxaemia,  but  the  mor- 
tality ratio  shews  that  in  the  great  majority  of  cases  this  re- 
sult is  not  attained.  The  aim,  therefore,  should  be  to  supple- 
ment the  action  of  the  antitetanic  serum  by  that  of  auto-anti- 
toxin; this  may  be  done  by  the  simultaneous  use  of  thyroid 
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extract  in  full  doses,  adjusted,  as  stated  below,  to  the  needs  of 
the  auto-protective  process.*  It  is  capable  alone,  in  fact,  of 
arresting  tetanic  convulsions. 

The  tetany  that  follows  thyroidectomy  often  assumes  the  character 
of  true  tetanus.  Even  when  the  disease  is  well  advanced,  the  spasms  may 
be  promptly  arrested  with  thyroid  extract,  as  shown  by  Vassale"  and 
Gley'°  and  many  other  investigators  since,  as  is  well  known.  This 
applies  likewise  to  the  active  organic  principle  of  the  thyroid,  iodothyrin. 
Thus,  Hofmeister"  found  that  iodothyrin  cuts  short  the  symptoms  that 
follow  removal  of  the  thyroid,  including  the  convulsions.  Baumann  and 
Goldmann''*  showed,  moreover,  that  thyroidectomized  dogs  do  not  suffer 
from  tetanic  convulsions  so  long  as  adequate  doses  of  iodothyrin  are 
administered,  and  that  they  recur  when  the  iodothyrin  is  withdrawn. 

The  introduction  of  the  antitetanic  serum  into  the  nerves, 
the  spinal  cord  or  the  brain,  tends  to  induce  shock  and  further 
to  depress  the  adrenal  center ;  and  as,  on  the  whole,  such  severe 
procedures  have  not  lowered  the  general  mortality  of  tetanus, 
they  are  not  recommended.*  Conversely,  as  the  antitetanic 
serum,  on  entering  the  blood-plasma,  circulates  with  the  latter  in 
the  axis-cylinders,  its  intravenous  use  insures  its  penetration  to 
all  the  irritable  nerve-elements,  central  and  peripheral,  with  far 
more  certainty  than  do  the  above-mentioned  procedures,  which 
tend  to  localize  its  action.*  Not  less  than  10  c.c.  (2^/2 
drachms)  of  the  serum  should  be  injected  at  a  time,  preferably 
into  the  median  basilic  vein ;  and,  in  order  to  sustain  its  ac- 
tion, this  dose  should  be  repeated  every  three  hours.  If  the 
temperature  is  but  little  above  normal,  which  indicates  that  the 
auto-protective  processes  are  inadequate,*  larger  doses  should  be 
given. 

Loeper  and  Oppenheim,"  in  a  study  of  208  cases,  including  5  of 
their  own,  59  of  which  were  treated  by  the  intracerebral  method  and 
144  by  intravenous  or  hypodermic  injections,  found  the  mortality  greater 
in  the  former,  even  in  cases  of  equal  severity;  they  concluded  moreover, 
that  the  intracerebral  injections  were  not  devoid  of  danger.  Gibb"*" 
reported  a  case  in  which  it  caused  a  fatal  cerebral  abscess.  Meyer  and 
Ransom  regard  intraspinal  injections  as  of  no  gi'eater  value  than  the 
intravenous  or  hypodermic  method,  while  the  anatomical  relations  are 
such,  as  shown  by  Browning,^"-  that  there  is  but  little  absorption  by  the 
spinal  cord  proper  from  the  subarachnoid  space.  On  the  other  hand,  in 
the  intravenous  method,  the  serum  is  first  taken  to  the  heart,  and  in 
less  than  30  seconds  is  distributed  everywhere.    Very  large  doses  may 
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safely  be  injected  in  this  manner  (avoiding  the  introduction  of  air)  : 
Kocher,*^  for  instance,  injects  50  c.c.  (13%  drachms)  at  a  time  in  the 
median  basilic  vein.  Doubtless  many  cases  are  lost  because  too  little 
serum  is  supplied  to  the  blood  to  enable  it  to  cope  with  the  disease.  Bit- 
ing*' injected  350  c.c.  (nearly  13  ounces)  in  24  hours  in  a  case  which 
terminated  favorably.  Rosa  Engelmann**  holds  that  the  ineffectiveness 
reported  is  due  to  insufficient  doses.  As  my  analysis  of  its  composition 
shows,  it  is  quite  harmless,  notwithstanding  its  marked  antitoxic  power. 

The  supplemental  use  of  thyroid  extract  is  indicated  when, 
notwithstanding  the  intravenous  injection  of  large  doses  of 
serum,  the  temperature  remains  comparatively  low.  A  dose 
varying  from  5  to  10  grains  (0.3  to  0.64  gm.) — the  lower  the 
temperature  the  larger  the  dose — may  be  given  every  three 
hours  at  first.*  After  a  couple  of  doses,  the  temperature  should 
begin  to  rise.*  In  this  event,  the  effects  should  be  carefully 
watched,  since  the  increased  metabolic  activity  engendered  by 
the  extract  may,  we  have  seen,  increase  the  number  of  con- 
vulsions, when  either  of  the  measures  indicated  below  to  con- 
trol the  latter  should  be'  resorted  to.  Should  the  temperature 
not  rise,  the  thyroid  extract  should  be  given  steadily,  the  dose 
and  its  continuance  being  regulated  according  to  the  effect 
produced.*  If  antitoxin  cannot  be  obtained,  thyroid  extract  is 
capable  of  replacing  it  by  administering  large  doses  at  short 
intervals.* 

Experiments  have  shown,  as  is  well  known,  that  when  injected 
soon  after  infection  with  many  times  the  lethal  dose,  antitoxin  will 
save  the  poisoned  animal.  As  the  time  elapsed  since  infection  increases, 
however,  larger  doses  are  required  to  do  so,  until  a  time  is  reached  when 
antitoxin  will  lose  its  effect  entirely.  It  is  in  such  cases  that  the  tem- 
perature will  not  rise.*  Thus  Mollers*^  used  large  doses  in  four  cases 
within  30  hours  after  the  first  symptoms  of  tetanus  had  appeared;  yet 
all  died.  He  specifies,  however,  that  all  were  free  from  fever.  Con- 
versely, Anders  and  Morgan,  in  the  statistical  paper  already  referred 
to,  write:  "Hyperpyrexia  was  noted  in  two  cases  of  our  series;  this  is 
supposed  to  be  an  ominous  sign,  but  both  instances  ended  in  recovery." 
In  a  case  reported  by  Leyden'"  the  temperature,  105.8°  F.  (41°C.),  fell 
soon  after  giving  antitoxin,  and  the  case  steadily  improved.  It  is  pre- 
cisely this  curative  process  that  thyroid  extract  evokes  in  experimental 
animals.  Thus,  as  emphasized  by  Hutchinson"  and  others,  all  the  sys- 
temic oxidation  processes  are  increased  by  the  use  of  thyroid  extractives. 
Magnus  Levy**  and  Scholz*''  found  that  they  increased  the  consumption  of 
oxygen  and  the  proportion  of  carbonic  acid  excreted.    Waste-products  of 

*  Author's  conclusion. 

82  Kocher:    Corresp.  f.  sch.  Aerzte,  Bd.  xxx,  S.  107,  1900. 

Biting:    Albany  Med.  Annals,  vol.  xxv,  p.  105,  1904. 
»*Rosa  Engelmann:    Med.  Record,  Sept.  22,  1906. 
85  Mollers:    Deut.  med.  Woch.,  Bd.  xxvii,  S.  814,  1901. 
soLeyden:    Ibid..  Bd.  xxvii,  S.  477,  1901. 
8'  Hutchinson:    Brit.  Med.  Jour.,  July  16,  1898. 
*8  Magnus  Levy:   Loc.  cit. 

8»Scholz:    Centralbl.  f.  inn.  Med.,  Bd.  xvi,  S.  1041,  1069,  1895. 
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metabolism  being,  as  we  have  seen,  the  direct  irritant  of  the  central 
nerve-cells,  and  the  cause  of  the  convulsions,  they  are  evidently  destroyed 
— along  with  the  tetanus  bacillus  and  their  toxin — since  Mendel,  Roos, 
Napier,  Ord  Voit°"  and  other  physiological  chemists  have  noted  that  thy- 
roid extract  increased  the  excretion  of  end-products  of  metabolism. 
Diuresis  is  likewise  increased. 

The  diet  is  an  important  feature  of  the  treatment.  Meats 
should  be  withdrawn  as  a  prophylactic  measure  after  injuries 
involving  the  possibility  of  tetanus,  and  a  milk  diet  should  be 
insisted  upon  in  developed  cases.*  Experimental  physiology 
suggests  also  that  total  abstention  from  animal  food,  feeding  the 
patient  solely  on  cereals  and  other  vegetable  foods,  is  even  bet- 
ter than  the  milk  diet.* 

Briesaeher°^  observed  that  dogs  fed  on  milk  bore  thyroidectomy 
better  than  those  given  meat,  and  that  their  convulsions  were  fewer. 
Munk,  AUara,"^  Ewald  and  others  found  that  thyroidectomy  was  not  fol- 
lowed by  morbid  results  in  herbivora.  So  great  is  the  morbid  influence 
of  animal  food  in  this  connection  that  it  almost  imposes  itself  as  the 
sole  cause  of  the  convulsions. 

The  viscidity  of  the  blood  being  increased,  especially  dur- 
ing the  convulsions,  saline  solution  is  indicated  as  it  is  in  other 
febrile  processes.*  It  may  be  used  as  a  beverage  or  injected 
intravenously,  subcutaneously  or  rectally,  and  in  large  quan- 
tities. By  promoting  osmosis  and  diuresis,  it  facilitates  greatly 
the  elimination  of  the  blood-poisons.  Blood-letting  or  brisk 
saline  purgation  has  been  found  of  value  as  a  preliminary  to 
the  use  of  saline  solution. 

We  have  seen  that  the  febrile  process  tends  to  reduce  the  osmotic 
property  of  the  blood,  i.e.,  to  increase  its  viscidity.  Chittenden"^  states 
that  "if  the  blood  is  taken  for  examination  during  a  convulsive  seizure," 
referring  to  the  tetanus  of  experimental  thyroidectomy,  "it  is  thicker, 
contains  more  solid  matter  as  well  as  iron  and  haemoglobin."  Since,  as 
I  have  shown,  adrenoxidase  is  the  albuminous  portion  of  the  hsemoglobin 
molecule,  the  increase  of  the  latter  is  accounted  for;  but  the  fact 
remains  that  its  viscidity  is  increased.  Hence,  the  marked  benefit 
obtained  through  injections  of  saline  solution  by  many  clinicians.  A 
most  convincing  test  of  the  value  of  saline  solution  is  given  by  the 
experiments  reported  by  Mathews."*  "Rabbits  were  injected  with  fatal 
doses  of  tetanus  toxin,  and  48  to  60  hours  after  the  injection,  when  the 
symptoms  of  the  disease  were  just  appearing,  saline  infusion  was  given. 
In  nearly  all  cases,  if  taken  early,  the  animals  survived,  while  the  con- 
trol animals  died.    In  well-advanced  cases  the  saline  infusion  was  found 


*  Anthnr's  ronrlusion. 
Cited  by  Chittenden:   Trans.  Congr.  Amer.  Phys.  and  Surgs.,  vol.  iv,  p.  87, 
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to  be  useless."  As  observed  clinically  by  McOscar,"^  "free  diuresis  fol- 
lowed the  use  of  saline,"  which  means  a  free  elimination  of  toxics,  since, 
as  shown  by  Laulanie,™  Gley"'  and  others,  the  blood  of  tetanic  animals 
is  more  toxic  than  that  of  normal  ones.  Free  preliminary  blood-letting 
has  been  found  beneficial  by  many,  owing  doubtless  to  the  elimination  of 
toxic  wastes  and  the  greater  dilution  of  those  remaining  in  the  blood 
when  the  saline  solution  is  introduced. 

The  carbolic  acid  method  recommended  by  Baccelli  has 
given  better  results  in  developed  tetanus  than  antitetanic  serum. 
It  is  a  mistake  to  believe,  however,  that  "heroic"  doses  of  car- 
bolic acid  can  be  administered  with  impunity.  Such  doses  tend 
to  depress  the  adrenal  center  precisely  as  does  the  tetanus  toxin, 
probably  because  some  of  it  becomes  converted  into  oxalic  acid 
by  the  adrenoxidase  in  the  blood.  Sudden  progressive  weakness 
and  convulsions,  which  are  also  spinal  in  man,  suggest  an  un- 
favorable change  in  the  disease,  whereas,  in  truth,  the  case  has 
been  transformed  into  one  of  carbolic  acid  poisoning.*  The 
best  results  have  been  obtained  by  using  a  3  to  3  per  cent,  solu- 
tion, divided  in  small  doses  injected  hypodermically  every  two 
or  three  hours,  so  as  to  give  from  3  to  7  grains  (0.2  to  0.5  gm.) 
in  the  twenty-four  hours.  Such  doses  stimulate  the  adrenal 
center  actively.* 

Italian  physicians  have  obtained  better  results  than  those  of  other 
countries.  In  75  cases  collected  by  D.  Symmers""  from  the  literature  of 
various  countries,  including  33  eases  treated  by  Ascoli,"*  the  mortality 
was  but  22.66  per  cent.  The  21  acute  eases  of  the  whole  series,  i.e., 
those  in  which  the  incubation  was  within  ten  days,  and  which  usually 
prove  the  most  fatal,  gave  a  mortality  of  only  9.5  per  cent.  It  requires 
large  doses  to  paralyze  the  adrenal  center,  but  not  in  all  cases.  In  a 
child  Ebhardt""  observed  intense,  though  non-fatal  symptoms  of  poison- 
ing, though  but  3  grains  (0.18  gm. )  were  being  given  in  the  twenty- 
four  hours.  Sometimes  carbolic  acid  proved  curative  where  antitetanic 
serum  had  failed,  as  shown  by  the  cases  of  Laplace,^"'  Wagoner'"^  and 
others.  Deplano,"^"'  Mastri'"*  and  Fabrique"'^  recorded  seven  successful 
cases  in  which  carbolic  acid  alone  was  used. 

Other  agents  have  been  used  more  or  less  successfully,  in 
lieu  of  those  reviewed  above.  Those  that  have  given  satisfac- 
tory results  in  the  few  cases  in  which  they  were  tried  have 

*  Author's  conclusion. 
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been  the  iodides,  but  only  in  veterinary  medicine,  which  stimu- 
late the  adrenal  center;*  and  creosote,  20  minims  (1.3  gm.) 
dissolved  in  1  drachm  (-i  gm.)  of  olive-oil  given  subcutaneously, 
twice  daily,  which  fulfills  the  role  of  carbolic  acid.  Various 
preparations  of  mercury,  including  calomel,  have  also  been  found 
effective,  especially  when  the  patient  was  rapidly  mercurialized 
and  kept  so  under  small  doses;  this  metal  is  next  to  iodine  in 
stimulating  the  adrenal  center.* 

Creosote,  used  in  the  manner  indicated,  turned  the  tide  in  a  case 
which  was  steadily  sinking  under  the  serum  followed  by  carbolic  acid 
injections,  treated  by  Higginson.'™  "Mercury,"  administei'ed  to  the 
extent  mentioned  and  in  conjunction  with  chloral,  is  credited  with  the 
recovery  of  three  cases  treated  by  Lentaigne.™  Stoker*^"*  obtained  a 
similar  result.  These  cases  are  too  few  to  warrant  a  conclusion,  but, 
in  the  light  of  my  views,  they  indicate  that  the  measures  merit  further 
trial. 

Drugs  Which  Control  Spasm  by  Depressing  the  Vas- 
cular Centers. — The  convulsions,  though  the  expression  in 
in  part  of  a  protective  process,  are  dangerous,  because  the  aug- 
mentation of  auto-antitoxin — which  differs  in  no  way  from  that 
produced  in  other  fevers — coincides  with  excessive  irritability 
of  nerve-centers  which  characterizes  the  disease.*  The  aim, 
therefore,  should  be  to  reduce  this  irritability,  but  without 
diminishing  the  efficacy  of  the  remedies  which  directly  or  indi- 
rectly destroy  the  pathogenic  toxin  and  toxic  wastes.*  As  these 
provoke  their  harmful  effects  by  irritating  mainly  the  vasomotor 
and  sympathetic  centers,  drugs  which  tend  to  depress  or  anaes- 
thetize, as  it  were,  these  centers,  are  indicated.*  We  have  in 
chloral  hydrate,  the  hromidcs  and  veratrum  viride  precisely 
such  drugs.  Used  indiscriminately,  however,  they  may  do  more 
harm  than  good.  Thus,  many  convulsions  may  coincide  with  a 
low  temperature;  the  febrile  process  being  inadequate,  the 
blood-poisons  steadily  increase  and  the  central  irritability  like- 
wise— the  cause  of  the  repeated  spasms.*  The  adrenal  center's 
spurts  of  activity  are  obviously  for  the  time  being,  at  least,  in- 
adequate to  stem  the  tide.  Chloral,  or  either  of  the  above- 
named  agents,  by  depressing  the  activity  of  the  vascular  centers, 
will  cause  relaxation  of  all  the  arteries  of  the  body  and  pro- 


*  Author's  conclusion. 
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duce,  therefore,  an  accumulation  of  blood  in  the  greater  vessels, 

at  the  expense  of  the  capillaries.*    As  it  is  in  the  hepatic  and 

cutaneous  capillary  systems  that  the  antitoxic  process  is  mainly 

carried  on,  chloral  thus  facilitates  the  accumulation  of  toxins 

and  toxic  wastes  and  compromises  the  issue.* 

It  is  evident,  therefore,  that  vasodilator  remedies,  i.e., 

chloral,  the  bromides  or  veratrum  viride,  should  not  be  given 

when  the  temperature  is  low,  and  that  the  aim  should  be  to 

hasten  the  destruction  of  toxins  and  toxic  wastes  by  rapidly 

increasing  the  dose  of  serum,  thyroid  extract  or  other  remedies 

to  that  effect.*    To  antagonize  the  spasms,  amyl  nitrite  may  be 

used,  the  inhalation  of  a  few  drops  just  as  the  spasm  is  coming 

on  rarely  failing  to  arrest  it ;  its  action  being  ephemeral,  it  does 

not  antagonize  the  antitoxic  process  to  any  extent.* 

The  physiological  effects  of  ti.e  bromides  and  chloral  clearly  point 
to  the  recession  of  blood  from  the  periphery,  and  the  consequent  cutane- 
ous hypothermia.  "On  mammals,"  says  H.  C.  Wood,  "the  bromide  acts 
very  much  as  on  frogs,  inducing  progressive  paralysis,  depression  of  tem- 
perature, and  death  by  asphyxia  when  given  in  small  poisonous  doses." 
Of  chloral,  he  says:  "A  most  remarkable  action  of  chloral  is  on  the 
temperature;  in  this  point  all  observers  are  in  accord  with  Richardson, 

of  London,  who  has  seen  the  temperature  fall  6°  F.  in  a  rabbit  

Hammerstein  has  found  that  the  fall  of  temperature  is  very  rapid,  6°  C. 
in  an  hour,  and  that  it  occurs  in  animals  well  wrapped  up  and  laid  in 
a  warm  place."  Fortescue-Brickdale,""  referring  to  Ore's  treatment  of 
tetanus  by  very  large  doses  of  chloral  given  hypodermically,  states  that 
"in  all  about  30  to  40  cases  are  on  record,  but  the  dangers  of  the  method 
were  eventually  found  far  to  outweigh  its  usefulness."  Why  should 
such  doses  not  master  the  disease  if  all  that  is  necessary  is  to  prevent 
spasm?  The  mode  of  death  in  cases  thus  treated  answers  the  question. 
"Abbe's  patient,"  for  instance,  "became  cyanosed  after  one  injection  of 
lo  gm.  (150  grains),  and  after  consciousness  was  restored  died  in 
tetanic  spasms."  During  this  peaceful  sleep  toxins  and  toxics  had 
accumulated  to  such  a  degree  that  he  only  awoke  to  die. 

Chloral  may  be  used  to  advantage,  on  the  other  hand,  when 
the  temperature  is  high,  to  offset  the  excess  of  vasoconstriction 
which  crowds  the  blood  to  the  periphery  and  into  the  spinal  cells 
as  well.*  The  dose  should  be  regulated,  therefore,  not  with  the 
view  to  materially  reduce  the  temperature,  which  indicates  the 
presence  in  the  capillaries  of  an  abundance  of  auto-antitoxin, 
but  to  overcome  the  enormous  and  artificial  vascular  tension 
which  exposes  the  patient's  life,  especially  during  the  seizures.* 
Important  in  this  connection,  however,  is  the  fact  that  the  vas- 
cular centers,  owing  to  extreme  irritability,  do  not  yield  to  the 


*  Author's  conclusion. 
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influence  of  ordinary  doses;  20  grains  (1.3  gm.)  every  four 
hours  are  usually  required  to  produce  any  effect  in  an 
adult.  If  such  or  larger  doses  do  not  lower  the  temperature 
materially,  although  they  reduce  the  number  of  seizures,  they 
may  be  regarded  as  beneficial  without  interfering  with  the  cura- 
tive process.* 

The  resistance  of  tlie  vascular  centers,  when  hyperirritable,  to  the 
benumbing  effects  of  cliloral  is  illustrated  by  Maberly's""  successful  case, 
in  which  20  grains  (1.3  gin.)  every  three  hours  proved  futile.  On 
increasing  the  dose  to  00  gi-ains  (4  gin.),  however,  the  spasms  were  con- 
trolled without  reducing  the  temperature,  thus  showing  that  the  enor- 
mous vascular  tension  alone  had  been  mastered.  That  chloral  can  reduce 
the  temperature  in  tetanus  may  be  illustrated  by  Llewellyn's"'-  case,  in 
a  boy  aged  11  years,  in  which  20  grains  (1.3  gm.)  every  four  hours 
brought  the  temperature  from  103°  F.  (39.5°  C.)  to  below  101°  F. 
(38.5°  C. ),  "the  pulse  occasionally  dropping  to  nearly  80." 

The  same  principles  govern  the  use  of  the  bromides,  but  as 
these  salts,  when  given  in  large  doses,  also  depress  the  adrenal 
center,*  they  should  be  used  only  when  chloral  loses  its  effect. 
The  best  results  are  obtained  by  combining  the  potassium, 
ammonium  and  sodium  salts,  the  latter  forming  one-half  of  the 
dose.  Yeratrum  viride  is  endowed  with  properties  similar  to 
those  of  chloral  hydrate  and  does  not  depress  the  adrenal  cen- 
ter. Large  doses  are  also  required.  In  prescribing  this  remedy, 
the  fact  that  the  tincture  as  now  prepared  (1905  U.  S.  P.)  is 
four  times  weaker  than  formerly  should  not  be  overlooked. 
Curare  has  been  recommended  by  some  observers  and  con- 
demned by  others — owing,  doubtless,  to  the  very  unreliable 
preparations  available  in  the  average  shop.  This  applies  like- 
wise to  pliysostigma,  i.e.,  calabar  bean. 

In  the  case  of  a  boy  of  11  years,  Grinnell"''  found  hourly  doses  of 
the  older  tincture  ineffectual  with  similar  doses  of  the  fluid  extract  of 
gelsemium.  It  was  only  when  three  drops  of  each,  i.e.,  12  drops  of  the 
new  U.  S.  P.  tincture  of  veratrum,  were  given  hourly  that  the  spasms 
were  controlled,  the  case  ending  favorably. 

Drugs  Which  Control  Spasm  by  Causing  Constriction 
OF  THE  Peripheral  Arterioles. — The  drugs  are  useful  in  that 
they  increase  the  effects  of  those  just  reviewed.  When,  for  in- 
stance, chloral  has  depressed  the  vasomotor  centers  sufficiently 
to  cause  recession  of  the  peripheral  blood,  morphine  given  hypo- 

•  Author's  conclusion. 
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dermically  in  ordinary  doses  will  stimulate  the  sympathetic  cen- 
ter sufficiently  to  arrest  the  propulsive  activity  of  the  arterioles, 
and,  by  thus  reducing  the  caliber,  limit  still  further  the  quan- 
tity of  blood  admitted  into  the  capillaries.  When,  therefore, 
chloral  is  beginning  to  lose  its  effect  an  occasional  injection  of 
morphine  may  be  used  advantageously  to  sustain  it.  Antipyrin 
and  acetanilid  act  in  the  same  way. 

It  would  appear  as  if  the  central  erethism  would  render  small 
doses  of  morphine  adequate  to  stimulate  the  sympathetic  center;  but 
such  is  not  the  case.  Trousseau  and  Pidoux'"  many  years  ago  held  that 
large  doses  were  alone  effective.  This  is  readily  accounted  for,  however, 
when  the  marked  vascular  tension  present  in  tetanus  is  taken  into 
account.  Unless  violently  stimulated,  the  arterioles  cannot  contract 
upon  the  tense  arterial  column.  Hence  the  advice  I  submit,  to  give  it 
in  ordinary  doses,  but  only  after  the  arterial  tension  has  been  already 
reduced. 

EPILEPSY. 

Synonyms. — Falling  Sickness,  Falling  Evil,  Falling  Fits, 
Morbus  Sacer,  Morbus  Caducus. 

Definition. — Epilepsy,  a  chronic  disease  characterized  by 
periodical  convulsions  accompanied  usually  by  unconsciousness, 
is  due  to  inherited  or  acquired  hypoactivity  of  the  adrenal  sys- 
tem and  to  the  resulting  accumulation  of  toxic  wastes  in  the 
blood.  As  this  entails  a  marked  rise  of  vascular  tension,  an 
excess  of  blood  is  driven  into  all  capillaries,  including  those  of 
the  spinal  system  and  cortex.  Both  the  latter  being  thus  ren- 
dered hyperexcitable,  a  fit  occurs  when  this  hyperexcitability  is 
suddenly  increased  by  the  appearance  in  the  blood  of  an  excess 
of  auto-antitoxin,  the  result,  in  turn,  of  a  sudden  resumption 
of  defensive  activity  by  the  adrenal  system  when  the  blood  be- 
comes sufficiently  toxic  to  enforce  it.  The  fit  lasts  until  the 
toxic  wastes  are  converted  more  or  less  efficiently  into  harmless 
and  eliminable  end-products.* 

Symptoms  and  Pathology. — Three  types  are  recognized: 
minor  epilepsy,  or  petit  mal;  major  epilepsy,  or  haut  mal,  or 
grand  mal ;    and  Jacksonian  epilepsy. 

In  minor  epilepsy  there  may  be  a  brief  loss  of  consciousness, 
and  perhaps  slight  clonic  spasms  of  the  face  and  limbs,  but  only 
entailing,  as  a  rule,  a  temporary  cessation  of  the  conversa- 


*  Author's  definition. 

113  Trousseau  and  Pidoux:    "Traite  de  therapeutique,"  Paris,  1875. 
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tion  or  occupation  in  which  the  patient  may  be  engaged.  He 
suddenly  becomes  pale,  his  face  assumes  a  blank  expression,  but 
after  a  few  seconds  he  recovers  and  resumes  the  sentence  or  act 
he  had  begun  before  the  spell.  Occasionally  the  patient  falls 
into  coma  which  is  usually  attended  with  stertorous  breathing 
suggesting  apoplexy.  /  In  minor  epilepsy  clonic  convulsions  are 
never  witnessed. 

An  attack  of  major  epilepsy  is  sometimes  preceded  by  ring- 
ing in  the  ears,  tingling,  general  malaise,  epigastric  uneasiness, 
etc.,  but  a  common  prodrome  is  the  aura,  which  occurs  in  about 
one-half  of  the  cases.  This  may  consist  of  sensory  phenomena, 
i.e.,  pain,  sensations  of  heat  or  cold,  or  of  a  breeze  striking  an 
extremity  and  traveling  upward  towards  the  body;  or  of  aural, 
visual,  olfactory  or  gustatory  hallucinations,  such  as  roaring 
sounds,  flashes  of  light,  unpleasant  odors,  etc.  Or  again,  the 
aura  may  manifest  itself  by  motor  phenomena,  a  marked  tremor 
or  an  irresistible  tendency  to  use  the  muscles,  to  gesticulate  or 
to  run,  the  so-called  "procursive"  epilepsy.  Finally,  it  may  be 
attended  by  physical  phenomena ;  sudden  terrors,  mental  exuber- 
ance or  hallucinations  as  to  the  presence  of  strangers,  or  bear- 
ing upon  long-past  events,  etc.  The  aura  may  be  very  short, 
a  few  seconds,  or  endure  sufficiently  long  to  enable  the  patient 
to  protect  himself  against  the  oncoming  convulsion,  by  sitting 
or  lying  down.  In  rare  instances  it  lasts  thirty  minutes  or 
more. 

All  these  phenomena  clearly  betoken  erethism,  i.e.,  undue 
stimulation  of  the  motor  or  sensory  organs  involved.  The  aura 
is,  in  fact,  the  beginning  of  the  convulsive  paroxysm. 

Spratling"*  states  that  "there  is  a  growing  tendency  for  some  years 
past  to  regard  the  aura  as  essentially  constituting  a  part  of  the  epileptic 
fit,"  and  considers  it  as  such  himself,  advising,  moreover,  that  such 
cases  be  treated  accordingly.  This  conclusion  was  based  on  a  study  of 
1325  cases  at  the  Craig  Colony.    Of  these  45  per  cent,  had  auras. 

When  the  fit  begins  the  patient  usually  utters  a  loud  cry, 
due  to  sudden  contraction  of  the  muscles  of  the  chest  and  larynx. 
Three  symptoms  occur  simultaneously  at  this  time,  i.e.,  the 
"epileptic  cry,"  unconsciousness  and  fall — the  patient  dropping 
like  a  log.  A  tonic  spasm  of  all  the  flexors  follows :  the  legs 
being  extended,  the  fingers,  hand,  forearm  flexed,  the  head 


"*  Spratling:   Med.  News,  July  18,  1903. 
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thrown  back  and  turned  to  one  side;  the  eyes  also  turn  np  or 
aside.  This  rigid  state  of  all  the  muscles  lasts  usually  but  a 
few  seconds. 

The  transition  from  the  state  of  rigidity  to  that  of  clonic 
spasm  is  usually  marked  by  a  momentary  tremor.  When  the 
true  fit  begins  the  extremities  are  thrown  about  violently,  suffi- 
ciently so  at  times  to  produce  dislocations.  The  head  is  tossed 
from  side  to  side,  the  eyes  roll  in  their  orbits,  the  lids  open  and 
close  rapidly  and  the  tongue  is  protruded  and  withdrawn,  pro- 
vided it  is  not  caught  between  the  teeth  by  the  jaws,  whose  mus- 
cles are  likewise  contracted  with  violence — causing  disfiguring 
distortions.  The  bitten  tongue  often  causes  the  saliva,  itself 
converted  into  foam  by  the  churning  to  which  it  is  submitted, 
to  become  streaked  with  blood,  and  the  patient  is  said  to  "froth 
at  the  mouth."  The  urine  and  faeces  are  sometimes  involun- 
tarily voided,  owing  to  contractions  of  the  intestinal  walls.  The 
pallor  of  the  clonic  stage  has  now  disappeared  and  becomes  re- 
placed by  a  dusky,  cyanotic  hue,  the  features  being  swollen,  and 
usually,  as  is  the  case  with  the  rest  of  the  body,  covered  with 
sweat. 

This  paroxysm  only  lasts,  as  a  rule,  a  couple  of  minutes. 
The  violence  of  the  contractions  becomes  gradually  less,  and  the 
patient  lapses  into  a  comatose  state  attended  by  stertorous  breath- 
ing. Finally  he  falls  into  a  deep  sleep.  On  waking,  some  lassi- 
tude and  muscular  pain  may  be  complained  of,  but  on  the  whole, 
the  patient,  recollecting  nothing  of  the  paroxysm,  seems  hardly 
to  have  suffered  from  the  experience.  Occasionally  the  full  re- 
turn to  consciousness  is  preceded  by  "postepileptic  states,"  dur- 
ing v/hich  the  patient  may  perform  automatic  acts,  undressing, 
etc.,  such  as  those  ascribed  to  somnambulism.  He  may  also 
become  suddenly  maniacal  and  violent,  sufficiently  so  at  times 
to  commit  murder.  Marked  weakness,  paresis,  tremor,  aphasia 
and  kindred  nervous  phenomena  may  also  be  witnessed,  but 
these  rarely  last  more  than  a  few  hours. 

These  attacks  occur  with  more  or  less  frequency.  From  the 
practically  continuous  paroxysms,  lasting  hours  and  even  days, 
constituting  the  status  epilepticus,  during  which  the  patient  may 
die  of  exhaustion,  to  the  rare  instances  in  which  years  elapse 
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between  the  fits,  there  are  gradations  innumerable.  In  the  ma- 
jority of  cases,  however,  they  occur  at  intervals  of  a  few  days. 

A  Jacksonian  paroxysm  is  often  preceded  by  an  aura,  which 
may  be  motor,  such  as  tremor  or  rapid  contractions  of  the  toe, 
thumb,  etc.,  first  affected,  or  sensory,  tingling,  parsesthesia,  etc. 
The  special  senses  may  also  be  the  source  of  phenomena  such 
as  those  witnessed  in  the  aura  of  major  epilepsy.  The  tonic 
phase  of  the  latter  form  is  also  present,  but  to  a  very  limited 
degree,  and  may  not  occur  at  all. 

While  the  spasm  may  be  restricted  to  a  limited  number  of 
muscles  corresponding  with  a  given  cortical  lesion,  the  irrita- 
tion of  the  latter  often  spreads  to  contiguous  motor  areas,  so 
that  several  groups  of  muscles  may  be  involved.  It  may  thus 
creep  up  the  arm  to  the  shoulder  and  face,  and  involve  the  whole 
side  of  the  body;  or  up  the  leg,  the  body,  and  face;  or,  again, 
begin  at  the  face  and  proceed  downward.  Finally,  it  may  be- 
come general,  when  a  typical  attack  of  major  epilepsy  occurs. 
While  this  gradual  progression  occurs,  the  patient  remains  con- 
scious and  it  is  only  when  certain  regions,  including  the  face, 
are  involved,  that  consciousness  is  lost.  After  the  paroxysm, 
which  lasts  but  three  to  five  minutes,  the  region  affected  may 
be  numb  and  paralyzed  and  remain  so  from  a  few  hours  to  sev- 
eral days.    After  a  time  this  may  become  permanent. 

Etiolo^  and  Pathogenesis. — The  tonic  spasm  is  produced 
in  the  same  manner  as  the  corresponding  though  more  severe 
spasm  of  tetanus*  (q.v.).  Instead  of  terminating  as  such,  how- 
ever, it  soon  lapses  into  the  typical  epileptic  paroxysm,  the 
clonic  fit. 

The  impulses  which  cause  clonic  convulsions  are  primarily 
derived  from  the  cerebral  cortex,  the  spinal  system  being  used 
as  the  mechanical  intermediary  for  their  production,  and  are  of 
the  nature  of  voluntary  impulses  to  the  spinal  system.* 

A  striking  feature  of  this  stage  is  the  similarity  of  the  movements 
to  those  carried  on  voluntarily.  Thus,  to  turn  the  eyes  from  one  direc- 
tion to  the  other,  to  throw  the  head  backward,  to  bend  and  unbend  the 
arm  at  the  elbow,  are  all,  at  other  times,  voluntary  movements.  The  per- 
formances during  the  postepileptic  states,  which  M.  Allen  Starr  termed 
"psychical  equivalents,"  also  point  to  the  source  of  the  impulses  that 
evoke  the  movements,  namely,  the  cortex.  As  I  have  pointed  out  else- 
where, the  latter  does  this  only  by  exciting  the  appropriate  cells  in  the 


*  Author's  conclusion. 
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spinal  system,  the  sole  source  of  motor  impulses.  Indeed,  Prus"°  has 
shown  that  excitation  of  the  cortex  caused  typical  convulsions  even  after 
division  of  the  pyramidal  tracts,  the  impulses  passing  by  way  of  the  teg- 
mentum and  pons — a  conclusion  confirmed  experimentally  by  Bisehoff,"' 
Hering"*  and  others.  Long  before,  in  fact,  Magnan"^^  had  caused  epilep- 
tic seizures  in  animals  depi'ived  of  their  hemispheres,  while  Vulpian'^" 
had  been  led  to  conclude  by  a  series  of  experiments  that  the  center  for 
epileptic  convulsions  was  located  at  the  base  of  the  brain.  It  is  evident, 
therefore,  that  the  basal  structures  can  provoke  clonic  as  well  as  tonic 
spasms. 

The  persistence  of  clonic  convulsions  after  division  of  the  pyramidal 
tracts  simply  shows  that  these  represent  but  a  portion  of  the  link-sys- 
tem between  the  brain  and  the  spinal  cord,  and  that  impulses  from  the 
cortex  can  excite  the  upper  extension  of  the  cord  in  the  third  ventricle. 
Where  they  reach  the  basal  cells  is  suggested  by  one  of  Bischoff's  con- 
clusions, namely,  that  "after  destruction  of  the  optic  thalamus,  the  hypo- 
thalamic region  and  the  pyramidal  path  on  one  side,  faradic  irritation 
of  the  homolateral  motor  cortex  remains  without  effect."  As  we  have 
seen,  it  is  in  the  hypothalamic  region  that  the  cortical  paths  meet  those 
from  the  pituitary  body,  which  pass  downward  and  finally  reach  the 
cord.  In  the  normal  animal,  including  man,  of  course,  the  entire  spinal 
gray  matter  receives  spasmogenic  impulses  from  the  cerebrum. 

The  clonic  convulsions  are  the  result  of  a  temporary  and 
intense  hyperaemia  of  the  cerebral  cortex,  due  in  turn  to  gen- 
eral vasoconstriction.*  The  cortex  being  a  sensory  organ,  this 
marked  congestion — during  vphich  the  speed  of  the  blood-streams 
is  greatly  increased — provokes  a  storm  of  impulses  to  the  spinal 
system — itself  hyperaemic  and  oversensitive — which  the  spinal 
motor  cells  convert  into  motor  impulses  and  transmit  to  the 
muscles  (which  are  also  hypergemic  and  overexcitable),  thus 
inciting  the  clonic  fit.* 

The  neuroglia  being  plasma  capillaries,*  they  bear  the 
brunt  of  the  excessive  blood-pressure  to  which  the  nervous  ele- 
ments are  submitted,*  and  if  the  disease  is  not  treated  early, 
more  or  less  extensive  gliosis  occurs  and  the  chances  of  recovery 
are  correspondingly  reduced. 

As  I  have  pointed  out,"*  the  neuroglia  fibers  and  cells  are  channels 
for  blood-plasma  containing  adrenoxidase  granules.  Pierce  Clark  and 
Prouf^^  recently  wrote:  "The  neuroglia  hyperplasia  in  epilepsy  is  now 
almost  constantly  found.  With  improved  methods  and  technique  it  will 
probably  be  demonstrated  in  every  case  of  considerable  duration." 
Chaslin,*^'  who  first  pointed  out  this  condition,  ascribed  it  to  a  constitu- 
tional vice  of  development,  but  the  identity  of  neuroglia  fibers  as  capil- 

*  Author's  conclusion. 

"«  Prus:    Wiener  klin.  Woch.,  Bd.  xi.  S.  857,  1898. 
1"  Bischoff :    Ibid.,  Bd.  xii,  S.  961,  1899. 
"8  Hering:    IhUl.,  Bd.  xii,  S.  831,  1899. 

"»Magnan:   Arch,  de  physiol.  norm,  et  path.,  vol.  v,  p.  115,  1873. 
"»Vulpian:    C.  r.  de  I'Acad.  des  sci.,  Apr.  27,  1885. 
Ci.  this  vol.,  chapter  fifteenth. 

Pierce  Clark  and  Prout:   Amer.  Jour,  of  Insanity,  vol.  Ix,  p.  645,  1904. 
i^Chaslin:   Arch,  de  med.  exper.  et  d'anat.  path.,  vol.  iii,  p.  305,  1891. 
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laries  alone  accounts  logically  for  it.  Many  investigators,  Fere,  Kop- 
pen,  Hohne,  Bratz,  Anglade^-*  and  others,  have  confirmed  Chaslin's  obser- 
vation. Victor  Horsley  has'^"  emphasized  the  importance  of  congestion 
of  the  cortical  mantle  in  the  production  of  fits.  Fere  and  Chaslin,  Pierce 
Clark  and  others  found  diffuse  gliosis  in  cases  of  long  standing.  Ito'-' 
produced  typical  fits  in  guinea-pigs  by  causing  traumatic  hypersemia  of 
the  cortex. 

The  participation  of  the  vasomotor  system,  as  shovra  by  the  gen- 
eral vasoconstriction,  is  as  clear.  Spitzka,  in  1881,  attributed  the  fit  to 
the  "explosive  activity  of  an  unduly  irritable  vasomotor  center,"  and 
epilepsy  is  now  commonly  referred  to  as  a  "functional  vasomotor  dis- 
ease." A  continuous  rise  of  pressure  during  the  fit  was  noted  by 
Frangois-Franck  and  Pitres.  The  speed  of  the  blood-stream  is  greatly 
increased  at  this  time — three  to  five  times  in  the  muscular  vessels, 
according  to  HilP' — an  index  of  the  violence  of  the  cortical  circulation. 
Even  the  skin  shov^^s  evidence  of  this  sometimes  by  minute  capillary 
hffimorrhages,  as  observed  by  Aldrich'^  and  others.  Weber,^-"  moreover, 
found  vascular  lesions  and  extravasations  in  the  cortex  and  medulla  of 
cases  of  status  epilepticus,  so  great  had  been  the  capillary  pressure — 
the  identical  pressure  which  projects  the  blood-plasma  into  the  neuroglia 
fibers.* 

Chaslin  always  found  the  hyperplasia  most  advanced  in  the  super- 
ficial layer  of  the  cortex,  though  it  involved  the  subjacent  strata.  Bloeq 
and  Marinesco^'"  found  as  the  most  constant  lesion  in  the  psycho-motor 
zone  of  nine  cases,  vascular  alterations  and  hyperplasia  of  the  neuroglia, 
associated  with  punctiform  haemorrhages  in  other  parts  of  the  nervous 
system  in  every  instance.  The  cortex  being  regarded  as  a  sensory 
organ,  its  uppermost  layer  thus  becomes  the  most  active  in  the  pro- 
duction of  the  convulsions.  Indeed,  Prus"-  found  that  even  electrical 
excitation  of  the  cortex  could  not  provoke  fits  after  the  application  of 
a  cocaine  solution  had  anaesthetized  its  surface,  thus  identifying  the 
cerebral  gray  matter  as  the  source  of  the  spasmogenic  impulses. 

The  excessive  vasoconstriction  and  rise  of  blood-pressure 
which  gives  rise  to  this  cortical  hypersemia,  is  due  to  irrita- 
tion of  the  vasomotor  and  sympathetic  centers  by  toxic  waste- 
products.*  Epileptic  convulsions  differ  from  convulsions  pro- 
duced by  many  exogenous  poisons  (strychnine,  for  instance)  in 
that  they  are  due  to  poisons  formed  in  the  body.* 

"Certain  drugs,  notably  absinthe,"  writes  Schafer,"^  "produce,  when 
injected  into  the  vascular  system,  convulsive  attacks  which  are  scarcely 
distinguishable  from  the  epileptic  fits  provoked  by  stimulation  of  the 
cortex  cerebri."  That  all  such  drugs  provoke  a  marked  rise  of  the  blood- 
pressure  may  be  shown  by  comparison  with  a  few  of  the  many  other 
spasmogenic  agents.  Thus,  while  absinthe  was  found  to  cause  intense 
congestion  of  all  organs  examined  by  Pauly  and  Bonne,'^''  Wood''*  states 

*  Author's  conclusion. 

i-*Anglade:   Arch,  de  neurol.,  2  serie,  vol.  xiii,  p.  418,  1902. 

Victor  Horsley:    Brit,  Med.  Jour.,  Apr.  2,  1892. 
i=»Ito:    Deut.  Zeit.  f.  Chir.,  Bd.  Hi,  S.  417,  1899. 
^mU:   Schafer's  "T.  B.  of  Physiol.,"  vol.  it,  p.  155,  1900. 
"SAldrich:   Med.  News,  May  26,  1900. 
^  Weber:    Wiener  med.  Woch.,  Bd.  xlix,  S.  158,  1899. 
ISO  Blocq  and  Marinesco:    Semaine  med.,  vol.  xii,  p.  445,  1892. 
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Pauly  and  Bonne:   Gaz.  hebd.  de  m6d.  et  de  chir.,  May  13,  1897. 
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that  "the  full  dose  of  strychnine  produces  a  rise  of  the  arterial  pressure 
which  is  enormously  increased  during  the  convulsion."  He  also  refers^^ 
to  the  observation  of  Bezold  and  Bloebaum,  "that  when  a  small  dose  of 
atropine  is  injected  into  the  carotid  arterj' — that  is.  near  the  vasomotor 
centers — ,"  he  adds,  "there  is  an  instantaneous  rise  of  blood-pressure" — 
"a  great  rise,"  as  he  afterwards  says.  Cocaine,  as  shown  by  Von  Anrep, 
causes  "convulsive  movements  of  cerebral  origin,"  which  "are  arrested 
by  section  of  the  spinal  cord;"  Wood  also  says:  "Certainly  the  evidence 
is  overwhelming  that  cocaine  directly  increases  the  blood-pressure."  The 
fits  are  precisely  those  of  epilepsy;  the  syndrome  is  known  as  "cocaine 
epilepsy."  Alcohol  can  likewise  produce  both  minor  and  major  epilepsy. 
Wood  and  Hoyt"^"  concluded,  after  a  recent  experimental  study,  that  the 
excitement  it  caused  was  due  to  the  "enormously  increased  flow  of  blood 
running  riot  through  the  cerebrum." 

L.  Pierce  Clark,'^  after  a  study  of  150,000  seizures,  we  have  seen, 
concluded  that  "we  must  see  the  principle  of  pathogenesis  in  an  initial 
toxin  or  autointoxication,"  i.e.,  "an  accumulation  of  waste-products." 
Van  Gieson''"  and  other  authorities  have  also  noted  greater  frequency 
of  fits  during  gastro-intestinal  disturbances  and  constipation,  the  blood 
at  the  time  being  especially  toxic.  This  view,  which  has  a  large  number 
of  supporters,  is  sustained  by  the  beneficial  eff'ect  of  appropriate  dietetic 
measures.  The  relation  between  epilepsy  and  other  disorders  attributed 
to  toxic  wastes  points  in  the  same  direction.  Spiller,""  Bernhardt"'  and 
others  have  laid  stress  on  its  relationship  with  migraine,  Trowbridge'" 
with  chorea,  etc. 

When  the  antitoxic  powers  of  the  blood  are  taken  into  account, 
however,  it  becomes  evident  that  only  very  toxic  fluids  derived  from 
epileptics  will  prove  pathogenic  in  experimental  animals.  Herter,'"  for 
instance,  obtained  results  in  rabbits  difi'ering  but  little,  if  at  all,  from 
those  produced  by  normal  blood,  with  defibrinated  blood  taken  from 
epileptics,  but  when  he  used  blood-serum  of  exceptional  toxicity  obtained 
from  an  epileptic  with  prolonged  headaches,  habitually  an  overfeeder  at 
meals  and  with  congested  face  and  conjunctivw,  10  c.c.  (2V2  drachms) 
sufficed  to  kill  rabbits  in  45  minutes,  after  the  animals  had  had  tonic 
and  clonic  spasms  and  become  somewhat  cyanotic.  Krainsky"*  produced 
characteristic  seizures  in  rabbits  in  two  and  three  minutes,  and  several 
recurrences,  with  blood-servim  obtained  by  cupping  from  a  case  in  status 
epilepticus.  Savary  Pearce  and  Boston"'*  found  that  several  injections 
of  blood  fropi  an  epileptic  into  rabbits  caused  an  enormous  leucocytosis, 
reaching  in  one  instance  162,800  per  cm. — a  proof  that  the  adrenal  sys- 
tem was  violently  stimulated. 

The  toxic  substances  which  incite  the  convulsions  are  formed 

when  the  breaking  down  of  the  worn-out  chromatin  of  tissue-cells, 

the  tissue-proteid,  etc.,  is  not  carried  to  a  finish,  i.e.,  when  this 

process  is  not  sufficiently  active  to  lead  up  to  the  formation  of 

benign,  eliminable  substances — urea  and  uric  acid,  etc.,  the 

normal  end-products.*    But  it  is  only  when  this  accumulation 

*  Author's  conclusion. 

"8  Wood:   Loc.  cit.,  thirteenth  edition,  p.  171,  1906. 

Wood  and  Hoyt:    Memoirs  National  Acad,  of  Sci.,  vol.  v,  1905. 

L.  Pierce  Clark:    Med.  News,  July  18,  1903. 

Cited  by  House:    Buffalo  Med.  Jour.,  June,  1898. 
i<»Spiller:    Amer.  Jour.  Med.  Sci.,  Jan.,  1900. 
1"  Bernhardt:    Deut.  Aerzte  Zeit.,  July  15,  1900. 
142  Trowbridge:    Alienist  and  Neurologist,  Jan.,  1892. 
i"Herter:    Jour,  of  Nerv.  and  Mental  Dis.,  Feb.,  1899. 
"iKrai'nsky:    Wiener  klin.  Woch.,  Bd.  xi,  S.  185,  1898. 

Savary  Pearce  and  Boston:   Medicine,  Feb.,  1904. 


EPILEPSY. 


1461 


has  readied  a  certain  degree  that  epileptic  seizures  occur;  thus, 
it  may  only  be  sufficient  to  give  rise  to  the  tonic  spasm,  i.e., 
minor  epilepsy ;  or  it  may  exceed  this  limit  and  produce  clonic 
convulsions,  major  epilepsy.* 

Such  being  the  case,  it  is  evident  that  the  cause  of  the  dis- 
ease is  deficient  activity  of  the  process  through  which  the  worn- 
out  living  tissues  are  broken  down.  This  process  being  carried 
out  by  trypsin,  whose  activity  is  governed  by  the  heat-energy 
it  receives  through  the  interaction  of  nuclein  and  adrenoxidase, 
it  follows  that  insufficiency  of  either  of  these  bodies  underlies 
the  morbid  process.  It  cannot  be  the  nuclein,  since  this  is  de- 
rived from  the  food.  The  production  of  the  tissue-ferment — 
or  rather  of  the  proferment — by  the  pancreas  being  proportion- 
ate with  the  secreting  activity  of  this  organ,  and  this  function 
in  turn  being  governed  by  the  proportion  of  adrenoxidase  in  the 
blood,  we  are  brought  to  inadequate  activity  of  the  adrenal  sys- 
tem as  the  primary  cause  of  epilepsy.* 

This  insufficiency  of  the  adrenal  center  is  thus  pathogenic 
in  two  ways :  it  entails  (1)  imperfect  cataholism  and  the  result- 
ing accumulation  of  toxic  wastes  in  the  blood;  (2)  inadequate 
conversion  of  these  poisons  in  the  blood  and  liver  into  elimin- 
able  products,  i.e.,  imperfect  protection  of  the  organism.* 

This  does  not  mean,  however,  that  the  test-organ  does  not 
respond  to  the  stimulating  influence  of  the  circulating  poisons : 
it  only  fails  to  do  so  adequately.*  Accustomed  to  the  presence 
of  tissue-wastes,  and  even  to  that  of  these  particular  poisons 
in  the  blood  circulating  through  it,  it  responds  only  when  these 
have  accumulated  in  great  quantities,  and  then,  by  a  spurt  of 
activity  which  soon  recedes,  relieves  the  blood  of  at  least  some 
of  its  spasmogenic  toxics  by  increasing  markedly  the  produc- 
tion of  auto-antitoxin.*  These  exacerbations  of  activity  coin- 
cide with  the  convulsions.* 

Briefly,  the  accumulation  of  toxic  wastes  in  the  blood  vio- 
lently stimulates  the  three  general  centers  of  the  hlood-vascular 
system,  the  sympathetic,  vasomotor  and  adrenal  centers,  simul- 
taneously, and  although  the  role  of  the  adrenal  center  is  a 
protective  one,  it  is  to  this  collective  action  that  the  convulsions 
are  due.* 
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Waste-products,  we  have  seen,  are  thought  by  many  observers  to 
provoke  epileptic  seizures.  The  identity  of  the  specific  agent  is  not 
established,  hovv'ever.  Haig  incriminated  uric  acid,  but  his  view  has  not 
been  sustained.  As  previously  stated,  uric  acid  is  a  benign  end-product. 
Krai'nsky'^"  attributed  the  fits  to  a  diminution  of  the  uric  acid  formed, 
the  true  spasmogenic  substance  being  an  intermediate  product  essential 
to  the  formation  of  uric  acid,  i.e.,  ammonium  carbonate.  It  proved  not 
only  highly  toxic,  but  it  produced,  when  injected  in  animals,  typical 
epileptic  seizures.  Inouye  and  Saiki"'  attribute  them  to  a  dextro-rota- 
tory lactic  acid  found  increased  in  the  blood  after  severe  attacks,  and 
which  unites  with  urea  to  form  dialuric  acid,  then  uric  acid.  Both  these 
views  are  sustained  by  an  exhaustive  study  of  Herter  and  Smith,^**  in 
which  they  found  an  excess  of  uric  acid  in  the  urine  only  after  the  con- 
vulsions. Teeter"*  also  found  that  it  contained  a  larger  amount  of  urea 
than  during  the  intervals,  when  it  was  very  low.  Raehford,  in  1895, 
ascribed  migraine,  "migrainous"  epilepsy  and  other  periodical  affections 
to  paraxanthin  poisoning.  The  poisonous  ptomaine  cholin,  found  by 
Mott  and  Halliburton  in  blood  and  cerebro-spinal  fluid  in  cases  of  nerv- 
ous disease,  has  also  been  considered  as  the  spasmogenic  agent  by 
Donath,""  Coriat""^  and  others.  When  we  consider  that  nervous,  hepatic, 
muscular  and  other  heterogeneous  tissues  are  all  the  seat  of  imperfect 
catabolism  and  other  facts,  however,  it  is  probable  that  the  convulsions 
are  caused  by  several  poisons  acting  more  or  less  collectively.*  Thus, 
Ohlmacher'^"  ifound  a  persistent  thymus  in  several  cases;  Murdoch'"  and 
others  have  cured  cases  that  were  clearly  due  to  gastro-intestinal  dis- 
orders, etc. 

The  connection  with  the  anterior  pituitary  body,  as  adrenal  cen- 
ter, is  suggested  in  various  ways.  We  have  seen  that  removal  of  the 
pituitary  or  of  the  adrenals  provokes  convulsions.  Langlois''^*  long  ago 
showed  that  the  adrenals,  in  some  unexplained  way,  "annihilated  the 
toxic  substances  produced  in  the  course  of  chemical  exchanges."  He 
concluded  that  "there  was  every  reason  to  suppose,  however,  that  it  was 
through  an  oxidation  process."  With  adrenal  secretion  as  the  basis  of 
oxidase,  we  have  a  clear  index  in  the  fact  that  while  there  are  frequently 
abnormally  low  temperatures  during  health,  as  observed  by  Lemoine  and 
others,  a  rise  occurs  during  seizures  which  sometimes  is  very  great. 
Charcot,  Bourneville  and  others  have  laid  stress  on  this  feature.  Clark 
and  Prout''^=  found  that  in  status  epilepticus,  the  height  of  the  curve 
corresponded  with  the  severity  of  the  attack,  sometimes  reaching  107° 
or  108°  F.  (41.6°  or  42.2°  C. ).  This  applies  to  ordinary  cases  as  well; 
thus  Benedikt"^"  reported  a  case  in  which  it  sometimes  rose  to  109.4°  F. 
(42.8°  C).  If  this  is  connected  with  an  antitoxic  process,  an  intercur- 
rent disease,  by  raising  the  functional  activity  of  the  test-organ  (which 
fails  to  respond  promptly  only  to  the  physiological  poisons  to  which  it 
has  become  habituated),  should  prove  beneficial.  Hippocrates,  Van 
Swieten,  Esquirol  and  other  masters  have  laid  stress  on  the  favorable 
influence  of  various  diseases  on  epilepsy.  Recent  writers.  Fere,  Voisin, 
Lannois,  Lenoir"'  and  others  have  done  likewise.    Hessler"*  and  Lan- 
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nois"^  have  even  used  bacterial  injections  on  this  plea.  Pierce  Clark 
and  Sharp""  have  found,  however,  that  a  temporary  improvement  is  all 
that  is  obtained  by  an  intercurrent  disease — which  means,  interpreted 
from  my  standpoint,  that  the  adrenal  system,  whipped  up  for  a  while, 
soon  lapses  again  into  its  lazy  habits. 

The  main  predisposing  causes  of  idiopathic  epilepsy  are  such 
as  tend  to  inhibit  the  functional  efficiency  of  the  anterior  pitu- 
itary body's  test-organ.*  The  preponderance  of  this  disease  dur- 
ing youth  is  due  mainly  to  one  of  two  causes:  (1)  numerous 
diseases  during  childhood,  which  tend  to  debilitate  this  organ 
by  stimulating  excessively  the  pituitary  body  and  through  it  the 
adrenals  during  development;  (2)  inherited  general  debility 
through  the  presence  in  parents  of  diseases  or  habits,  such  as 
tuberculosis,  syphilis,  alcoholism,  etc.,  which  tend  to  impair  to  a 
marked  extent  the  test-organ's  sensibility.*  Epilepsy  may  also 
follow  typhoid  fever,  influenza  and  other  diseases,  owing  to  this 
morbid  influence  on  this  organ. 

Over  twenty  years  ago  I^'^  emphasized,  after  studying  40  cases,  the 
predisposing  importance  of  numerous  children's  diseases  to  hay-fever, 
a  disease  due  also  to  the  accumulation  of  toxic  wastes  in  the  blood.  Out 
of  19  of  these  cases  in  which  no  heredity  could  be  traced,  82  per  cent, 
had  had  four  children's  diseases,  while  many  of  these,  i.e.,  55  per  cent, 
of  the  total,  had  had  six.  Bessiere,'^"^  in  a  series  of  carefully  analyzed 
eases  of  major  epilepsy,  could  only  ascribe  one-sixth  to  hereditary 
influence,  while  in  the  other  152  cases  infectious  diseases  and  convul- 
sions showed  "an  enormous  preponderance  in  the  antecedents."  .... 
"The  infectious  process,"  says  this  observer,  "leaves  on  the  organism  a 
profound  impression,  the  nature  of  which  is  still  to  be  determined." 
Out  of  2000  cases  studied  by  M.  Allen  Starr,"^  68  per  cent,  had  epilepsy 
before  twenty  years  of  age,  i.e.,  "during  brain  development."  The  neural 
portion  of  the  pituitary  body  being  an  embryological  ofl'shoot  of  the 
brain-segment,  it  follows  that  it  must  participate  in  the  morbid  process. 
Indeed,  the  relationship  between  this  organ  and  the  osseous  system  is 
well  shown  by  the  overgrowth  of  bones  attending  its  overactivity  in 
acromegaly;  that  the  opposite  condition  exists  in  epilepsy  is  evident. 
Gowers"**  found  a  history  of  rickets  in  nearly  75  per  cent,  of  100  cases 
studied. 

The  transmission  of  epilepsy  has  been  affirmed  by  Obersteiner^"''  and 
others,  but,  from  my  viewpoint,  the  patient  inherits  only  a  depraved 
condition  of  the  test-organ.  Hence  the  fact  that  experimental  epilepsy 
in  guinea-pigs,  as  noted  by  several  investigators,  has  failed  to  sustain 
Obersteiner's  view.  The  predisposing  influence  of  debilitating  diseases, 
tuberculosis,  syphilis,  alcoholism,  etc.,  in  parents  is  generally  acknowl- 
edged, and  is  readily  accounted  for  by  the  morbid  action  of  such  diseases 
iq.v.)    on  the  pituitary  body.    Examples  in  which  various  diseases 
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started  epilepsy  are  numerous.  Bourneville  and  DardeP"  observed  a 
case  in  which  typhoid  fever  caused  both  epilepsy  and  idiocy  in  a  pre- 
viously normal  subject.  In  one  of  Gelineau's'"  it  followed  influenza. 
In  one  reported  by  Clark  and  Sharp"^"*  measles  converted  an  ordinary 
epilepsy  into  status  epilepticus,  etc. 

Emotional  shock  and  fright,  by  imposing  too  suddenly  a 
severe  stress  upon  the  cellular  elements  of  the  posterior  pituitary 
(as  sensorium  commune),  may  also  provoke  typical  epilepsy,  by 
impairing  permanently  their  sensitiveness.*  A  constant  flow  of 
impulses  from  the  periphery  may  initiate  the  form  known  as 
"reflex"  epilepsy  by  fatiguing  the  organ's  nerve-cells  and  sim- 
ilarly depressing  its  sensibility  to  impressions  received  through 
the  anterior  lobe  and  awakened  by  blood  containing  physiological 
waste-products.*  The  convulsions  are  caused  by  these  wastes 
precisely  as  in  typical  cases  of  epilepsy,  both  in  the  reflex  form 
and  in  that  due  to  emotions,  the  former  ceasing  when  the  peri- 
pheral exciting  cause  is  removed.* 

Spratling"*  states  that  emotional  shock  and  fright  as  causes  of 
epilepsy  do  not  receive  the  attention  they  should.  In  1323  cases  he 
traced  62  to  this  cause,  some  supervening  immediately.  Females  around 
puberty  predominate.  In  the  2000  cases  studied  by  M.  Allen  Starr,""  119 
were  due  to  fright.  The  intense  pallor,  the  relaxation  of  sphincters,  the 
fainting,  etc.,  often  witnessed  under  such  conditions  exemplify  the  inten- 
sity of  the  shock  upon  the  true  sensorium  commune,  i.e.,  the  neural  lobe 
of  the  pituitary,  especially  its  sympathetic  center. 

As  to  reflex  epilepsy,  Brubaker"'  collected  15  cases  n  which  irrita- 
tion of  the  dental  nerve,  diseased  or  misplaced  teeth  caused  epilepsy. 
Cases  cured  by  the  removal  of  aural  growths  or  carious  ossicles,  etc., 
have  been  numerous.  Ranney,"^  Gould"'  and  others  have  reported  cases 
cured  by  correcting  defects  of  accommodation.  Kafemann"*  found  ade- 
noids frequently  in  epileptics.  Recently,  St.  Clair  Thomson™  reported 
a  case  six  years  after  cessation  of  the  seizures,  cured  by  the  removal  of 
adenoids.  Intestinal  worms,  phimosis,  vesical  and  renal  calculi,  scars, 
etc.,  and  many  other  morbid  conditions  may  thus  provoke  epilepsy  by 
control  irritation  transmitted  by  afferent  sensory  nerves,  the  fifth  pair 
in  the  case  of  the  head.  A  typical  form  of  reflex  epilepsy  is  that  due 
to  nasal  exostoses,  hypertrophies,  etc.  We  have  seen  that  Prus,  by 
anesthetizing  the  cortex  with  cocaine,  prevented  the  fits  caused  by  local 
excitation.  Ten  SiethofT""  arrested  oncoming  fits  in  a  man  who  had  had 
epilepsy  20  years,  by  applying  a  10-per-eent.  solution  of  cocaine  to  the 
nasal  mucous  membrane;  removal  of  neoplastic  tissue  therein  cured  the 

*  Author's  conclusion. 

Bourneville  and  Dardel:    Progr&s  medical,  vol.  xxvi,  p.  26,  1898. 
"'Gelineau:    Independ.  medicale,  Mar.  21,  1900. 
1"'  Clark  and  Sharp:    Loc.  cit. 

Spratling:    Amer.  Medicine,  Sept.  16,  1905. 
"0  M.  Allen  Starr:   Loc.  cit. 

"1  Brubaker:    Jour,  of  Nerv.  and  Mental  Dis.,  Feb.,  1888. 
"2Ranney:    N.  Y.  Med.  Jour.,  Feb.  3,  10,  17,  1894. 
1"  Gould:    Amer.  Medicine,  July  5,  1902. 

"*Kafemann:  Sarasohn:  Dissert.  Konigsberg;  Inter.  Centralbl.  f.  Laryn., 
Rhin.,  u.  verwandte  Wissen.,  Nov.,  1895. 

St.  Clair  Thomson:    Practitioner,  May,  1905. 
178  Ten  Siethoff:   Ann.  des  mal.  de  I'oreille,  du  larynx,  etc.,  July,  1895. 


EPILEPSY. 


1465 


ease.  Similar  instances  have  been  reported  by  others.  Now,  Cyon,  we 
have  seen,  observed  tliat  immediately  after  removal  of  the  pituitary  body 
any  amount  of  irritation,  even  ammonia,  failed  to  excite  reflex  reactions 
which  before  the  operation  were  readily  obtained. 

Jacl'sonian  epilepsy  differs  from  major  epilepsy  in  that  the 
cortex  is  the  seat  of  a  circumscribed  lesion  which,  when  hyper- 
aemia  of  the  brain  of  the  kind  Just  described  occurs,  serves  as 
a  local  excitant.  The  cerebral  lesion  being  localized,  the  im- 
pulses transmitted  to  the  cord  cause  it  to  provoke  clonic  con- 
vulsions only  in  the  group  of  muscles  over  which  the  area  in- 
volved presides.  So  true  is  this  that  if  the  starting  point  of 
the  premonitory  tingling  or  numbness  be  carefully  noted,  i.e., 
a  toe,  the  fingers,  the  face,  etc.,  Seguin's  "signal  symptoms,"  the 
location  of  the  cerebral  lesion  may  be  exactly  determined  (cere- 
bral localization),  and  the  offending  structure — a  glioma,  scle- 
rotic patches,  tumors,  a  syphilitic  gumma,  depressed  bone,  etc., 
in  the  motor  zone  in  the  great  majority  of  instances. 

In  such  cases  the  lesion  acts  as  a  foreign  body,  against 
which,  when  undue  hyperasmia  of  the  brain  occurs,  the  cortex  is 
projected  and  subjected  to  localized  pressure  and  irritation — 
the  spasmogenic  factor.* 

The  evidences  of  secondary  hypersemia  are  also  present  in  such 
cases  at  the  site  of  the  cortical  lesion.  Thus  Joseph  Collins'"  found  in 
excised  cortical  tissue  not  only  distention  of  the  vessels  with  thickening 
and  infiltration  of  their  walls,  but  also  proliferation  of  neuroglia.  That 
marked  vascular  tension  prevails  is  shown  by  occasional  occurrence  of 
cerebral  htemorrhage  in  young  subjects,  as  in  a  case  reported  by  Strup- 
pler;"*  the  presence  of  congestion  is  shown  by  the  choked  disk,  as  in 
eases  reported  by  Burr  and  W.  J.  Taylor,""  evidence  that  we  have  here 
also  the  required  pressure  to  engorge  the  neuroglia.  From  this  to  the 
formation  of  sclerosis  there  is  but  a  step.  Thus,  Anglade"*"  never  found 
the  neuroglia  normal,  and  in  some  regions  it  had  proliferated  in  the 
form  of  plaques,  i.e.,  areas  of  sclerosis. 

Treatment. — The  prevailing  medicinal  treatment  of  epilepsy 
may  be  said  to  resolve  itself  into  the  use  of  depresso-motors  to 
prevent  the  convulsions.  In  the  light  of  the  foregoing  evidence 
these  agents,  while  reducing  the  number  of  seizures,  simultane- 
ously aggravate  the  morbid  process.* 

Measures  Which  Tend  to  Enhance  the  Accumulation 
OF  Waste-products  in  the  Blood. — Bromide  Salts. — The  pri- 

*  Author's  conclusion. 

Joseph  CoUins:   Brain,  vol.  xix,  p.  366,  1896. 
"8  struppler:    Deut.  med.  Woch.,  Bd.  xxvi,  S.  191,  1900. 

Burr  and  Taylor:   Amer.  Jour.  Med.  Sci.,  July,  1902. 
180  Anglade :   Loc.  cit. 
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mary  action  of  these  salts  is  to  depress  the  functional  activity  of 
the  general  vasomotor  center,  producing  thereby  relaxation  of  all 
the  arteries.*  By  thus  causing  the  blood  to  accumulate  in  the 
great  central  trunks,  the  proportion  of  blood  circulating  in  the 
capillaries  of  all  organs  and  the  periphery  is  correspondingly 
reduced  and  the  activity  of  intracellular  metabolism  is  lowered 
in  proportion.*  This  morbid  process  is  aggravated  by  the  fact 
that  the  bromides  simultaneously  reduce  the  sensibility  of  the 
adrenal  center.*  By  thus  diminishing  the  quantity  of  adrenal 
secretion  supplied  to  the  blood,  they  impair  its  catabolizing 
properties,  and  inhibit,  therefore,  the  conversion  of  toxic  wastes 
into  eliminable  products.*  These  pathogenic  influences  are  pro- 
portionate, all  else  being  equal,  with  the  quantity  administered 
in  a  given  time. 

The  action  of  the  bromides  on  the  vasomotor  center  has  been 
shown  in  the  department  of  Pharmacodynamics.  The  paralyzing  action 
on  the  adrenals  is  sufficient  in  some  instances  to  cause  bronzing  similar 
to  that  of  Addison's  disease.  Bourneville  and  Chapotin*^*'  refer  to 
Echeverria,'^"  "who  saw  a  case  in  which  the  brow  and  neck  were  markedly 
pigmented  brown,"  and  to  cases  witnessed  by  Voisin;  in  one  of  these 
"the  skin  of  the  face  was  a  dark,  dirty  yellow,"  in  the  other  it  was 
"covered  with  bronze  patches  having  no  connection  with  the  acne." 
The  harmful  effects  of  the  bromides  are  being  generally  recognized. 
F.  Peterson^*'  has  reported  11  cases  in  which  withdrawal  or  marked 
reduction  of  the  drug  was  followed  by  great  diminution  of  the  number 
of  seizures.  "In  some  of  these  cases,"  says  this  neurologist,  "the  im- 
provement is  startling."  Spratling,'"  after  close  study  of  the  results  in 
several  thousand  cases  at  the  Craig  Colony,  concludes  that  "we  must 
not  only  regard  the  bromides  as  powerless  to  cure  epilepsy,"  but  also 
"as  capable  of  doing  as  much  harm  as  they  do  good,  as  they  are  ordi- 
narily administered."  Moreover,  as  Percy  Bryanf rightly  states,  the 
bromides  have  added  another  disease  in  many  epileptics,  i.e.,  bromism. 

The  bromides  have  been  administered  with  adonis  vernalis,  as 
Bechterew's  method,  and  with  digitalis,  as  recommended  by  Huehard; 
but  the  recession  of  the  blood  from  the  tissues,  caused  by  the  bromides, 
thwarts  the  effects  of  these  agents,  and  the  cases  on  record  do  not  seem 
to  have  afforded  results  other  than  those  afforded  by  the  salts  them- 
selves in  corresponding  doses. 

Other  Drugs  Which  Tend  to  Inhibit  Tissue  Metabolism. — 
Many  such  have  been  and  are  being  used.  Their  main  action  is  alone 
given  in  this  connection,  the  reader  being  referred  to  the  department  of 
Pharmacodynamics  for  additional  details  and  evidence.  Chloral,  chlora- 
lose  and  paraldehyde  are  even  more  pernicious  than  the  bromides,  since 
they  depress  primarily  the  adrenal  center  and  therefore  the  activity  of 
tissue  metabolism  and  oxidation  in  the  blood-stream.    Sulphonal  and 


*  Author's  conclusion. 

Bourneville  and  Chapotin:   Progr6s  med.,  vol.  xxlx,  p.  1,  1900. 
"2  Echeverria:    Phlla.  Med.  Times,  Nov.  23,  30;  Dec.  7,  14,  1872. 
"3  F.  Peterson:   N.  Y.  Med.  Jour.,  Sept.  25,  1897;  Amer.  Medicine,  June  24, 
1905. 

i8<  Spratling:   N.  Y.  Med.  Jour.,  Aug.  19,  1905. 
186  Percy  Bryant:    State  Hosp.  Bull.,  Oct.,  1896. 
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irlonal  produce  similar  effects  in  a  different  way:  being  active  reducing 
agents,  they  diminish  the  oxygenizing  and  oxidizing  (antitoxic)  power  of 
the  blood,  by  robbing  it  of  its  oxygen.  They  inhibit  the  seizures  by 
reducing  the  vital  activity  of  all  organs,  including  the  nerve-centers. 

Opium,  used  in  increasing  doses,  as  in  Flechsig's  method,  some- 
times diminishes  the  number  of  seizures.  It  does  this  by  causing  con- 
striction of  the  arterioles,  thus  reducing  the  speed  of  the  blood  supplied 
to  the  nervous  system,  as  well  as  to  other  tissues.  Cellular  metabol- 
ism, as  observed  by  Reichert,  is  reduced  from  26  to  62  per  cent.  Anti- 
pyrin,  acetanilid  and  kindred  coal-tar  products  reduce  the  fits  in  some 
cases.  They  do  so,  however,  as  do  opium  and  morphine,  by  causing 
constriction  of  the  arterioles.  The  lowered  metabolism  induced  by  these 
agents  is  shown  by  the  effects  of  large  doses,  i.e.,  cyanosis. 

The  bromides  and  other  depressants  have  their  place  in  the 
treatment  of  epilepsy,  however,  as  shown  below,  but  only  to 
counteract  the  excessive  irritability  of  the  general  vasomotor 
center,  while  other  measures  are  employed  to  antagonize  the 
pathogenic  elements  in  all  idiopathic  cases,  i.e.,  the  poisons  in 
the  blood-stream.* 

Dechlorinization. — Withholding  common  salt  from  the 
diet  of  patients  (used  to  render  them  more  susceptible  to  the 
effects  of  the  bromides)  is  not  to  be  recommended,  even  though 
temporary  benefit  follow,  this  benefit  being  due  to  impairment 
of  the  osmotic  properties  of  the  blood  and  of  the  vital  processes 
in  which  sodium  fulfills  an  important  role.  Metabolism  being 
retarded,  nutrient  materials  accumulate  in  the  blood  and  ulti- 
mately lead  to  additional  disorders.* 

The  influence  of  common  salt  on  osmosis  is  well  known;  Jacques 
Loeb'^°  has  shown  that  "the  Na  ions  of  the  blood  as  well  as  of  the  sea- 
water  are  essential  for  the  maintenance  of  life-phenomena."  Dechlorin- 
ization cannot,  therefore,  but  deteriorate  the  body.  Tliis  was  illustrated 
in  30  cases  carefully  studied  five  months  by  J.  Voisin,  R.  Voisin  and 
Krantz.'*'  At  first  the  seizures  were  fewer,  but  the  patients  relapsed 
into  their  usual  state.  Marked  anorexia  appeared,  the  patients  having 
to  force  themselves  or  be  forced  to  take  food.  Then  followed  melan- 
cholia, confusion,  hallucinations  of  sight,  taste,  etc.,  the  patients  fear- 
ing that  they  were  being  poisoned.  In  addition,  there  were  dyspepsia, 
fatigue,  lumbar  and  muscular  pain.  Schloss'*®  and  others  had  already 
observed  that  under  this  treatment  the  patients  became  weaker.  Con- 
versely, Enriquez  and  Grenet'™  found  that  the  addition  of  large  doses  of 
sodium  chloride  during  four  months  diminished  the  intensity  and  number 
of  attacks.  C.  H.  Hughes^""  has,  however,  correctly  emphasized  the  fal- 
lacy of  dechlorinization  as  a  therapeutic  measure. 


*  Author's  conclusion. 

Jacques  Loeb:   Studies  in  General  Physiol.,  Pt.  ii,  p.  556,  1905. 

J.  Voisin,  R.  Voisin  and  Krantz:  Bull,  et  mem.  de  la  Soc.  m€d.  des 
hop.  de  Paris,  vol.  xxi,  p.  1215,  1904. 

is^Schloss:    Wiener  klin.  Woch.,  Bd.  xiv,  S.  1124,  1901. 

Enriquez  and  Grenet;   Arch.  gen.  de  med.,  vol.  cxclil,  p.  380,  1904. 
100  C.  H.  Hughes:   Med.  Fortnightly,  Feb.  11,  1907. 
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Measures  Which  Tend  to  Prevent  the  Formation  of 
Toxic  Wastes. — Diet. — In  the  light  of  the  conclusions  sub- 
mitted in  the  foregoing  pages,  it  becomes  evident,  in  this  connec- 
tion, (1)  that  while  any  food  ingested  is  converted  into  nucleo- 
proteid  granules,  we  are  dealing  mainly  with  poisons  formed 
during  the  breaking-down  of  worn-out  living  substances,  i.e., 
during  catabolism;  and  (2)  that  these  poisons  form,  owing  to 
insufficiency  of  those  constituents  of  the  blood  which  carry  on 
catabolism  and  destroy  the  toxic  wastes  in  the  blood*  This, 
in  turn,  suggests  as  a  fundamental  principle,  the  imperative  need 
of  equipoise  between  these  properties  of  the  blood  and  the  food- 
intake.  In  the  majority  of  cases  the  latter  is  excessive,  and  the 
cellular  elements  are  burdened  with  proteids  which  cannot  be 
completely  converted  into  eliminable  products.  The  blood, 
therefore,  is  loaded  with  substances  which  irritate  the  vasomotor 
center  and  thus  provoke  the  seizures.* 

The  practical  indication  is  obvious,  namely:  to  allow  the 
patient  only  the  quantity  of  food  strictly  necessary  to  the  needs 
of  the  body.  Indeed,  neurologists  of  wide  experience  have  found 
that  the  best  results  are  obtained  when  the  food  consists  mainly 
of  cereals,  milk,  fruits  and  butter.  Some  include  eggs,  but 
others  object  to  them.  Meat,  if  allowed  at  all,  should  be  strictly 
limited  to  the  midday  meal,  and  even  then  in  small  quantities. 
Fats,  fried  foods  and  pastry  often  prove  harmful.  Stimulants 
which  tend  primarily  to  cause  a  rise  of  the  blood-pressure,  i.e., 
alcohol,  coffee  and  tea,  should  not  be  allowed.*  Gastro-intestinal 
disorders  sometimes  suffice  to  awaken  the  disease.  Appropriate 
treatment,  including  daily  colon-flushing  with  normal  saline  solu- 
tion, has  proven  curative  in  such  cases. 

This  represents  the  teachings  of  experience  based  on  thousands  of 
cases  treated  collectively.  Yet  experimental  dietetics  sometimes  point 
in  other  directions.  Schloss,"^  for  instance,  divided  16  cases  into  four 
groups:  two  of  these  were  given  meat  exclusively  six  weeks,  and  a  milk- 
and-vegetable  diet  during  the  succeeding  six  weeks.  During  the  meat 
period  the  seizures  were  fewer  thi'n  before;  during  the  milk-and-vegetable 
period  they  increased.  The  reason  for  this  suggests  itself :  the  nueleo- 
proteid  obtained  from  meat  onh/  was  not  equal  to  that  of  the  milk  and 
vegetables,  while  the  nuelein  intake  was  greater.  As  a  result  the  phos- 
phorus liberated  during  catabolism  was  relatively  greater,  and  being 
added,  on  reaching  the  blood  (via  the  lymphatics)  to  the  phosphorus- 
laden  nuelein  in  the  auto-antitoxin,  increased  the  plasma's  proteolytic 


*  Author's  conclusion. 
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and  therefore  antitoxic  activity.  Indeed,  Dana'°^  gives  glycerophosphates 
among  other  remedies,  while  J3.  Smith'"'  has  used  pure  phosphorus  with 
advantage.  The  conclusion  reached  by  some,  that  these  and  similar  ex- 
periments indicate  that  patients  should  not  be  deprived  of  meat  is  errone- 
ous, however,  for  it  is  because  Schloss's  patients  were  placed  on  an  abso- 
lute meat  diet,  that  they  were  benefited.  Meat  given  besides  other  foods 
cannot  but  aggravate  the  disease,  in  accord  with  the  teachings  of  exper- 
ience. 

Alcohol  and  absinthe  are  recognized  vasomotor  stimulants  and  con- 
vulsivants,  and  abstinence  therefrom,  as  shown  by  Forel  and  others,  have 
proved  curative.  Fleury'"*  cites  several  cases  in  which  the  cessation  of 
alcohol  and  reduction  of  the  diet  alone  very  markedly  reduced  the  number 
of  seizures — the  lapse  in  one  instance  being  three  years — although  the 
treatment  had  not  been  modified.  Tea  was  found  by  Haig,""*  and  cofi'ee 
by  Marburg,'""  to  aggravate  the  disease. 

Drugs  Which  Tend  to  Increase  the  Destruction  of 
Toxic  Wastes. — These  agents  all  act  by  stimulating  the  test- 
organ,  and  therefore  by  increasing  the  blood's  proteolytic 
activity. 

Thyroid  and  Parathyroid  Extract. — Thyroid  extract  is  use- 
ful especially  in  young  subjects  (doiibtless  because  gliosis  is  less 
apt  to  be  present),  owing  to  its  direct  action  on  the  anterior 
pituitary  body  as  the  physiological  stimulant  of  this  organ.* 
It  not  only  increases,  through  the  adrenals,  the  proportion  of 
adrenoxidase  in  the  blood,  but  also,  and  through  this  action, 
that  of  auto-antitoxin.  All  the  antitoxic  powers  of  the  blood, 
phagocytic  and  plasmatic,  being  enhanced,  the  toxic  wastes  are 
more  perfectly  destroyed.* 

In  epilepsy,  small  doses  are  alone  effective,  since  large  doses, 
by  too  rapidly  increasing  the  formation  of  adrenoxidase,  cause 
excessive  metabolic  activity  in  all  tissues  and  an  augmentation 
of  wastes.*  The  dose  should  not  exceed  1  grain  (0.065  gm.)  of 
thyroid  extract  to  begin  with,  and  be  slowly  increased  if  need  be, 
until  not  more  than  3  grains  (0.19  gm.)  are  taken  three  times 
daily,  after  meals.  If  extract  of  parathyroid  is  used,  ^/^^  grain 
(0.0016  gm.)  should  be  the  initial  dose,  gradually  increased  to 
V20  grain  (0.0032  gm.).* 

No  depressants  should  be  given  at  the  same  time,  since  they 
tend  to  antagonize  the  action  of  these  extracts  by  reducing  the 
sensibility  of  the  test-organ.   As  the  bromides,  especially  sodium 

*  Author's  rnnrJiiajcn. 

Dana:    Med.  Record,  May  13,  1905. 
™B.  Smith:    Texas  Med.  Jour.,  Aug..  1891. 
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or  strontium  hromide,  only  do  so  when  given  in  full  doses,  how- 
ever, 10  to  15  grains  (0.64  to  1  gm.)  may  be  given  on  retiring, 
to  control  the  irritability  of  the  vasomotor  center,  while  the 
cause  of  this  irritability  is  being  counteracted  by  the  thyroid 
extract.*  The  bromide  salt  may  be  combined  with  5  grains 
(0.3  gm.)  of  acetanilid. 

Under  "Haemophilia,"  the  increase  of  oxidase  caused  by  small 
doses  (3  grains — 0.19  gm. )  t.i.d.  of  thyroid  extract  is  graphically  illus- 
trated by  tests  in  several  cases  treated  by  W.  J.  Taylor.  That  it  can 
counteract  convulsions  has  been  emphasized  mainly  by  experimental 
physiologists.  "In  some  animals,  as  in  most  earnivora,"  says  Chitten- 
den,^" "complete  removal  of  the  thyroid  tissue  is  followed  by  a  rapid 
development  of  symptoms  indicating  a  marked  irritation  of  the  nervous 
and  muscular  systems,  as  manifested  by  tetanus,  epileptiform  convul- 
sions, etc.,  and  terminating  in  death."  Thyroid  extract,  as  is  well  known, 
cuts  short  these  convulsions,  the  animal  suffering  in  no  way  as  long  as 
it  is  administered.  By  stimulating  the  adrenal  center,  it  enhances  the 
production  of  oxidase  and,  therefore,  that  of  auto-antitoxin.  Browning'™ 
caused  cessation  of  convulsions  in  three  young  epileptics,  two  of  whom 
suffered  from  rickets  and  the  third  from  "disturbed  metabolism,"  by 
giving  grain  (0.048  gm. )  doses  of  thyroid  extract  twice  daily.  He 
states  that  these  cases  "are  due  to  or  associated  with  disturbances  in  the 
general  metabolism  of  the  body"  and  refers  to  them  as  "pseudo-epilepsy." 
All  cases  of  idiopathic  epilepsy  should  be  considered  in  the  same  light 
if  the  term  "pseudo-epilepsy"  were  warranted  at  all,  since,  as  we  have 
seen,  Pierce  Clark  and  others  ascribe  the  disease  to  "an  accumulation 
of  waste-products."  Browning's  cases  were  bona  fide  cases  of  epilepsy, 
and  what  they  do  teach  is  that  small  doses  of  thyroid  extract  are  alone 
indicated.  These,  however,  as  my  o-wn  observations  have  shown,  must 
be  very  gradually  increased  according  to  the  effect  on  the  patient.  I 
usually  begin  with  one  grain  (0.065  gm. )  at  each  meal,  giving  a  small 
dose  of  sodium  bromide  on  retiring  at  first,  if  necessary,  and  gradually 
reducing  the  dose,  until  none  is  given  at  all.  Some  eases  are  benefited 
by  larger  doses  of  thyroid.  Thus,  in  a  case  treated  by  a  colleague, 
under  my  supervision,  the  nurse,  through  a  misinterpretation  of  instruc- 
tions, doubled  the  dose;  the  result  was  considerable  improvement.  In 
adults,  however,  as  it  did  in  cases  reported  by  Clarke'™  and  Bourneville,^" 
it  failed  to  arrest  the  seizures.  In  fact,  in  the  last-named  neurologist's 
cases,  it  increased  the  number  of  seizures.  But  the  cause  of  this  is  evi- 
dent: the  extract  was  administered  in  full  doses,  and  excessive  metabol- 
ism was  produced,  causing  an  excessive  production  of  wastes.  As  the 
cases  were  adults,  diffuse  gliosis  may  have  been  present,  recovery  being 
then  impracticable.  It  is  in  young  subjects  that  the  best  results  are 
obtained  with  thyroid  extract  used  as  above.  Professor  Osborne,  of 
Yale,™'  wrote  recently:  "I  have  now  on  my  records  a  number  of  cases 
of  epilepsy  treated  successfully  with  thyroid.  My  attention  was  first 
drawn  to  the  use  of  this  preparation  in  epilepsy  by  several  cases  occuring 
in  women  at  the  time  of  the  menopause,  the  attacks  shovdng  a  suggestive 
periodicity ....  I  found  that  I  could  control  and  prevent  the  epileptic 
attacks  as  well  with  thyroid  as  could  be  done  with  bromides,  and  with 
much  better  results  to  the  system." 

*  Author's  cortchision. 
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Sodium  Salicylate  and  Salicin. — The  salicylates  increase 
very  actively  the  elimination  of  urea  and  uric  acid,  by  actively 
stimulating  the  adrenal  center.  Moreover,  they  excite  abnor- 
mally the  sympathetic  center  and  cause  constriction  of  the  peri- 
pheral arterioles  and,  therefore,  reduce  the  convulsions  by  limit- 
ing the  cerebro-spinal  hyperaemia.  In  adults  15  grains  (1  gm.) 
of  sodium  salicylate  or  salicin  5  grains  (0.3  gm.)  may  be  given 
three  times  daily,  giving  a  small  dose  (10  grains — 0.64  gm.) 
sodium  bromide  at  bedtime. 

The  salicylates  have  been  recommended  by  Haig^*^  and  used  with 
advantage,  but  with  potassium  iodide.  William  Pepper  likewise  used  the 
salicylates  with  success.  A  number  of  cases  have  been  reported  in  which 
it  reduced  the  number  of  seizures.  W.  J.  Vincent,^"*  in  a  severe  and 
carefully  studied  case,  in  which  all  familiar  remedial  measures  had  been 
tried,  arrested  the  seizures  (nine  months'  test)  with  salicin  5  grains 
(0.3  gm.)  three,  then  five  times,  in  the  twenty-four  hours.  Other  cases 
were  benefited. 

Other  drugs  which  tend  to  enhance  catabolism  and  the  de- 
struction of  wastes  are  digitalis  and  strophanthus,  adonis  ver- 
nalis,  iodide  of  sodium,  and  hiniodide  of  mercury.  Their  actual 
value  will  only  be  ascertained  when  given  alone,  i.e.,  reserving 
depressants  for  the  night.  For  the  latter  purpose  bromipin,  a 
brominized  oil  of  sesamum,  has  been  recommended  in  lieu  of 
the  bromides;  antipyrin,  acetanilid,  and  urethan  likewise.  The 
centers  seem  to  lose  their  sensitiveness  to  remedies  sooner  in 
epilepsy  than  in  other  diseases,  and  a  change  of  drugs  often 
results  in  temporary  improvement. 

An  alkaline  laxative,  preferably  the  citrate  of  magnesia, 
every  other  week,  aids  materially  all  the  foregoing  measures.* 

Treatment  op  Status  Epilepticus.— In  this  condition  the 
main  cause  of  the  paroxysms  is  the  intense  vascular  pressure, 
caused  by  a  more  or  less  great  accumulation  of  toxic  wastes. 
Here  the  bromides  are  of  value  when  injected  subcutaneously  in 
the  back,  just  below  the  angle  of  the  scapula,  30  grains  (2  gms.) 
of  sodium  bromide  dissolved  in  one  ounce  (28  gms.)  of  sterile 
water  being  used  repeatedly  if  need  be.  Amyl  nitrite  inhala- 
tions, which  cause  temporary  paresis  of  the  vasomotor  center 
and  relaxation  of  all  the  arteries,  while  useful  to  abort  ordinary 
attacks  when  used  during  the  aura,  are  seldom  effective  in  status, 

*  Author's  ronrlusion. 

Haig:  "Uric  Acid  as  a  Factor  in  the  Causation  of  Disease,"  London,  1892. 
w.  J.  Vincent:   Jour,  of  Mental  Sci.,  Apr.,  1904. 
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but  used  in  addition  to  the  bromide  injections,  prove  efficient. 

Blood-letting  has  been  higlily  recommended;  hypodermoclysis 

suggests  itself  as  a  valuable  measure  used  immediately  after  the 

bleeding  to  aid  in  the  elimination,  through  the  marked  diuresis 

it  provokes,  the  elimination  of  waste-products. 

The  use  of  sodium  bromide  as  above  was  found  highly  useful  in 
the  Mass.  Hospital  for  Epileptics  by  Morton  and  Hodskins.-"*  They 
also  administer  prophylatic  injections  of  20  minims  each  (in  all  12 
grains)  when  two  seizures  occur  in  succession.  Chloroform  is  sometimes 
recommended,  but  Pierce  Clark""^  states  that  chloroform  should  never  be 
used  during  the  sleep  or  stupor  stage  of  the  access,  as  it  may  cause  coma 
and  even  death.  According  to  Bondurant,^""  the  best  single  remedy  for 
status  epilepticus  is  blood-letting. 

Treatment  of  Jacksonian  and  Reflex  Epilepsy. — When 
the  lesion  in  Jacksonian  epilepsy  can  be  clearly  located,  the 
sooner  operative  procedures  are  resorted  to  the  better.  As  a 
period  of  improvement  follows  almost  any  procedure,  prudence 
in  predicting  a  cure  is  desirable. 

All  cases  of  epilepsy  should  undergo  a  very  careful  examin- 
ation lest  any  organ  of  special  sense  be  the  source  of  reflex  seiz- 
ures. Any  abnormal  condition  should,  if  possible,  be  corrected, 
even  if  it  happen  not  to  be  the  spasmogenic  factor,  since  it 
always  tends  to  aggravate  the  disease. 

EPILEPTOID  DISORDERS. 

Infantile  Eclampsia  or  Convulsions. — The  seizures  of 
this  disorder,  which  resemble  those  of  epilepsy,  are  ascribable 
to  a  similar  morbid  process,*  autotoxins  being,  as  a  rule,  derived 
from  the  gastro-intestinal  canal.  They  may  also  be  due  to  gen- 
eral hypocatabolism,  however,  as  is  observed  in  children  suffer- 
ing from  rickets;  or,  they  may  occur  as  an  intercurrent  symp- 
tom of  acute  infections,  where  they  are  caused  by  the  inability 
of  the  adrenal  system  to  cope  successfully  with  the  aggregate  of 
detritus,  wastes,  etc.,  which  appear  in  the  blood  under  such  con- 
ditions.* The  paroxysms  may  be  brought  on  by  reflex  action, 
through  dentition,  precisely,  as  we  have  seen  under  Epilepsy,  as 
is  the  case  under  the  influence  of  nasal  growths,  phimosis,  etc., 
i.e.,  through  irritation  of  the  corresponding  centers  in  the  pos- 
terior pituitary.* 

*  Author's  conclusion. 

2"*  Morton  and  Hodskins:    Boston  Med.  and  Surg.  Jour.,  June  15,  1905. 
«is  Pierce  Clarlc:    Pediatrics,  Au!?.  15,  1897. 

Bondurant:    Amer.  Jour,  of  Insanity,  July,  1894. 
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The  medicinal  treatment  of  infantile  convulsions  is,  on  the 
whole,  similar  to  that  of  the  disorders  studied  in  this  chapter. 
An  important  feature,  however,  is  the  careful  search  for  condi- 
tions, such  as  the  teething,  phimosis,  rickets,  etc.,  and  their  elimi- 
nation as  pathogenic  factors.  The  convulsive,  i.e.,  epileptic, 
habit  may  be  developed  in  children  left  untreated,  since  repeated 
hypersemia  of  the  neuroglia*  may  provoke  a  gliosis  and  place  the 
case  beyond  our  aid. 

PUERPERAL  ECLAMPSIA. 

Synonyms. — Puerperal  Convulsions;  Child-bed  Fits. 

Definition. — Puerperal  eclampsia,  an  acute  disorder  of  preg- 
nancy and  parturition  characterized  by  periodical  convulsions, 
is  due  to  an  accumulation  of  toxic  wastes  in  the  blood,  owing  to 
inability  of  the  adrenal  system  to  convert  the  excess  of  wastes 
incident  upon  the  foetus,  into  benign  and  eliminable  end-pro- 
ducts. As  these  toxic  wastes  provoke  inordinate  vascular  ten- 
sion, an  excess  of  blood  is  driven  into  all  capillaries,  including 
those  of  the  spinal  system  and  cortex.  Both  the  latter  being 
thus  rendered  hyperexcitable,  a  convulsion  occurs  when  this 
hyperexcitability  is  suddenly  increased  by  the  appearance  in  the 
blood  of  an  excess  of  auto-antitoxin,  the  result,  in  turn,  of  a 
sudden  resumption  of  defensive  activity  by  the  adrenal  system 
when  the  blood  becomes  sufficiently  toxic  to  enforce  it.  The 
convulsion  lasts  until  the  toxic  wastes  are  converted  more  or 
less  efficiently  into  harmless  and  eliminable  end-products.** 

Symptoms  and  Pathology. — The  symptomatology  of  puer- 
peral eclampsia,  as  regards  the  convulsions,  closely  resembles  that 
of  epilepsy.  It  may  be  divided  into  three  stages:  (1)  the  inva- 
sion. (2)  a  short  period  of  tonic  spasm,  and  (3)  the  period  of 
clonic  convulsions. 

The  period  of  invasion  is  generally  attended  (besides  other 
phenomena  reviewed  under  "Etiology  and  Pathogenesis")  with 
a  severe  frontal  headache,  sudden  flashes,  more  or  less  blurred 
vision,  vertigo,  and  mental  torpor  or  excitement.  The  tempera- 
ture gradually  rises  and  the  pulse  and  heart-beat  become  steadily 
stronger.   Nausea  and  vomiting  may  also  occur,  the  patient  com- 


•  Author's  conclusion. 
** Author's  definition. 
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plaining  of  pain  in  the  epigastrium.  More  or  less  severe  chills 
mark  the  approach  of  the  seizure  in  most  cases. 

The  tonic  spasm  may,  however,  occur  suddenly,  i.e.,  without 
warning,  and  is  usually  very  brief.  The  eyes  remain  wide-open 
and  staring,  the  pupils  being  dilated,  the  face  is  very  pale  and 
consciousness  is  lost.  The  spasm  consists  in  pronation  and 
supination  of  the  forearms,  the  fingers  being  tightly  closed 
around  the  thumbs,  and  rigidity  of  the  legs.  The  head  and 
mouth  are  drawn  to  one  side,  generally  the  right,  the  breath  is 
"held"  through  arrested  action  of  the  respiratory  muscles,  and 
opisthotonos  may  occur.  The  tonic  spasm  may  appear  alone, 
and  recur,  thus  constituting  the  only  form  of  convulsion  wit- 
nessed.  As  a  rule,  however,  it  lapses  into  the  clonic  seizure. 

The  onset  of  the  clonic  stage  is  marked  by  a  change  in  the 
appearance  of  the  patient,  the  face  becoming  deeply  congested, 
tumefied,  then  cyanotic.  The  eyeballs,  fixed  before,  now  move 
.rapidly  from  side  to  side,  the  lids  closing  and  opening  rapidly, 
the  pupils,  from  dilated,  becoming  contracted.  The  muscles  of 
the  face  and  jaws  are  violently  contracted,  the  tongue  being 
sometimes  severely  bitten ;  the  patient  foams  at  the  mouth,  and 
the  head  is  tossed  or  rolled  from  side  to  side  with  great  rapidity 
and  violence.  All  the  extremities  are  thrown  around  vigorously 
and  rapidly  flexed  and  extended,  the  back  being  arched  in  opis- 
thotonos or  to  the  side.  The  respiration  is  markedly  impeded 
and  often  stertorous ;  the  pulse  and  heart  at  first  beat  slowly  and 
forcibly,  the  veins  of  the  neck  being  turgid  and  distended,  but 
later  on  the  cardiac  action  may  become  irregular.  The  tempera- 
ture in  most  cases  rises  to  104°  F.  (40°  C.)  ;  in  some  it  may 
reach  much  higher,  i.e.,  110°  P.  (43.3°  C). 

After  a  period  varying  from  one-half  to  three  minutes  the 
paroxysm  loses  its  violence,  and  the  patient  falls  into  a  coma 
or  a  deep  sleep.  Sometimes  a  new  paroxysm  recurs  while  the 
patient  is  still  comatose,  and  is  followed  by  others  in  more  or 
less  rapid  succession.  Earely,  the  patient  dies  during  the  first 
coma.  In  favorable  cases,  the  seizures  become  less  frequent  or 
cease  immediately  after  delivery. 

Etiology  and  Pathogenesis. — The  convulsions  are  due,  as 
in  epilepsy,  to  irritation,  by  blood-poisons,  of  the  vasomotor  and 
sympathetic  centers.   All  the  vessels  of  the  body  being  violently 
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contracted,  a  wave  of  blood  is  forced  into  all  capillaries,  includ- 
ing the  cellular  elements  and  neuroglia  of  the  cerebro-spinal 
sj'stem.*  The  activity  of  the  cortex  as  a  sensory  organ  being 
suddenly  enhanced,  a  flood  of  impulses — of  the  voluntary  type — 
is  transmitted  to  every  portion  of  the  spinal  system  and  the 
seizure  occurs.* 

The  arterial  pressure  is  so  intense  that  the  capillaries  are 
sometimes  found  ruptured,  hsemorrhagic  lesions  being  found 
even  in  the  placenta.  This  violent  hypersemia  is  the  cause  of 
the  great  fatality  of  eclampsia  to  the  infant.* 

The  kinship  between  epilepsy  and  eclampsia  is  so  close  that  some  au- 
thors, Osthoff  and  Lantos,""'  for  instance,  consider  the  latter  as  an  acute 
form  of  epilepsy.  Others,  again,  compare  it  to  hystero-epilepsy.  Oliver™* 
reported  a  fatal  case  of  epilepsy  in  a  young  puerperal  patient  with  no 
antecedent  history  of  the  disease. 

That  a  marked  and  widespread  vascular  constriction  and  general 
capillary  hj'peraemia  are  present  has  been  conclusively  demonstrated. 
Not  only  does  the  facial  congestion,  the  engorged  veins  of  the  surface, 
betoken  the  presence  of  these  conditions,  but  as  observed  by  Lubarsch,™' 
multiple  hiemorrhages  are  to  be  found  in  every  part  of  the  body:  the 
liver,  kidneys,  stomach,  large  intestine,  endocardium,  lungs,  etc.,  and 
in  the  pia  mater  and  cortex.  SchmorP'"  also  found  punctiform  haemor- 
rhage of  meninges  and  cortex,  and  moreover  of  the  central  ganglia. 
Similar  lesions,  as  to  the  cortex,  were  noted  by  Leusden,-"-  who  also 
observed  many  ruptured  capillaries,  the  blood  flowing  in  the  surrounding 
tissues,  forming  clots.  Massen^'-  found  the  veins  of  various  regions 
completely  thrombosed,  and  also  "considerable  dilatation  of  the  cerebral 
capillaries,"  the  blood  having  been  forced  into  them,  doubtless  by  the 
constricted  arteries.  All  organs  showed  hsemorrhagic  lesions  of  some 
kind.  Cassaet  and  Chambrelent-'^  found  hsemorrhagic  lesions  in  the 
still-born  infants  similar  to  those  of  the  mother,  and  ascribe  to  this 
cause  the  great  mortality  of  infants  in  eclamptics.  The  hepatic  lesions 
of  eclampsia  have  also  received  considerable  attention  from  Jiirgens,-'* 
Klebs,  Pilliet,-''  Bouffe  de  St.  Blaise  and  others,  since  all  found  in  this 
organ  hsemorrhagic  and  embolic  foci.  Finally,  Blumreich  and  Zuntz-^° 
found  experimentally  that  the  brain  of  pregnant  animals  was  much  more 
susceptible  to  irritation  than  that  of  non-pregnant  ones. 

We  thus  have  ample  testimony  to  the  effect  that,  as  in  epilepsy, 
the  cortex  is  violently  congested,  and  if  in  the  latter  disease  this  can 
provoke  convulsions,  there  is  no  ground  for  doubt  that  the  case  is  the 
same  in  puerperal  eclampsia.  The  connection  with  the  vasomotor  center 
is  well  expressed  by  Herz:-"  "Even  slightly  toxic  products  in  the  blood 

*  Author's  cnnrhi.tion. 

2<"  Lantos:    Arcbiv  f.  Gynaek.,  Bd.  xxxii,  S.  364,  1888. 
208  Oliver:    Lancet,  May  26,  1894. 

=™Lubarsch:    Corr.  t.  schweizer  Aerzte,  Bd.  xxi,  S.  255,  1891. 
^loSchmorl:    "Pathologisch-Anatomische   Unter.    u.   Puerperal  Eklampsia," 
Leipzig,  1893. 

-'1  Leusden:   Virchow's  Archiv,  Bd.  cxiii,  S.  1,  1895. 
2i2Massen:    Ann.  de  gynecol.  et  d'obstet.,  vol.  xl,  p.  227,  1893. 

Cassaet  and  Cliambrelent:  Revue  mgdico-chir.  des  mal.  des  Pemmes,  vol. 
xvii,  p.  600,  1895. 

2i*Jurgens:    Berl.  klin.  Wocb.,  Bd.  xxiii,  S.  874,  1886. 

Pilliet:    Nouvelles  arch,  d'obstet.  et  de  gynec,  vol.  v,  p.  600,  1900. 
2i«  Blumreich  and  Zuntz:   Arch.  f.  Gynak.,  Bd.  Ixv,  S.  737,  1902. 
2"  Herz:   Wiener  med.  Woch.,  Bd.  i,  S.  113,  174,  227,  284,  326,  381,  1900. 
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of  women  in  eliildbed  are  sufficient  to  irritate  the  vasomotor  centers, 
which  are  then  in  a  condition  of  increased  excitability."  Finally,  Krijnig^'® 
found  by  means  of  the  Riva-Rocci  sphygmomanometer  that  the  blood-pres- 
sure was  very  high,  especially  in  post-partum  eclampsias,  an  observation 
confirmed  by  H.  Richardson.""  Vaquez^"  wrote  recently  that  none  of  the 
theories  in  vogue  in  regard  to  the  etiology  of  eclampsia  took  into  account 
the  main  and  essential  feature,  viz.,  arterial  hypertension.  He  had 
evidently  overlooked  the  abundant  evidence  to  that  effect  in  literature. 

The  spasmogenic  poisons  are  intermediate  products  of  tissue 
catabolism  which  accumulate  in  the  mother's  blood  when  her 
auto-protective  mechanism,  the  adrenal  system,  is  inefficient,  i.e., 
functionally  hyperactive.* 

During  pregnancy  the  mother's  blood  becomes  increasingly 
laden  with  waste-products,  those  of  the  developing  fretus  being 
added  to  her  own.  To  protect  her  organism,  her  adrenal  system, 
including,  of  course,  the  thyroid  apparatus,  becomes  increasingly 
active,  owing  to  the  exciting  action  of  these  products  on  the 
.test-organ,*  to  insure  destruction  of  all  wastes  as  soon  as  they 
are  found.*  When  the  adrenal  system  does  not  become  suffi- 
ciently active  to  enhance  adequately  the  blood's  antitoxic  proper- 
ties— including  phagocytosis — the  toxic  wastes  are  allowed  to 
accumulate  in  the  blood*  in  sufficient  quantities  to  provoke  con- 
vulsions, i.e.,  the  eclamptic  seizures. 

Williamson,  of  Johns  Hopkins,--'  in  his  recently  published  text- 
book says:  "Up  to  the  present  time  satisfactory  proof  has  not  been 
adduced  in  support  of  the  bacterial  nature  of  eclampsia,  nor  does  it  seem 
likely  to  be  forthcoming,"  and  he  considers  it  probable  that  the  "morbid 
process  is  caused  by  some  as  yet  unknown  poisonous  substance  circulat- 
ing in  the  blood  which  may  give  rise  to  lesiohs  of  varying  intensity  in  the 
several  organs."  The  lesions  to  which  he  refers  include  those  I  have 
ascribed  to  excessive  hypersemia  in  all  organs,  the  result  of  irritation 
of  the  general  vasomotor  center.  After  alluding  to  the  fact  that  it  was 
Bouchard  who  opened  up  the  field  of  auto-intoxication,  he  writes: 
"Riviere,  in  1888,  was  the  first  to  put  forward  the  theory  that  eclampsia 
was  an  auto-intoxication  resulting  from  the  heaping  up  of  some  sub- 
stance in  the  system."  Tarnier  and  Chambrelent--  and  others  found 
the  toxicity  of  the  blood  considerably  increased,  but  this  question  is 
still  sub  judice.  Nevertheless  the  kinship  with  epilepsy  again  suggests 
itself,  since  Ludwig  and  Savor'^'  and  Hofmann^-*  regird  carbonic  acid 
as  the  spasmogenic  agent,  while  Szili"'^  ascribes  this  role  to  some  "inter- 
mediate products  from  the  proteid  molecule."  I  would  again  suggest 
that  several  poisons  should  be  incriminated,  since  the  nervous  system 

*  Author's  conclusion. 

Kronig:    Verb.  d.  deut.  Gesellsch.  f.  Gynak.,  Bd.  ix,  S.  313,  1901. 
2i»  Richardson:    Amer.  Medicine,  Sept.  12,  1903. 
220Vaquez:    Semaine  med.,  vol.  xxvii,  p.  121,  1907. 

221  Williamson:    "Obstetrics,"  p.  703,  1903. 

222  Tarnier  and  Chambrelent:  Annales  de  gynec.  et  d'obstet.,  vol.  xxxviii, 
p   321  1892 

223' Ludwig  and  Savor:    Monats.  f.  Geb.  u.  Gyn.,  Bd.  i,  S.  447,  1895. 
22*Hofmann:    Centralbl.  f.  inn.  Med.,  July  16,  1898. 
225Szili:   Berl.  klin.  Woch.,  Oct.  22,  1900. 
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also  supplies  intermediate  wastes  under  such  conditions  differing  from 
tliose  of  other  tissues.  In  a  recent  comprehensive  biochemical  study 
of  the  question,  however,  Zweifel--'"  found  that  the  eclamptic  seizure 
followed  the  accumulation  of  lactic  acid — which  he  ascribes  to  deficient 
oxygenation — in  the  blood,  and  that  after  the  seizures  this  acid  had 
disappeared. 

That  the  mother's  auto-protective  resources  are  developed  coin- 
cidently  with  the  growth  of  the  fcetus  through  a  corresponding  augmen- 
tation of  the  functional  activity  of  the  adrenal  system  is  fully  sustained 
by  experimental  evidence.  As  to  tht  pituitary  body,  L.  Comte'"'  found 
microscopically  that,  during  pregnancy,  the  anterior  pituitary  was  hyper- 
trophied ;  it  was  also  very  much  heavier  and  larger.  This  was  confirmed 
by  Launois  and  Mulon--'  in  two  instances,  one  of  the  parturients  having 
died  eclamptic.  They  found,  moreover,  a  marked  increase  of  the  cellular 
elements.  In  a  more  recent  work"'  Prof.  Launois  reiterates  his  previous 
conclusion  that  in  pregnancy  the  anterior  lobe  is  in  a  state  of  marked 
"hyperactivity". 

Lang,'-^"  in  a  series  of  133  cases  of  pregnancy,  found  the  thyroid 
enlarged  in  108,  the  organ  beginning  to  enlarge  about  the  fifth  month. 
This  increase  in  volume  ceased,  however,  if  thyroid  extract  was  admin- 
istered, and  began  again  when  the  extract  was  withdrawn.  On  the 
other  liand,  Verstraeten  and  Vanderlinden'^^  and  Nicholson""'-  having 
concluded  that  in  eclampsia  nitrogenous  metabolism  is  impaired,  owing 
to  insufficiency  of  the  thyroid,  the  latter  author  tried  thyroid  extract 
and  found  that  it  counteracted  the  morbid  symptoms — a  fact  repeatedly 
confirmed  since,  as  shown  under  "Treatment." 

As  to  the  parathyroids,  Vassale^"'  reviewed  recently  his  own  labors 
and  those  of  Pepere,  Zanfrognini  and  others,  which  showed  lesions  of 
these  organs  after  death  from  eclampsia;  of  Zanfrognini,  Ernheim, 
Thaler  and  Adler,  which  showed  that  parathyroid  insufficiency  beginning 
during  the  last  three  months  of  pregnancy  caused  grave  (experimental) 
eclampsia.  In  two  out  of  three  dogs  in  which  the  parathyroids  had 
been  removed,  Vassale  was  able  to  prevent  eclampsia  by  giving  large 
quantities  of  parathyroid  extract  orally.  Frommer^*  has  confirmed 
the  general  trend  of  these  views. 

That  stimulation  of  the  adrenals  by  the  pituitary  body  increases  the 
antitoxic  power  of  the  blood,  we  have  seen  under  "Epilepsy."  The  need 
of  such  a  function  in  eclampsia  is  self-evident  in  view  of  the  fact  that 
Massin^  found  that  at  the  end  of  pregnancy  the  blood  contains  an 
abundance  of  "partially  oxidized  products  or  leucomaines."  It  is  only 
a  question  whether  this  function — carried  on  by  the  adrenal  system — 
is  equal  to  the  occasion.  As  in  epilepsy,  also,  the  eclamptic  stage  is 
an  eff'ort  of  pi'otective  functions  to  destroy  the  poison.  Indeed,  Emery"° 
observed  that  a  polynuclear  leucocytosis — the  identical  cells  which  we 
have  seen  furnish  the  blood  its  nucleo-proteid  granules — occurs  at  the 
onset  of  the  fever,  and  Kollmann"'  found  a  large  increase  of  fibrinogen, 
a  substance  rich  in  nucleo-proteid,  in  the  blood  of  eclamptics. 


s^^Zweifel:    Arch.  f.  Gynak.,  Bd.  Ixxvi,  S.  537,  1905. 
Comte:    ThSse  de  Doctorat  de  Lausanne,  1898. 

Launoi.s  and  Mulon:    Ann.  de  gynec.  et  d'obstet.,  2  serie,  vol.  i,  p.  2,  1904. 
-2*  Launois:    ThSse  de  la  Paeulte  des  Sciences  de  Paris,  1904. 
=™  Lang:    Zeit.  f.  Geburts.  u.  Gyn.,  Bd.  xl,  S.  34,  1889. 

231  Verstraeten  and  Vanderlinden:  Ann.  de  la  Soc.  de  med.  de  Gand,  vol. 
Ixxvi,  p.  72,  1897. 

Nicholson:    Jour,  of  Obstet.  and  Gynec.  for  Brit.  Empire,  July,  1902. 
223  Vassale:    Gaz.  degli  Ospedali,  Aug.  5,  1906. 
22*  Prommer:    Monats.  f.  Geb.  u.  Gynak.,  Bd.  xxiv,  S.  748,  1906. 
225  Massin:    Centralbl.  f.  Gynak.,  Bd.  xix,  S.  1105,  1895. 
228  Emery:    Practitioner,  Mar.,  1905. 

227Kollmann:    Centralbl.  f.  Gynak.,  Bd.  xxi,  S.  341,  1897. 
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Albuminuria  is  an  index  to  the  degree  of  vasoconstriction 
present.*  When  the  vasoconstriction  becomes  excessive,  there 
is  added  to  the  albuminuria,  transudation  of  the  albuminous  por- 
tion of  the  blood  (the  serum)  through  the  engorged  capillaries, 
and  oedema  of  the  feet,  legs,  external  genitals  and  face  appears.* 
In  marked  cases,  the  trunk  and  the  internal  organs,  especially  the 
lungs,  may  likewise  become  oedematous. 

The  albuminuria  of  pregnancy,  when  moderate,  is  not  due 
to  a  general  constriction  caused  by  the  action  of  poisons  on  the 
general  vasomotor  center.*  We  have  seen  that  it  is  the  result  of 
excessive  vital  activity  in  the  muscular  coats  of  the  arteries, 
owing  to  the  unusually  stimulating  properties  of  the  blood  sup- 
plied to  them  through  the  vasa  vasorum  and  that  it  is  purely 
mechanical.*  Though  albuminuria  is  not  due  to  nephritis, 
renal  irritation  may  be  evoked  by  the  inordinate  work  imposed 
upon  the  kidney.  Moderate  albuminuria  alone  is  not  a  threat- 
ening condition,  therefore;  while  moderate  albuminuria  plus 
renal  casts  may  ultimately  prove  to  be.*  Albuminuria  with 
oedema  points  to  a  marked  vascular  -eonstriction  which  may  be- 
come pathological.* 

Lantos"*  found  albuminuria  in  60  per  cent,  of  600  newly  delivered 
women,  in  over  70  per  cent,  of  268  primiparse,  and  over  50  per  cent,  of 
332  multiparae,  and  concluded  that  it  has  no  pathological  significance. 
Palmer^^  also  found  albuminuria  in  about  50  per  cent,  of  pregnant 
women  examined  at  the  Cincinnati  Hospital.  Pajot,^"  nearly  twenty 
years  ago,  laid  stress  on  the  fact  that  many  women  who  were  highly 
albuminuric  do  not  have  eclampsia. 

Willamson,-^'  referring  to  the  older  view  that  nephritis  was  the 
fundamental  cause  of  albuminuria,  states  that  it  was  "gradually 
abandoned  when  it  was  found  that  only  a  small  proportion  of  the  women 
had  eclampsia."  This  shows  that  the  two  phenomena  are  distinct 
entities.  Indeed,  as  emphasized  by  Bar,^  a  normal  action  of  the  kidney 
does  not  prevent  a  fatal  ending,  while  conversely,  as  shown  by  Van  der 
Velde,^  albuminuria  may  be  absent  notwithstanding  the  presence  of 
marked  renal  disease.  Nor  do,  as  noted  by  Saft-"  and  others,  casts 
and  albumin  maintain  a  corresponding  ratio.  Just  as  the  waste-products, 
as  already  stated,  increase  coineidently  with  the  growth  of  the  embryo, 
so  did  Saft,  in  his  study  of  707  cases,  find  that  when  albuminuria 
occurred,  it  was  between  the  thirtieth  and  thirty-second  weeks,  and  that 
while  it  was  apt  to  become  very  considerable  as  the  puerperium 
approached,  it  receded  during  the  first  days  following  labor.    The  general 


*  Author's  conclusion. 
Lantos:   Loc.  cit. 

Palmer:  Jour.  Med.  Coll.  of  Ohio,  May,  1891. 
2*0  Pajot:    Med.  Press  and  Circular,  Aug.  8,  1888. 

W^illiamson :   Loc.  cit. 
2*2  Bar:    Bull,  medical,  vol.  xiv,  p.  77^  1900. 
213  Cited  by  Williamson.   Loc.  cit. 
2"  Saft:   Archiv  f.  Gyniik.,  Bd.  li,  S.  207,  1896. 
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vasoconstriction  is  likewise  shown  by  the  facts,  pointed  out  by 
Jiiicholson,-"  tliat  during  pregnancy  the  right  side  of  the  heart  is  dilated, 
while  the  left  side  acts  as  though  it  were  hypertrophied.  Obviously, 
as  he  suggests,  this  is  due  to  widespread  and  extreme  vasoconstriction, 
a  condition  linked  with  the  albuminuria  of  pregnancy  by  Allbutt,  the 
blood  being  jammed  into  the  venous  system.  The  dilation  of  the  right 
heart  affords  an  idea  of  the  intense  centrifugal  pressure  to  which  the 
capillary  system  is  submitted,  and  the  familiar  fact  that  the  serum  of 
the  blood  normallj'  traverses  the  walls  of  the  capillaries  to  penetrate 
the  lymph  spaces,  indicates  how  it  may  traverse  mechanically  the  renal 
filter,  or  invade  the  tissues  and  render  them  (edematous.  Indeed,  in  a 
recent  paper,  Mynlietf-^"  found  marked  intrarenal  distention,  sufficient 
to  cause  stasis  at  times,  and  limited  only  by  the  resistance  of  the  capsule. 

Although  Charpentier^'  regards  eclampsia  without  albuminuria 
as  exceptional,  he,  Schroeder  and  Ingreslev^"  found  numerous  cases  in 
literature  in  which  it  was  absent.  But  this  is  readily  accounted  for  by 
the  fact  that  in  some  cases  the  brunt  of  the  irritation  is  borne  by  the 
sympathetic  centers.  The  arterioles  being  constricted,  the  circulation 
of  the  kidneys  is  inhibited  as  it  is  elsewhere,  the  pressure  being  only 
sufficient  to  sustain  renal  activity.  In  fact,  the  inhibition  may  exceed 
this  limit:  in  42  cases  reported  by  T.  K.  Holmes,-*'  the  bladder  contained 
no  urine  in  5  instances,  although  these  cases  had  all  been  oedematous, 
while  the  only  case  in  which  albumin  was  absent,  oedema  was  likewise 
absent.  This  case — in  which  the  vasoconstriction  was  evidently  not  in- 
tense— had  only  one  convulsion.  Three  cases  attended  with  anasarca, 
and  "solid"  urine  as  to  albuminuria,  proved  fatal. 

The  relative  excretion  of  urea  is  an  index  to  the  proportion 

of  the  toxic  waste-products  that  are  present  in  the  blood.  The 

addition  of  foetal  products  of  metabolism  to  those  of  the  mother 

necessarily  involving  an  increase  of  them  in  the  maternal  blood, 

a  corresponding  increase  in  the  urea  excreted  should  occur.  In 

eclampsia  it  is  markedly  reduced  and  the  severity  of  a  given 

case  corresponds  with  the  urea  excreted,  while  improvement 

coincides  with  a  material  increase  in  the  amount  eliminated. 

Butte^"  observed  that  when  in  eclampsia  the  proportion  of  urea 
excreted  was  normal,  death  usually  followed;  while  recovery  ensued 
as  a  rule,  when  it  was  doubled.  Marx-"  has  long  emphasized  the  fact 
that  "urea  is  always  found  markedly  diminished  in  the  so-called  pure 
toxaemias  of  pregnancy"  and  that  "the  amount  of  urea  excreted  always 
goes  hand  in  hand  with  the  condition  of  the  patient."  E.  P.  Davis"- 
emphasizes  the  same  fact  and  states  that  although  urea  is  not  itself 
a  poison,  diminution  in  the  quantity  excreted  indicates  that  toxins  are 
being  retained.  Jewett"'  regards  a  marked  falling  off  as  of  grave 
import.  Helouin^*  found  that  in  eclampsia  the  nitrogen  eliminated  in 

Nicholson :    Jour,  of  Obstet.  and  Gynec.  for  Brit.  Empire,  Jan.,  1905. 
2"  Mynlieff :    Centralbl.  f.  Gyniik.,  Bd.  xxix,  S.  392,  1905. 

Charpentier:  Bull,  de  I'Acad.  de  med.  de  Paris,  3  serie,  vol.  xxix,  pp.  32, 
54,  1893. 

2**  Cited  by  Williamson:   Loc.  cit. 
2*»T.  K.  Holmes:    Med.  Age,  Feb.  10,  1896. 
2«>  Butte:    Ann.  de  la  policlin.  de  Paris,  vol.  iil,  p.  164,  1893. 
^1  Marx:    Sajous's  "Analytical  Cyclo.  of  Pract.  Med.,"  vol.  v,  p.  375,  1900; 
Med.  Exam,  and  Pract.,  Mar.,  1903. 
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the  form  of  urea  was  markedly  lower  than  during  normal  pregnancy. 
Whitney  and  Clapp^"  confirmed  this  fact  experimentally  and  clinically. 
Williams  states  that  while,  during  an  eclamptic  attack,  there  is  nearly 
always  an  abundance  of  albumin,  often  blood  and  tube-casts,  the  termina- 
tion of  the  convulsions  is  marked,  in  favorable  cases,  by  a  rapid  increase 
in  the  amount  of  urine  and  urea,  together  with  a  decrease  in  the  amount 
of  albumin." 

Treatment. — Measures  Calculated  to  Prevent  Eclamp- 
tic Seizures. — In  view  of  the  foregoing  evidence,  the  import- 
ance of  frequent  examination  of  the  urine  is  self-evident:  at 
least  once  a  month  during  the  first  six  months  and  every  other 
week  thereafter,  the  patient  being  instructed  to  notify  her  ac- 
coucheur should  headache,  disturbance  of  vision,  oedema,  or 
jaimdice  appear — all  symptoms  of  beginning  toxaemia.  The 
urine  passed  in  the  twenty-four  hours,  which  will  probably  be 
found  highly  colored  and  scanty,  should  be  measured,  and  the 
total  output  of  albumin  and  urea  estimated  by  Esbach's  albumin- 
ometer  and  Doremus's  ureometer. 

Although  the  addition  of  the  foetal  wastes  to  those  of  the 
mother  suggests  that  an  excess  of  urea  should  be  found,  obstet- 
ricians are  content  with  a  normal  output  of  urea  (20  to  24 
grams  daily)  even  if  a  slight  amount  of  albumin  be  present. 
Considerable  albumin  and  a  diminution  of  the  urea  excreted, 
however,  betoken  danger,  and  the  patient  should  at  once  be  re- 
stricted to  milk  (which  serves  both  as  food  and  diuretic),  two 
quarts  at  least  to  be  taken  in  the  twenty-four  hours,  and  all  the 
water  she  can  drink.  When  this  does  not  procure  the  desired 
result,  a  decrease  of  albumin,  a  rise  of  urea-ratio  and  free 
diuresis,  the  daily  use  of  saline  purgative  and  hot-pack  or  sweat- 
hath  should  be  resorted  to. 

An  exclusive  milk  diet  is  recommended  by  Williamson  and  other 
American  obstetricians,  and  by  most  French  authorities,  Charpentier, 
Tarnier  and  others.  Charpentier,^"  in  fact,  to  avoid  all  risk,  orders  it 
as  soon  as  the  urine  contains  the  slightest  trace  of  albumin,  which  would 
mean  that  about  50  per  cent,  of  pregnant  women  should  at  one  time 
or  another  be  submitted  to  it.  Fere-"  and  Tarnier  (whose  experience 
has  been  extensive)  had  never  seen  at  the  time  of  their  report  a  case  of 
eclampsia  in  a  patient  who  had  subsisted  for  eight  days  on  an  absolute 
milk  diet.  As  Fere  observes,  it  does  not  always  counteract  the  albu- 
minuria or  the  cedema,  but  it  averts  toxic  S3Tnptoms.  This  is  ac- 
counted for  by  the  conclusion  I  have  submitted  that  the  two  former 
symptoms,  when  not  marked,  are  not  necessarily  pathological,  their 
persistence  denoting  that  the  patient's  blood  is  rich  in  adrenoxidase. 


2^  Whitney  and  Clapp:   Amer.  Gynecology,  Aug.,  1903. 

2™  Charpentier:    Arch,  de  tocologie  et  de  gynec,  vol.  xx,  p.  509,  1893. 

2"  Fer6:    L'obstetrlque,  vol.  i,  p.  485,  1896. 


PUERPERAL  ECLAMPSIA. 


1481 


If  no  improvement  occur  in  the  excretory  phenomena  and 
the  headache  and  visual  disturbances  persist;  or  if  drowsiness, 
hebetude  and  other  symptoms  previously  enumerated  as  denoting 
irritation  of  the  vascular  centers  appear,  the  likelihood  that  an 
attack  of  eclampsia  is  near  at  hand  is  very  great.  When  this 
stage  is  reached,  obstetricians  usually  induce  premature  labor, 
the  life  of  the  unborn  child  being  sacrificed.  According  to  my 
interpretation  of  the  pathogenesis  of  the  convulsions,  other 
means  are  available,  besides  those  just  outlined,  to  prevent  the 
attack  of  eclampsia. 

The  use  of  saline  solution  is  indicated  before  as  well  as  dur- 
ing the  eclamptic  period,  since  it  is  known  to  enhance  the  anti- 
toxic activity  of  the  blood  by  increasing  its  fluidity  and  its 
osmotic  properties.*  When  the  absolute  milk  diet  is  not  increas- 
ing the  excretion  of  urea,  therefore,  sodium  chloride  should  be 
added  to  the  milk  in  the  proportion  of  50  grains  (3.3  gms.)  to 
the  pint,*  the  patient  being  directed  to  drink  water  at  stated 
intervals.  Often  in  these  cases,  there  is  faecal  retention,  notwith- 
standing daily  evacuations.  Rectal  irrigation  with  large  quan- 
tities (one  to  two  gallons)  of  warm  (110°  F.,  43.3°  C.)  saline 
solution  is  very  valuable  in  all  cases. 

The  experimental  researches  of  Von  Fodor,  Bluraenthal,  Calabrese, 
Lowy  and  Richter  and  others  have  conclusively  demonstrated  that  the 
antitoxic  powers  of  the  blood  are  inhibited  by  a  diminution  of  its  salts, 
while  Jacques  Loeb  has  shown  that  sodium  chloride  was  essential  to  the 
life  of  the  cell.  Its  beneficial  effect  during  the  eclamptic  stage,  even 
in  apparently  hopeless  eases,  is  well  known.  As  stated  by  Allen,"'  "it 
is  impossible  to  appreciate  its  advantages  unless  one  has  watched  its 
results."  The  taste  of  milk  is  impi'oved  rather  than  impaired  by  the 
quantity  of  salt  mentioned.  The  effects  of  thyroid  extract  are  given 
below.  The  use  of  high  rectal  injections,  especially  of  saline  solution, 
is  generally  recognized. 

If  these  measures  do  not  procure  the  desired  result,  the 
patient  should  remain  in  bed  to  reduce  the  proportion  of  sarco- 
lactic  acid  eliminated  by  the  muscular  tissues  into  the  lymph 
and  blood,  thus  counteracting  the  only  remaining  poison-pro- 
ducing factor,  namely,  muscular  exertion.*  The  absolute  milk 
diet  being  continued,  thyroid  extract  should  be  given  in  doses 
of  3  to  5  grain  (0.2  to  0.3  gm.)  doses  every  three  hours,  the 
object  being  to  stimulate  the  adrenal  mechanism  and  increase 


♦  Author's  conclusion. 
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the  antitoxic  activity  of  the  blood.*  Oxygen  inhalations  are 
indicated  in  this  connection,  to  hasten  the  conversion  of  the 
adrenal  secretion  into  adrenoxidase.* 

The  advisability  of  avoiding  muscular  exertion  is  well  shown  by 
the  experiments  of  Mossaglia,^'*"  who  found  that  dogs  deprived  of  some 
of  their  parathyroids  had  typical  convulsions  after  being  fatigued.  He 
emphasizes  the  fact  that  a  woman  threatened  with  eclampsia  is  more  prone 
to  an  attack  after  being  fatigued.  We  have  seen  that  Vassale  observed 
marked  eclampsia  during  pregnancy  in  dogs  deprived  of  their  para- 
thyroids, and  that  large  doses  of  parathyroid  arrested  the  attack. 

Nicholson^""  introduced  this  treatment  on  the  well-grounded  plea, 
based  on  Lang's  observation  that  the  thyroid  was  enlarged,  and  his  own 
that  during  eclampsia  this  phenomenon  did  not  occur,  that  a  deficient 
supply  of  iodothyrin  entailed  a  corresponding  inadequate  destruction 
of  nitrogenous  wastes.  Although  he  believed  that  the  antitoxic  action 
of  the  thyroid  secretion  was  direct  and  that  the  poison  acted  directly 
on  the  blood-vessels  also — both  untenable  conclusions — the  fact  remains 
that  the  object — destruction  of  the  spasmogenic  poisons — was  attained 
in  the  four  cases  reported.  The  doses  ranged  from  5  to  10  grains 
(0.3  to  0.6  gm.).  In  the  first  case,  the  seizures  had  begun;  in  the 
second  there  was  slight  general  oedema  and  albuminuria;  in  the  third 
the  general  cedema  included  the  face,  the  urine  was  nearly  solid,  there 
was  headache  and  dimness  of  vision.  The  fourth  case  was  similar. 
Nicholson's  observations  have  been  confirmed  by  several  obstetricians — 
but  all  after  the  convulsions  had  begun.  Friihinsholz  and  Jeandelize^" 
likewise  advised  the  use  of  thyroid  extract. 

The  inhalation  of  oxygen  has  been  found  of  value  even  without  thy- 
roid extract;  hence  its  probable  efficiency  with  an  increase  of  adrenal 
secretion  in  the  blood-stream. 

Simultaneously,  if  need  be,  the  irritability  of  the  general 
vasomotor  center  may  be  reduced  by  using  drugs  which  are 
known  to  prove  beneficial  during  the  convulsions,  and  which  are, 
therefore,  all  the  more  indicated  in  the  pre-eclamptic  stage.* 
Veratrum  viride  is  o'ne  of  these;  by  inducing  relaxation  of  all 
the  arteries  of  the  body  it  causes  accumulation  of  the  blood  in 
the  large  central  vessels,  and  by  thus  diminishing  the  cerebral 
hyperaemia  tends  to  prevent  the  impending  seizure.  It  may  be 
given  in  20  to  30  drop  doses  of  the  tincture  (1905  U.  S.  P.) 
every  two  hours  until  the  pulse  becomes  softer  and  slower,  but 
larger  doses  are  required  in  threatening  cases  to  obtain  this 
result.  The  physiological  action  of  the  bromides  and  chloral 
is  similar  to  that  of  veratrum,  we  have  seen,  but  their  action 
is  more  uncertain. 

The  use  of  veratrum  viride  does  not  prevent  that  of  thyroid 


*  Avthor's  conclusion. 
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extract,  since  each  drug  acts  on  a  different  center.  The  for- 
mer should  not  be  used  hypodermically,  however,  in  the  pre- 
eclamptic period,  since  the  reflex  irritation  produced  by  the 
needle  and  fluid  may  precipitate  a  seizure. 

Wood,  we  have  seen,  says  that  veratrum  viride  bleeds  the  patient 
into  his  own  vessels — a  desirable  effect  under  present  conditions. 
Thayer-"-  laid  stress  on  the  fact  that  during  puerperal  convulsions,  a 
"peculiar  tolerance"  of  viride  existed,  officinal  doses  having  no  effect. 
This  is  due  to  the  great  erethism  of  the  vasomotor  center;  hence  the 
need  of  full  doses  in  the  pre-eclamptic  period.  Edgar-"^  considers  it  "the 
most  certain  remedy  at  our  command  for  controlling  the  spasms  tem- 
porarily, or  even  permanently."  Norris,  Hirst,^"*  Jewett^*"  and  other 
obstetricians  of  large  experience  recommend  it  highly  in  convulsions. 
That  it  should  be  as  useful  to  prevent  convulsions,  while  the  thyroid 
extract  is  causing  destruction  of  the  toxic  wastes  in  the  blood,  is  obvious. 

Measures  Calculated  to  Arrest  the  Eclamptic 
Seizures. — If,  notwithstanding  the  foregoing  measures,  eclamp- 
sia occurs,  efforts  to  eliminate  the  poison  and  arrest  the  convul- 
sions should  even  now  be  made  before  sacrificing  the  child  by 
emptying  the  uterus.  The  irritability  of  the  vasomotor  center 
is  best  controlled,  we  have  seen,  by  means  of  veratrum  viride, 
40  minims  (3.6  gm.)  of  the  tincture  (1905  U.  S.  P.)  may  now 
be  given  hypodermically.  Pending  the  vasodilating  influence  of 
this  remedy,  the  convulsions  may  be  held  in  check,  if  absolutely 
necessary,  by  means  of  a  few  whiffs  of  chloroform  (an  undesir- 
able agent,  since  it  irritates  the  vasomotor  center)  freely  di- 
luted with  air.  Hypodermoclysis  should  then  be  resorted  to, 
one  pint  of  saline  solution  at  110°  F.  (43.3°  C.)  being  injected 
slowly  beneath  each  breast.  This  may  be  repeated  if  necessary. 
Many  experienced  obstetricians  practice  venesection  before  using 
the  saline  solution,  and  find  it  of  material  aid,  especially  in 
plethoric  or  cyanotic  women.  To  promote  diaphoresis,  the 
Jiot  pack  is  generally  recommended,  and  is  much  safer  than  pilo- 
carpine. Thyroid  extract  is  also  indicated  during  this  stage, 
but  in  full  doses.  Iodine,  in  large  doses,  may  serve  to  replace 
thyroid  extract  if  the  latter  is  not  available. 

The  cases  in  which  Norris  found  veratrum  viride  most  useful  were 
those  with  a  full,  rapid  and  high-tension  pulse.  Cotret^'''  injects  20 
drops,  and  the  same  quantity  in  30  minutes  if  the  pulse  is  not  reduced. 


Thayer:   Boston  Med.  and  Surg.  Jour.,  Apr.  1,  1897. 

Edgar:   Therap.  Gaz.,  Aug.  15,  1901. 
20*  Hirst:  Ibid. 

Jewett:    Amer.  Med.  Digest,  Feb.  15,  1888. 
^0  Cotret:   Rev.  medicale  du  Canada,  vol.  vi,  pp.  215,  230,  1902. 
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In  one  case  he  tlius  injected  400  drops,  saving  the  case.  E.  P.  Davis 
injects  40  minims  (1905  U.  S.  P.)  every  hour  until  it  falls  below  90 
and  its  tension  is  decidedly  lessened.  Hirst,  who  gives  60  to  80  drops 
(1905  U.  S.  P.)  as  the  first  dose,  has  seen  it  reduce  the  pulse  to  60  in 
a  few  minutes;  as  long  as  it  remained  at  that  rate  no  convulsions 
occurred.  Lapthorn  Smith""  obtained  subsidence  of  the  blood-tension 
with  20  to  25  minims  after  other  familiar  remedies  and  even  blood- 
letting had  failed. 

The  beneficial  influence  of  saline  solution  is  well  illustrated  by 
the  fact  that  in  the  Glasgow  Maternity  the  mortality,  according  to 
Jardine,^"*  has  been  reduced  from  47  per  cent,  to  17  per  cent,  since  this 
measure  has  been  introducd.  One  draehm  of  sodium  chloride  to  the 
pint  of  water  at  110°  F.  (43.3°  C.)  is  the  solution  employed,  the  site 
of  the  infusion  being  covered  with  towels  wrung  out  of  hot  water. 

Besides  the  pre-eclamptic  cases  treated  by  Nicholson,  eases  in 
which  the  seizures  had  developed  and  in  which  thyroid  or  parathyroid 
extract  was  successfully  employed,  have  been  reported  by  Macnab,^°* 
Baldowsky,^"  Vassale-"  and  others,  the  last-named  author  having  used 
later,""  and  with  equal  success,  parathyroid  extract. 

Thyroid  extract  in  large  doses  is  recommended  by  Nicholson, 
Fothergill,  Sturmer"'  and  Lobenstine."*  The  latter  gave  it  in  20-grain 
doses  (1.3  gm. )  per  rectum  several  times  in  the  twenty-four  hours. 

Acting  upon  my  suggestion"''  that  iodine  should  prove  efficient  in 
such  cases,  Somers"^  used  doses  sufficient  to  produce  iodism  of  a 
preparation  containing  a  large  proportion  of  free  iodine  sucessfully. 
This  indicates  that  this  halogen  can  be  used  advantageously  when  fresh 
thyroid  extract  cannot  be  obtained.  I  prefer  the  iodides  of  sodium  and 
potassium  in  large  doses.  It  may  also  be  administered  per  rectum 
with  saline  solution. 

Morphine  injections  are  advocated  by  some,  but  the  benefit 
produced  is  an  artificial  one;  the  arterioles  being  constricted, 
the  peripheral  circulation  is  hampered  and  the  cortical  hyper- 
semia  is  reduced.  The  arteries  are  dilated  behind  their  arterioles, 
by  the  accumulated  blood;  hence,  the  belief  that  it  causes 
vasodilation.  The  arterioles  of  the  skin  and  kidneys  being  like- 
wise constricted,  their  excretory  functions  are  inhibited.*  It 
should  not  be  used,  therefore,  when  the  kidneys  are  at  all  dis- 
eased. It  is  far  more  eflficacious,  as  shown  below,  when  adminis- 
tered with  chloral  hydrate. 

Francis"'  lost  two  cases  out  of  five  under  morphine.  Conversely, 
Fitzgerald"^  reports  five  cases,  of  which  two,  treated  by  chloroform  and 
delivery,  died,  while  the  three  others,  in  which  morphine  was  used  with- 

*  Author's  conclusion. 

2"' Lapthorn  Smith:   Montreal  Medical  Journal,  Jan.,  1902. 
^^^Jardine:    Edinburgh  Med.  Jour.,  July,  1903. 

^•'o  Macnab:   Jour,  of  Obstet.  and  Gynec.  of  Brit.  Empire,  Nov.,  1904. 

Baldowsky:    Vratch,  vol.  xi,  1904. 
27iVassale:    Riv.  Grit,  di  Clin.  Med.,  Mar.  4,  1904. 
^'svassale:    Arch.  Ital.  di  Biol.,  vol.  xliii,  p.  177,  1905. 

Sturmer:    Brit.  Med.  Jour.,  Apr.  16,  1904. 

Lobenstine:    Bull.  N.  Y.  Lying-in  Hosp.,  Dec.  1905. 
-'^  Sajous:   Jour.  Amer.  Med.  Assoc.,  Feb.  4,  1905. 

Somers:   Western  Med.  Review,  June,  1904. 

Francis:    Brit.  Med.  Jour.,  Jan.  11,  1902. 

Fitzgerald :   Ibid.,  Nov.  24,  1900. 
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out  delivery,  lived.  Veit"°  also  recommends  morphine,  but  when  renal 
disease  is  not  present — in  accord  with  Tyson,-'"  Reynolds  Wilson^'  and 
others.  Hoig^*^  uses  it  only  when  there  is  free  diuresis.  He  rightly 
avoids  it  also  during  the  comatose  state  between  seizures.  Edward  P. 
Davis^  advises  against  its  use,  especially  in  large  doses. 

Chloral  acts  much  as  does  veratrum  viride,  but,  unlike  the 
latter,  it  reduces  the  sensitiveness  of  the  adrenal  center  besides 
controlling  the  irritability  of  the  vasomotor  center.  While 
relieving  the  cortical  hypersemia,  therefore,  it  tends  to  reduce 
the  antitoxic  properties  of  the  blood.*  The  bromides  have  a 
similar  action,  when  the  doses  are  sufficiently  large  to  control 
the  convulsions.*  As  a  temporary  resource,  however,  chloral 
may  be  used  advantageously  when  well  diluted  with  water,  by 
the  mouth,  or  by  rectal  injections  when  the  patient  cannot  swal- 
low. 

While  the  majority  of  European  obstetricians  consider  chloral  too 
depressing,  Goodell,  Hirst,  Charpentier  and  other  experienced  observers 
advocate  its  use:  Frazer^**  administered  it  per  rectum,  1  drachm  (4  gm.) 
being  used  for  each  enema,  in  49  cases,  and  lost  but  two.  Commandeur^^ 
contends  that  its  rectal  use  is  defective:  it  is  not  well  retained  and 
absorption  is  uncertain.  Orally,  when  each  15  grains  given  is  dissolved 
in  at  least  4  ounces  (120  gms.)  of  water,  it  is  well  borne,  and  com- 
pletely absorbed.  Hallowes-'"  reported  four  cases  in  which  the  injection 
per  rectum  of  60  grains  (4  gms.)  in  1  ounce  (28  gms.)  of  water  gave 
prompt  relief. 

MorpJiine  and  Chloral. — Combined,  these  two  agents  are 
far  more  useful  than  when  given  alone.  Morphine  being  capable 
of  stimulating  both  the  adrenal  center  and  the  sympathetic  cen- 
ter, it  offsets  the  untoward  action  of  chloral  on  the  former,  but 
not  its  depressing  action  on  the  vasomotor  center.  The  chloral, 
therefore,  tends  to  deplete  the  brain,  i.e.,  the  cortex,  of  its  ex- 
cess of  blood,  while  the  morphine  by  constricting  the  arterioles, 
still  further  reduces  the  quantity  of  blood  admitted  to  the  cere- 
bral capillaries.* 

This  accounts  for  the  results  recorded  by  Stroganoff,^  viz.,  a  mor- 
tality of  5.4  per  cent,  out  of  92  cases  observed  by  him.  He  injects  Vs 
grain  (0.01  gm. )  morphine,  and  repeats  the  dose  in  one  hour  or  earlier 
if  the  patient  is  restless.  Two  hours  later  he  gives  a  rectal  injection 
of  30  to  45  grains  (2  to  3  gms.)  in  aqueous  solution,  and  repeats  it  at 

*  Author's  conrlns'wn. 

=7»Veit:    Festsch.  f.  C.  Huge,  1896. 

Tyson:    Gaillard's  Med.  Jour.,  Aug.,  1891. 
^-Reynolds  V^^ilson:    Annals  of  Gyneo.  and  Pediat.,  May,  1892. 
282Hoig:    Canadian  Practitioner,  July,  1900. 

E.  P.  Davis:    Therap.  Gaz.,  Dec.  15,  1899. 
284  Cited  by  Robbins:    Amer.  Lancet,  Jan.,  1888. 

Commandeur:    Semaine  med.,  vol.  xxii,  p.  328,  1902. 
28«Hallowes:    Lancet,  July  13,  1901. 

Stroganoff:   Vratch,  Sept.  16,  1900. 
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intervals  of  4,  6,  and  8  hours,  unless  the  patient  be  resting  quietly. 
Chloroform  is  used  exceptionally — only  in  severe  convulsions,  pending 
the  action  of  the  morphine  and  chloral.  The  rectal  and  subcutaneous 
use  of  saline  solution  is  deemed  an  important  feature  of  the  treatment. 
The  author  did  not  have  to  induce  labor  in  a  single  instance. 

If  the  foregoing  measures  prove  unavailing,  the  uterus 
should  be  emptied.  The  precautions  resorted  to  in  epilepsy  to 
prevent  wounding  of  the  tongue,  etc.,  during  the  convulsions, 
are,  of  course,  as  applicable  in  eclampsia. 

RABIES. 

Synonyms. — Hydrophobia;  Lyssa. 

Definition. — Eabies,  a  disorder  characterized  by  violent 
tonic  spasms  with,  in  some  instances,  clonic  convulsions,  is  the 
terminal  stage  of  an  infection  by  a  specific  virus  which  causes 
progressive  paralysis  of  the  test-organ.  The  functions  of  the 
adrenal  system  becoming  gradually  weaker,  toxic  wastes  accu- 
mulate in  the  blood  to  a  sufficient  degree,  after  weeks  or 
months,  to  cause  a  marked  increase  of  vascular  tension.  As  an 
excess  of  blood  is  thus  driven  into  all  capillaries,  including  the 
cerebro-spinal  nervous  elements,  these  are  rendered  hyperexcit- 
able.  The  spasms  occur  when  this  hyperexcitability  is  suddenly 
enhanced  by  the  appearance  in  the  blood  of  considerable  auto- 
antitoxin,  due  to  a  defensive  reaction  of  the  adrenal  system 
evoked  by  the  blood  when  it  becomes  sufficiently  toxic  to  irritate 
violently  the  test-organ  notwithstanding  the  paralyzing  influence 
of  the  virus.* 

Lyssophohia  or  Pseudo-rabies,  a  morbid  fear  of  hydropho- 
bia in  persons  who  have  been  bitten  by  animals  supposed  to  be 
rabid,  consists  of  a  group  of  symptoms  resembling  true  rabies, 
but  including  manifestations,  such  as  attempts  to  bite,  bark,  etc., 
which  are  popularly  thought  to  belong  to  rabies. 

Symptoms  and  Pathology. — After  a  period  of  incubation 
varying  from  one  week  to  three  months,  and  in  rare  cases  ex- 
tending beyond  this  length  of  time,  the  premonitory  symptoms 
appear.  At  first  they  resemble  those  of  other  diseases,  irritabil- 
ity, anorexia,  insomnia,  depression  and  general  malaise.  Slight 
headache  and  rigors  with  some  stiffness  and  even  pain  in  the 
muscles  of  the  neck,  back  and  shoulder  and  arms  are  frequently' 


*  Author's  definition. 
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complained  of.  The  tongue  is  coated,  the  breath  offensive,  and 
the  pupil  is  dilated.  There  may  be  slight  fever,  but  in  most 
cases  the  temperature  is  normal,  and  hypothermia  is  occasionally 
present.  If  the  patient  attributes  his  condition  to  the  bite, 
brooding  over  its  consequences  may  lead  to  melancholia  and 
influence  greatly  the  symptomatology  of  the  second  period  of 
the  disease.  The  wound,  usually  healed  soon  after  the  receipt 
of  the  injury,  may  be  the  seat  of  darting  pains,  become  in- 
flamed along,  perhaps,  with  neighboring  lymphatic  glands. 

Although  occasionally  rabies  occurs  long  after  the  injury,  most 
cases  in  which  it  appears  beyond  four  months  are  not  sustained  by  con- 
trol inoculations.  Bradford-*"  states  that  "the  incubation  period  in  the 
human  subject  lies  between  20  to  60  days,  and  it  is  exceedingly  rare  to 
have  it  appear  after  3  months,  and  6-months'  incubation  is  practically 
unknown."  As  to  the  presence  of  low  temperature,  Sir  Thomas  Smith^" 
observed  a  case  which  on  admission  had  a  temperature  of  95°  F.  (35.50° 
C. )  and  a  pulse  of  56.  Anders-""  observed  two  cases  in  which  the  dread 
of  the  disease  after  bites  resulted  in  persistent  melancholia. 

The  spasmodic  stage  is  initiated  by  the  symptoms  due  to 
excessive  reflex  irritability  of  the  pharynx,  larynx  and  oesopha- 
gus, the  act  of  swallowing  provoking  reflex  spasm  of  their  mus- 
cles, and  therefore  intense  dyspnoea  owing  to  closure  of  the 
glottis.  At  first  the  difficulty  is  surmounted,  but  the  spasms 
finally  become  so  intense  that  they  inspire  extreme  terror,  and 
the  sight  of  water,  by  suggesting  the  act  of  deglutition,  is  suffi- 
cient to  bring  on  a  distressing  seizure.  Hence  the  term  "hydro- 
phobia," a  misnomer,  since  it  is  the  spasm  that  is  feared.  The 
patient  is  nevertheless  extremely  thirsty  and  sometimes  controls 
himself  sufficiently  to  drink;  milk  is  taken  more  readily  than 
water  under  these  conditions,  especially  if  given  in  a  covered 
vessel.  In  some  cases,  deglutition  is  impossible  and  the  liquid 
regurgitates  by  the  mouth  and  nose.  Even  the  saliva,  which  in 
rabies  is  viscid,  tenacious  and  secreted  in  greatly  increased 
quantity,  causes  spasm  when  swallowed,  and  is  expectorated, 
sometimes  in  its  normal  state,  sometimes  mixed  with  froth, 
owing  to  the  churning  it  receives  in  the  mouth — the  so-called 
"frothing  at  the  mouth." 

The  mucous  membranes  are  not  alone  in  a  state  of  exalted 
irritability;  as  in  tetanus,  there  is  general  hyperassthesia  of 
the  skin,  and  the  special  senses  become  so  acute  that  a  slight 


Bradford :    Lancet,  Mar.  3,  1900. 
28»  Sir  Thomas  Smith:    Practitioner,  Jan.,  1898. 

Anders:    "Practice  of  Med.,"  seventh  edition,  p.  358,  1905. 


1488    INTERNAL  SECRETIONS  IN  PATHOGENESIS  AND  TREATMENT. 

touch,  a  mere  draught,  a  noise,  etc.,  suffice  to  provoke  a 
paroxysm.  The  orificial  tissues,  those  of  the  amis  for  instance, 
are  quite  as  sensitive,  even  rectal  feeding  causing  spasm.  Nor 
are  the  muscles  of  the  upper  respiratory  and  alimentary  tracts 
alone  involved  in  these  seizures;  the  entire  muscular  system, 
including  both  the  voluntary  and  involuntary  muscles,  may,  as 
in  tetanus  or  even  in  epilepsy,  undergo  violent  contraction. 
The  muscles  of  mastication  are,  in  most  cases,  alternately 
locked  and  relaxed,  causing  the  snapping  which  popular  imagin- 
ation has  interpreted  as  efforts  to  bite.  In  truth,  the  patient, 
who  is  relatively  quiet  and  able  to  speak  rationally  (at  least 
in  the  earlier  part  of  the  convulsive  stage),  during  the  inter- 
val between  the  spasms  is  usually  solicitous  about  those  who 
minister  to  his  wants.  Eolling  of  the  eyes  and  head,  throwing  of 
the  limbs  from  side  to  side,  etc.,  as  in  epilepsy,  are  also  wit- 
nessed in  some  instances. 

As  the  case  proceeds,  the  mental  excitement  increases,  the 
patient  talking  incoherently.  This  often  lapses  into  the  so- 
called  "furious"  stage,  during  which  the  patient  is  subject  to 
waves  of  maniacal  delirium,  as  it  were,  attended  with  delu- 
sions and  hallucinations  of  a  frightful  nature.  This  coincides 
with  an  elevation  of  the  temperature,  reaching  in  some  cases 
105°  F.  (40.5°  C),  a  bounding,  tense  and  rapid  pulse,  flushed 
face  and  eyes,  and  sometimes  cyanosis.  The  pulse  may  be- 
come small  and  irregular  during  a  spasm  developed  during 
this  stage — a  danger  signal  of  oncoming  cardiac  (coronary) 
inhibition*  and  sometimes  of  immediate  death.*  Glycosuria 
and  albuminuria  are  also  observed  during  this  stage. 

The  period  of  excitement  finally  passes  into  one  of  com- 
parative quietude.  The  patient  is  then  able  to  swallow  with  less 
trouble  and  may  be  thought  to  be  recovering.  But  it  is  in  reality 
the  onset  of  the  lethal  or  paralytic  period;  the  cardiac  action 
becomes  weak  and  irregular,  and  the  respiration  shallow  and 
rapid.  The  patient  then  gradually  lapses  into  unconsciousness 
and  coma,  dying  by  syncope  or  in  the  midst  of  a  terminal  tetanic 
spasm.  Death  usually  occurs  within  the  four  days  following  the 
onset  of  the  convulsive  period,  but  occasionally  the  patient  lasts 
much  longer. 


*  Author's  conclusion. 
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In  rare  cases,  usually  in  neurotic  or  debilitated  subjects 
or  after  multiple  lacerations,  the  phenomena  are  all  of  the 
paralytic  type.  After  the  usual  premonitory  symptoms,  dys- 
phagia and  attacks  of  spasmodic  dyspnoea  appear,  soon  followed 
by  coldness,  anaesthesia  and  torpor  of  the  extremities,  especially 
the  lower.  Paralysis  follows  and  gradually  becomes  general,  the 
lethal  course  described  above  then  progressing  rapidly. 

The  resemblance  of  rabies  to  tetanus  is  not  only  very  marked,  but 
tetanus  is  sometimes  attended  with  distinct  hydrophobic  symptoms.  In 
two  cases  reported  by  Roberts^^  and  Van  Spanje,^*^  both  in  gardeners, 
in  which  infection  occurred  through  slight  wounds  of  the  face  from 
pointed  sticks,  the  phenomena  were  clearly  those  of  rabies.  Anders  and 
Morgan^'  refer  to  a  case  of  tetanus  reported  by  J.  W.  Ward,  in  which 
the  diagnosis  of  hydrophobia  was  maintained  several  days.  The  para- 
lytic form  of  rabies,  that  observed  also  in  inoculated  guinea-pigs  and 
other  animals,  the  rabbit,  mouse,  etc.,  is  another  point  of  similarity 
with  tetanus.  As  to  death  occurring  beyond  the  usual  four  days, 
Sweeney  and  Denny^**  refer  to  a  case  in  which  death  occurred  on  the 
fourteenth  day  following  the  onset  of  the  rabic  symptoms.  These  au- 
thors correctly  interpret  what  a  study  of  a  large  number  of  carefully 
described  cases  indicates,  when  they  remark:  "The  exaggerated  picture 
of  rabies  in  the  mind  of  the  laity  and  of  physicians  who  have  care- 
lessly read  text-books  on  the  subject  is  never  met  with  in  actual  prac- 
tice. The  barking,  biting,  crawling  on  all-fours  and  other  extrava- 
gant symptoms  belong  rather  to  the  spurious  or  hysterical  type  of  the 
disease."  In  a  case  of  the  latter  kind  described  by  Fabricius,-"''  the 
patient  tried  to  bite,  but  he  was  clearly  reproducing  his  conception  of 
what  a  rabid  man  should  do — though  in  the  midst  of  a  sharp  attack  of 
alcoholic  delirium  from  which  he  promptly  recovered. 

Etiology  and  Pathogenesis. — Eabies  is  due  to  the  presence 
in  the  blood  of  a  poison  which  violently  irritates  the  vasomotor 
and  sympathetic  centers.*  The  resulting  intense  constriction  of 
all  arteries  causes  all  the  capillaries  of  the  body  to  become 
correspondingly  engorged  by  the  blood  forced  into  them,  and 
the  spinal  (and  in  some  cases  the  cortical)  cells  being  thus  ren- 
dered hypersemic,  they  become,  as  in  tetanus,  excessively  irri- 
table.* As  the  sensory  terminals  of  the  peripheral  mucous 
membranes  and  skin  are  also  rendered  hypersensitive  through 
hypersemia  of  their  capillaries,  the  least  irritation  of  the  sur- 
face provokes  a  violent  reflex  spasm.* 

The  pharjTix,  larynx  and  oesophagus  are  the  first  to  react, 

•  Author's  conclusion. 

2»i  Roberts:    Lancet,  July  11,  189L 
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2"  Sweeney  and  Denny:    Northwestern  Lancet,  Apr.  1,  1896. 
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because  it  is  to  this  region  that  an  external  irritant  is  applied 
when  ingesting  fluids  or  food.  Irritation  applied  elsewhere,  the 
surface,  the  anal  aperture,  etc.,  likewise  produces  spasm  in  these 
structures  and  in  them  only  at  first  because  they  are  nearest  to 
the  seat  of  the  general  centers  primarily  irritated,  those  in  the 
pituitary  body.* 

The  presence  of  marked  vascular  engorgement  has  been  emphasized 
by  a  large  number  of  observers.  Van  Gehuchten  and  Nelis,-'"  for  in- 
stance, found  "every^vhere  in  the  nervous  system  a  vascular  dilatation" 
and  in  some,  "general  thrombosis  of  the  small  veins  with  an  excessive 
perivascular  infiltration."  Babes-'"  had  previously  laid  stress  on  this 
condition.  In  a  case  controlled  by  inoculations  in  rabbits  by  Ravenel, 
and  reported  by  Krauss,-^  Wadsworth  found  "severe  congestion  of  the 
cerebral  and  spinal  meninges,  numerous  punctate  haemorrhages  in  the 
spinal  cord,  and  a  rupture  of  the  pleura."  In  another  case  proved  by 
inoculations,  J.  Douglas  found  "the  brain  moderately  congested,  also  the 
pons  and  medulla  and  especially  the  floor  of  the  fourth  ventricle." 
Tchernischeff  also  found  small  haemorrhages  in  the  floor  of  the  fourth 
ventricle,  besides  intense  hyperaemia  of  the  white  and  gray  substance  of 
the  cord,  etc.  Finally  Anglade  and  Choireaux,-™  in  a  series  of  compara- 
tive experiments,  found  that  intense  hypersemia  appeared  early  and 
simultaneously  in  the  blood-vessels  and  neuroglia  (which,  as  I  have 
pointed  out,  are  neural  capillaries)  and  that  these  lesions  were  not 
specific  to  rabies,  but  were  observed  in  other  disorders,  including  epi- 
lepsy. As  to  the  throat  and  oesophagus  being  the  seat  of  spasm  earlier 
than  other  structures  being  due  to  the  proximity  of  the  pituitary  body, 
Bradford'""  refers  to  the  fact  that  "a  wound  of  the  face,  inasmuch  as  it 
is  near  the  central  nervous  system,  is  for  that  reason  more  dangerous." 
The  sensorium  commune  of  the  posterior  pituitary  is  essentially  the  cen- 
tral motor  system  under  these  conditions,  as  I  have  shown. 

The  primary  cause  of  rabies  is  a  specific  virus,  the  nature 
of  which  has  not  so  far  been  determined,  introduced  into  the 
bitten  tissues  with  the  saliva  of  the  rabid  animal.  The  develop- 
ment of  the  disease,  i.e.,  the  spasmodic  period,  which  usually 
ends  fatally,  depends  upon  the  antitoxic  efficiency  of  the  bitten 
subject's  blood : — if  this  is  adequate,  as  is  the  case  in  about  84 
per  cent,  of  individuals  bitten  by  rabid  animals,  the  virus  is 
soon  destroyed  and  rabies  does  not  develop;  if  it  is  not,  the 
virus  indirectly  initiates  the  disease.*  In  the  latter  case  the 
interval  between  the  time  of  infection  and  the  appearance  of 
rabies  constitutes  the  period  of  incubation,  and  the  duration 
of  this  period  is  therefore  proportionate  with  the  antitoxic 
properties  of  the  blood.* 

*  Author's  conclusion. 

=96  Van  Gehuchten  and  Nelis:    Presse  medicale,  vol.  vli,  p.  113,  1900. 
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sosKrauss:    Phlla.  Med.  Jour.,  Jan.  26,  1901. 
=™  Anglade  and  Choireaux:   Progres  med.,  May  31,  1902. 
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RABIES. 


1491 


During  the  incubation  the  virus  is  likewise  destroyed  by 
the  blood's  auto-antitoxin,  but  only  in  the  arteries,  arterioles 
and  capillaries  that  contain  leucocytes,  because  these  cells  sup- 
ply the  proteolytic  ferment  and  nucleia  which,  with  oxidase, 
form  the  auto-antitoxiu.*  As,  conversely,  adrenoxidase-laden 
plasma  devoid  of  leucocytes  circulates  in  the  nervous  elements, 
i.e.,  the  axis-cylinders,  dendrites,  etc.,  the  neuroglia  and  neu- 
roglia-cells  and  all  other  neural  capillaries,  what  virus  pene- 
trates into  them  is  not  destroyed  and  it  accumulates  therein.* 
Hence  the  fact  that  the  virus  is  found  in  the  nervous  system 
and  not  in  the  blood.* 

The  penetration  of  the  virus  into  the  nervous  system  is  a  normal 
result  when,  in  accord  with  my  views,  all  nervous  elements  contain 
plasma  derived  from  the  general  circulation. 

The  minute  quantity  of  virus  that  is  capable  of  causing  rabies, 
and  its  presence  in  relativelj'  large  quantities  in  the  nervous  system 
and  some  glands,  and  many  other  facts,  involve  the  need  of  some  organ- 
ism such  as  the  bacillus  tetani  that  is  capable  of  secreting  toxins. 
Bradford^"'  concludes  a  review  c*  the  evidence  to  this  effect  with  the 
statement  that  although  "it  cannot  be  said  that  the  identity  of  the 
organisms  of  rabies  has  been  clearly  established"  ....  "there  are 
many  strong  arguments  in  favor  of  the  disease  being  of  microbic  origin." 
He  regards  Leblanc's  statistic?  as  to  the  proportion  of  persons  bitten 
by  rabid  animals,  and  which  place  it  at  16  per  cent.,  as  probably  the 
most  accurate. 

Duboug'"  is  credited  by  Pasteur^"'  with  the  statement  that  the 
virus  "propagates  itself  insensibly  even  to  the  central  nervous  system 
along  the  nervous  fibers" — the  first  suggestion  to  this  effect  confirmed 
by  Roux  and  many  others.  Pasteur,  Burdach,  Catani,  Di  Vestea  and 
Zagari^"**  and  others  also  found  that  the  intra-nervous  inoculation  was 
the  more  effective  in  producing  the  disease  experimentally. 

The  attenuation  of  the  virus  obtained  by  Pasteur  by  inoculating 
monkeys  in  succession  has  not  so  far  been  explained:  it  is  readily 
accounted  for  by  the  presence  of  auto-antitoxin — the  proteolytic  triad — 
in  the  blood  of  these  animals.*  Nor  has  the  manner  in  which  the  prophy- 
lactic effects  of  the  Pasteur  treatment  are  produced  been  shown:  As 
I  have  previously  {XJinted  out,*'^  "the  extract  of  desiccated  cord  injected 
raises  the  anterior  pituitary  body's  functions  to  their  normal  standard 
and  sustains  them  until  all  danger  is  past."  In  other  words,  it  stimu- 
lates the  test-organ  and  the  blood  of  the  exposed  subject  is  rendered 
sufficiently  rich  in  antitoxin  to  insure  the  destruction  of  the  virus.  That 
it  is  upon  the  functional  efficiency  of  the  adrenal  system,  therefore,  that 
the  development  of  rabies  depends,  is  obvious. 

The  time  finally  comes,  however — weeks  in  some,  months 

in  others — when  the  gradual  decline  of  catabolic  activity  due  to 

♦  Author's  cmclmion. 
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this  inhibition  of  the  adreno-thyroid  mechanism  by  the  virus, 
provokes  so  great  an  accumulation  of  toxic  vi^astes  in  the  blood 
that  notwithstanding  its  torpor,  the  test-organ  is  caused  to  react.* 
The  adrenals  and  the  thyroid  apparatus  being  stimulated,  the 
blood  receives  a  large  excess  of  adrenoxidase  and,  as  a  result,  a 
corresponding  surplus  of  trypsin  and  leucocytes,  the  source  of 
nucleo-proteid  granules.*  The  thyroid  apparatus  being  also 
and  simultaneously  activated,  thyroidase  accumulates  in  the 
blood  along  vi^ith  the  phagocytes  produced  during  the  leucocy- 
tosis.*  On  the  whole,  the  blood  suddenly  becomes  laden  with 
auto-antitoxin  and  germicidal  cells,  to  destroy  the  virus  if  pos- 
sible.* If  this  supreme  effort — which  marks  an  advanced  stage 
of  the  disease — fails,*  the  paralyzing  influence  of  the  virus  con- 
tinues and  death  soon  follows. 

The  reaction  to  the  accumulation  of  these  toxic  wastes, 
in  other  words,  is  the  spasmodic  period  of  the  disease,  the  fully 
developed  rabies.*  This  disease  differs  only  from  tetanus  in 
that  the  toxaemia  is  more  profound,  and  in  that  the  virus  tends, 
owing  to  its  paralyzing  influence  on  the  nerve-centers,  to  limit 
the  convulsions  of  the  extremities.  The  paralytic  phase  of  the 
disease  coincides  with  the  time  when,  the  virus  having  obtained 
the  upper  hand,  it  paralyzes  the  central  nervous  system.* 

The  true  action  of  the  virus  is  clearly  illustrated  by  the  so-called 
"paralytic"  form  of  rabies  first  described  by  Van  Swieten,  in  1771. 
Anders^™  refers  to  this  disease  as  follows:  "In  man  there  is  a  para- 
lytic form  of  rabies,  but  it  is  rare  as  compared  with  the  delirious  or 
psychic  type.  Thirty  cases  have  been  reported  by  Gamaleia,  and  it  is 
apt  to  follow  deep  and  multiple  bites.  The  paralysis  begins  near  the 
part  bitten  and  spreads  until  it  becomes  general,  finally  involving  the 
respiratory  centers."  If  the  virus  is  a  direct  spasmogenic  agent,  why 
should  the  large  quantities  introduced  fail  to  produce  spasm?  Experi- 
mental inoculation  points  in  the  same  direction.  In  rabbits,  guinea- 
pigs  and  other  herbivora,  the  paralytic  form  is  the  prevailing  one,  as  is 
well  known.  In  rabbits,  Di  Vestea  and  Zagari  observed  that  "from  the 
fifth  day  after  infection,  the  temperature  rises  vi^ith  light  febrile  move- 
ments, to  fall  suddenly  with  the  coming  on  of  the  first  paralytic  symp- 
toms until  the  resulting  death."  We  have  in  the  febrile  state  the  reac- 
tion of  the  adreno-thyroid  center,  but  the  convulsions  witnessed  in 
carnivora  fail  to  appear.  This  obviously  shows  that  the  spasms  are  in 
reality  grafted  upon  the  true  disease. 

Prophylactic  Treatment.— If  an  extremity  is  bitten,  a  liga- 
ture should  be  placed  immediately  above  the  lesion  to  encourage 
bleeding  and  reduce  the  amount  of  virus  distributed  by  the 


*  Author's  conclusion. 
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afferent  vessels.  The  wounds  and  all  their  recesses  should  then 
be  carefully  cleansed  and  then  asepticized  with  hydrogen  per- 
oxide, or  a  5-per-cent.  solution  of  potassium  permanganate. 
Cauterization  is  of  distinct  value;  nitrate  of  silver  has  been 
highly  recommended,  and  pure  carbolic  acid  likewise.  Experi- 
ments have  shown,  however,  that  opening  of  the  wound  under 
ansEsthesia  and  thorough  cauterization  with  fuming  nitric  acid 
gave  the  best  results. 

Gowers'"  states  that  "it  is  doubtful  whether  the  disease  ever  occurs 
if  a  stick  of  nitrate  of  silver  is  immediately  plunged  into  a  wound." 
Youatt^"^  considers  nitrate  of  silver  sufficient;  having  obtained  a  fail- 
ure in  a  single  case  out  of  400.  F.  Cabot^""  conducted  a  series  of  com- 
parative experiments  to  determine  which  was  the  best  cauterizing  agent, 
and  concluded  that  fuming  nitric  acid  was  the  most  effectual  substance 
for  cauterization,  and  that  it  was  of  great  value  if  employed  within 
the  first  24  hours.  J.  C.  Vaughan^^"  states  that  a  couple  of  drops  suffice 
in  the  wound  made  by  a  tooth.  The  slough  soon  separates,  leaving  a 
clean  wound  which  heals  readily. 

Agents  Which  Increase  the  Bactericidal  and  Anti- 
toxic Properties  op  the  Blood. — Pasteur's  preventive  inocu- 
lations, we  have  seen,  owe  their  virtue  to  their  stimulating  in- 
fluence upon  the  adreno-thyroid  center;  they  enhance,  there- 
fore, the  efficiency  of  the  body's  auto-protective  functions.* 
The  earlier  the  treatment  is  begun  the  better;  as  soon  as  the 
wounds  are  treated  as  above  and  dressed,  the  patient  should  be 
sent  to  the  nearest  Pasteur  Institute.  The  dog  should  not  be 
killed,  since  the  non-development  of  rabies  in  the  animal  within 
a  few  days  affords  proof  that  the  bites  were  benign. 

Pasteur  Institutes  have  been  established  in  New  York,  313  West 
Twenty- third  Street;  Baltimore,  corner  of  Saratoga  and  Calvert 
Streets;  Chicago,  228  Dearborn  Avenue. 

Other  prophylactic  measures  have  been  suggested.  Bouchard  used 
successfully  in  animals  a  fluid  obtained  by  filtration  from  rabies-infec- 
ted nerve-tissue.  Babes,  in  collaboration  with  Lepp,  Cerchez  and  Tele- 
secu,'"  likewise  conferred  immunity  in  animals  -with  a  serum  of  inocu- 
lated dogs — a  result  also  reached  by  Tizzoni,  in  collaboration  with 
Schwartz''^  and  Centanni,'''  with  sera  obtained  from  rabbits  and  sheep. 
These  agents  have  failed  to  gain  the  confidence  of  the  profession.  The 
serum  recommended  by  Tizzoni  is  far  more  powerful  than  that  of  Babes; 

*  Author'.t  conclusion. 
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but  the  fact  that  it  is  obtained  from  herbivora  suggests  the  reason  for 
this:  being  poor  in  antitoxin,  the  blood  of  these  animals  is  rich  in  virus. 
Babes's  serum  obtained  from  Carnivora  is  less  dangerous,  the  virulence 
of  the  virus  being  mitigated  by  the  potent  antitoxin  found  in  the  blood 
of  such  animals;  but  in  the  Pasteur  method  the  material  used  at  first 
is  obtained  from  spinal  cords  in  which  the  virus  has  been  rendered 
inactive,  and  it  is  only  when  (from  my  viewpoint)  the  blood  has  thus 
been  rendered  richer  in  antitoxin  that  the  virulent  cords  are  used.  It 
is,  therefore,  the  least  dangerous  method  of  its  kind. 

P.  B.  Hadley'^*  wrote  recently:  "Of  1608  cases  treated  at  the  New 
York  Pasteur  Institute  previous  to  1901,  only  four  gave  symptoms  of 
disorders  which  could  be  traced  directly  to  the  treatment.  Three  had 
a  partial  paralysis  of  the  lower  limbs,  lasting  from  one  to  three  weeks; 
one  patient  had  facial  paralysis  lasting  four  weeks.  All  of  these 
cases  made  uneventful  recoveries.  The  anti-rabic  vaccinations  may 
cause  a  slight  nervousness  among  neurasthenic  and  hysterical 
persons;  but  these  disturbances  are  never  serious  and  are  extremely 
rare.  As  to  actual  fatalities,  records  show  that  out  of  1367  persons 
treated  at  the  New  York  Pasteur  Institute  in  the  years  1890  to  1900 
there  were  nine  deaths,  a  mortality  of  0.65  per  cent.  In  1900,  from 
January  to  September,  at  the  New  York  Pasteur  Institute,  there  were  921 
cases  treated  and  two  deaths,  representing  a  mortality  of  0.1  per  cent. 
From  October  1,  1904,  to  October  1,  1906,  there  were  486  treatments  with 
one  death,  representing  a  mortality  of  0.206  per  cent.  Reports  from  other 
institutes  show  about  the  same  results;  and  finally,  a  compilation  of 
statistics  from  the  reports  of  the  Pasteur  Institute  of  Paris  for  the 
last  twenty  years  shows  that,  out  of  20,000  treatments,  the  mortality 
rate  has  been  0.25  per  cent." 

Unfortunately  not  every  one  can  bear  the  direct  and  traveling 
expenses  which  the  Pasteur  treatment  involves,  especially  in  this  country, 
where  the  Pasteur  Institutes  are  few.  The  need  of  equally  active  prophy- 
lactic agents,  offering  also  the  advantages  of  being  within  the  reach  of 
any  physician,  is,  therefore,  very  great. 

When  the  spasmodic  or  second  stage  of  rabies  is  allowed 
to  develop,  the  patient  is  practically  doomed,  his  auto-protective 
functions  being  virtually  paralyzed.*  It  is  upon  the  efficiency 
of  the  preventive  measures,  therefore,  that  his  life  depends* 
Both  the  virus  and  the  toxic  wastes  being  destroyed  by  the 
blood's  auto-antitoxin,  and  thyroid  extract  causing  a  rapid  in- 
crease of  the  latter,  this  remedy  not  only  meets  the  conditions 
of  a  powerful  prophylactic,  but  being  available  everywhere,  its 
use  may  be  begun  at  once;  3  grains  (0.19  gm.)  should  be 
given  every  two  hours,  in  adults.*  As  its  untoward  effects  are 
due  to  vasoconstriction  of  the  cardiac  coronaries,  which,  when 
excessive,  inhibits  the  heart,*  the  action  of  the  remedy  should 
be  watched;  and  if  the  pulse  become  weak  or  dyspnoea  appear, 
the  dose  should  be  reduced.  After  the  second  day,  5  grains 
(0.3  gm.)  three  times  a  day  after  meals  suffice  to  sustain  the 


*  Author's  conclusion. 
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antitoxic  activity  of  the  blood  above  the  normal  standard — 
above,  in  other  words,  the  efficiency  required  to  destroy  the 
virus.* 

The  pathological  kinship  between  rabies  and  tetanus,  and  the 
remarkable  effects  of  thyroid  extract  in  the  tetanic  convulsions  that  fol- 
low extirpation  of  the  thyroid,  distinctly  point  to  this  remedy  as  valu- 
able in  this  connection.  We  have  seen  that  the  proportion  of  adren- 
o.xidase  can  be  gauged  by  the  coagulation  time  and  that  thyroid  extract 
rapidly  increases  the  blood's  coagulating  properties,  and  that  the  propor- 
tion of  adrenoxidase  betokens  a  corresponding  increase  of  antitoxin. 
Strychnine,  we  have  seen,  likewise  enhances  the  formation  of  oxidase. 
Fleet-Surgeon  Thorpe'^  recently  ascertained  that  a  remedy  used  success- 
fully by  the  Chinese  not  only  as  a  prophylactic,  but  as  a  cure  in  the 
early  stages  of  developed  cases,  was  a  species  of  strychnos  seed  which, 
on  analysis,  gave  the  characteristic  tests  of  brucine  and  strychnine,  the 
former  being  in  excess.  In  India,  an  insect  closely  related  to  the  ordi- 
nary cantharis  vesicatoria  is  used  with  success,  according  to  Kotak.^" 
This  coincides  with  the  Russian  method,  i.e.,  hypodermic  injections  of 
potassium  cantharidate,  '■/^o  to  V30  grain  (0.001  to  0.002  gm. ),  or 
tincture  of  cantharides,  10  minims  (0.6  gm.)  three  times  daily.  Garlic 
is  extensively  used  by  the  Arabs.  All  these  agents  are  powerful  adreno- 
thyroid  stimulants — though  all  much  less  so  than  thyroid  extract. 

Moreover,  a  number  of  observers  have  found  that  in  vitro  the  blood 
destroyed  the  virus  in  from  15  to  22  hours;  but,  as  previously  stated, 
such  experiments  have  but  little  value,  the  adrenoxidase  being  promptly 
reduced  by  the  phosphorus-laden  nucleo-proteid  in  the  plasma. 

Among  other  agents  which  powerfully  stimulate  the  adrenal 
center  and  enhance,  therefore,  the  production  of  auto-antitoxin, 
are  the  iodides,  the  iiniodide  of  mercury,  and  digitalis.  The 
first  named  most  nearly  approximates  thyroid  extract  as  a 
prophylactic*  Less  active  as  adrenal  stimulants  are  strychnine 
and  quinine;  but  by  stimulating,  in  addition,  the  vasomotor  and 
motor  centers,  and  causing  general  vasoconstriction,  they  cause 
accumulation  of  the  blood  in  the  cutaneous  capillaries,  including 
those  around  the  injured  area,  where  the  auto-antitoxin  can  best 
destroy  the  virus.*  Cocaine  suggests  itself  as  an  efficient  pro- 
tective agent  in  this  connection,  but  the  danger  of  initiating 
the  cocaine  habit  should  be  borne  in  mind.* 

The  rapidity  with  which  the  hydrochlorate  of  quinine  drives  the 
blood  towards  the  periphery  and  thus  overcomes  a  localized  accumula- 
tion of  pathogenic  organisms,  their  toxins  and  detritus,  is  well  shown 
by  its  effect  in  the  treatment  of  furuncle.  Even  if  the  boil  is  one  of 
a  long  series,  3  grains  (0.18  gm. )  every  three  hours  cause  a  flushed 
face,  tinnitus,  headache,  etc.,  after  eight  or  ten  doses.  When  this  stage 
is  reached,  the  furuncle  rapidly  recedes.  In  some  of  my  cases  it  began 
to  do  so  after  the  sixth  dose.  This  method  should  not  be  used  in  sub- 
jects in  which  arteriosclerosis  is  likely  to  be  present.    Smaller  doses, 


♦  Author's  conclusion. 

Thorpe:   Lancet,  May  14,  1904. 
si'Kotak:    Indian  Med.  Record,  Feb.  15,  1893. 
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say  2  grains  (0.13  gm. )  with  1  grain  (0.065  gm. )  of  thyroid,  given  in 
the  same  manner,  soon  increase  the  proportion  of  oxidase  in  the  blood 
without,  in  the  average  case,  causing  either  tinnitus  or  the  other  phe- 
nomena mentioned.  Cocaine  might  be  used  in  the  manner  I  have  indi- 
cated under  "Coca  and  Cocaine." 

Heat  is  a  powerful  prophylactic.  By  exposing  the  bitten 
extremity  of  the  body  to  a  vapor  bath  until  free  sweating  occurs, 
blood  is  not  only  drawn  to  the  surface  and  the  injured  area, 
but  the  proteolytic  activity  of  its  antitoxin  is  greatly  enhanced.* 
The  chances  of  insuring  destruction  of  the  virus  are,  therefore, 
correspondingly  increased.*  Its  immediate  use  should  be  sup- 
plemented by  another  sitting,  after  the  blood's  antitoxin  will 
have  been  augmented  by  means  of  thyroid  extract  or  one  of  the 
above-named  adrenal  stimulants.* 

We  have  seen  that  the  proteolytic  activity  of  ferments  in  auto- 
antitoxin  is  greatly  increased  by  a  marked  rise  of  temperature.  The 
use  of  the  vapor-bath  was  recommended  by  Buisson,  and  has  been  used 
successfully  in  many  instances.  The  unsatisfactory  explanations  given 
as  to  its  physiological  action,  and  its  use  by  laymen,  have  caused  the 
method  to  fall  into  disrepute.  But  Shepard^"  has  collected  a  number  of 
hona  fide  instances  in  which  it  had  been  used  successfully  by  physicians 
not  only  as  a  preventive,  but  also  in  fully  developed  eases.  My  inter- 
pretation of  its  physiological  action  accounts  for  these  results. 

Irrespective  of  the  Pasteur  method,  the  foregoing  measures  appear 
to  me  ample  to  prevent  the  development  of  rabies  in  subjects  bitten  by 
rabid  animals. 

As  in  tetanus,  the  diet  is  an  important  feature  of  the  mor- 
bid process.*  The  fact  that  the  spasmodic  stage  does  not,  as  a 
rule,  occur  in  some  herbivora,  points  to  the  need  of  avoiding 
the  accumulation  of  toxic  wastes  derived  from  animal  foods,  i.e., 
of  prohibiting  the  use  of  meat  until  all  danger  is  past.*  The 
patient  should  also  drink  water  freely  in  order  to  facilitate  the 
elimination  of  end-products  of  metabolism. 

Treatment  of  Developed  Rabies. — In  the  light  of  my  views, 
the  measures  recommended  for  the  corresponding  stage  of 
tetanus  are  as  applicable  in  rabies.  The  reader  is  therefore 
referred  to  page  1446. 

If  used  promptly,  i.e.,  during  the  premonitory  stage,  these 
measures,  supplemented  by  others  described  below,  may  turn 
the  tide  in  favor  of  the  patient.  As  the  saliva  in  cases  of  de- 
veloped rabies  has  been  proved  to  be  infectious,  the  attendants 
should  carefully  cover  any  abrasion  that  they  may  have  on  the 
hands  or  face. 


*  Author's  conclusion. 

Shepard:   Jour.  Amer.  Med.  Assoc.,  Oct.  23,  1897. 
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As  mercury  and  iodide  stimulate  most  actively  the  adrenal 
center,  it  is  apparent  that  thyroid  extract  must  be  effective  in 
rabies  as  it  is  in  tetany,  but  in  larger  doses,  since  the  virus 
tends  to  paralyze  the  test-organ.*  Either  of  the  former  agents 
may  be  used  when  the  thyroid  extract  cannot  be  obtained.* 

Again,  inasmuch  as  the  spasmogenic  agent  is  in  rabies,  as  it 
is  in  tetanus,  an  autotoxin,  the  antitetanic  serum  meets  the  needs 
of  the  situation.  It  should  be  used  in  large  doses,  however,  and 
injected  into  the  median  basilic  vein.*  Many  of  the  successful 
cases  reported  had  been  bled ;  but  as  bleeding  alone  provokes 
tetany  by  diminishing  the  volume  of  fluid  in  which  the  spasmo- 
genic autotoxin  is  dissolved,  it  should  be  promptly  supplemented 
by  intravenous  injections  of  saline  solution. 

That  spontaneous  cure  may  occur  has  been  shown  experimentally 
by  Hogyes.'^  Out  of  159  animals  in  which  the  virus  was  injected  in 
fatal  doses,  recovery  occurred  in  1.3  instances  in  which  Pasteur  preven- 
tive inoculations  were  used.  The  seven  animals  treated  by  the  Pas- 
teur method  recovered.  Laveran'*'  and  Chantemesse'™  have  likewise 
reported  bona  fide  cases  which  led  them  to  conclude  that  rabies  was  not 
necessarily  fatal.  Although  the  many  eases  cured  during  the  earlier 
portion  of  the  nineteenth  century  suggest  the  possibility  of  errors  in 
diagnosis,  the  fact  remains  that,  according  to  Lucas  Benham,^"  mercury 
held  a  prominent  place  in  the  50  instances  of  recovery  cited.  Illing- 
worth^^^  recommends  intramuscular  injections  of  the  biniodide  of  mer- 
cury with  sodium  iodide  (1  to  50). 

The  use  of  saline  solution  was  praised  bj  Magendie  many  years 
ago.  The  reasons  adduced  in  favor  of  Baccelli's  carbolic  acid  treatment 
obtain  as  well  in  rabies,  and  there  is  reason  to  believe  that  it  would 
prove  very  efficacious  in  this  disease,  since,  as  observed  by  Blasi  and 
Travali,  the  virus  is  easily  destroyed  by  antiseptics,  especially  creolin. 
Moreover,  the  oral  use  of  a  solution  of  carbolic  acid  has  been  highly 
recommended  by  Declat  and  Peyroulx^^'*  as  a  prophylactic. 

The  vapor-bath  has  occasionally  given  good  results  even 

when  the  convulsive  period  was  well  advanced.    During  the 

premonitory  stage,  the  procedure  may  be  carried  out  readily,  but 

when  the  convulsions  have  begun,  it  is  sometimes  necessary  to 

fasten  the  patient  to  the  bed  or  chair. 

Interpreted  from  my  standpoint,  as  previously  stated,  the  proteo- 
lytic, i.e.,  antitoxic,  property  of  the  blood  is  greatly  enhanced  by  heat. 
Kellogg'"  states  that  "the  effect  of  the  vapor-bath  upon  the  body  tem- 
perature is  very  profound,  the  rectal  temperature  rising  in  the  course  of 
20  or  30  minutes  to  the  extent  of  3  to  4  degrees."    Again,  "the  axillary 

*  Author's  conrlusion . 

»i8H6gyes:    Orvosi  Hetilap,  vol.  v,  p.  36,  1889. 
'I'Laveran:    Semaine  mfidicale,  vol.  xi,  p.  180,  1891. 
"^o  Chantemesse:   IMd.,  vol.  xi,  p.  180,  1891. 

Lucas  Benham:   Lancet,  Mar.  1  to  15,  1890. 

Illinrworth :    "Abortive  Treatment,"  p.  19,  1888. 

D6clat  and  Peyroulx:    "L'acide  phfinique,"  Paris,  1874. 
32*  Kellogg:    "Rational  Hydrotherapy,"  p.  703,  1901. 
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temperature  rises  more  rapidly  and  to  a  higher  point  than  the  rectal 
temperature."  Obviously  the  bath  inhibits  for  a  time  the  elimination  of 
heat  and  thus  provokes  a  temporary  fever,  which,  like  all  febrile  pro- 
cesses, serves  to  destroy  the  pathogenic  element.* 

Buisson's  own  case  hardly  warrants  the  diagnosis  of  rabies;  but 
instances  of  unmistakable  rabies  in  which  the  Buisson  method  was  suc- 
cessfully employed  were  observed  by  Leon  Petit,  Hermance,  Cameron, 
Gray  and  others.^"  Some  of  these  used  the  Turkish  bath;  but  as  Kel- 
logg says:  "The  temperature  of  both  the  rectum  and  the  axilla  rises 
much  more  quickly  in  the  vapor-bath  than  in  the  Turkish  or  dry  hot 
air  bath."  Others  apply  the  cold-sheet  after  the  vapor-bath;  but  this 
imposes  upon  the  patient  an  unnecessary  hardship,  and  drives  the  blood 
into  the  deeper  vessels,  including  neural  capillaries.  The  longer  blood 
is  kept  in  the  peripheral  capillaries,  the  longer,  of  course,  the  virus  and 
the  spasmogenic  autotoxins  will  be  exposed  to  the  blood's  proteolytic 
action. 

Measures  Which  Control  Spasm. — Here,  again,  the 
measures  recommended  for  the  corresponding  stage  of  tetanus 
are  indicated,  but  only  when  their  use  is  necessary  to  arrest  the 
spasms  or  reduce  their  violence  while  the  blood's  auto-antitoxin, 
augmented  by  either  of  the  remedies  mentioned,  is  counteracting 
the  paralyzing  influence  of  the  virus.*  The  latter  is  in  reality 
the  death-dealing  agent  in  rabies,  and  to  destroy  it  should  be 
our  aim.*  The  bromides,  chloral  and  kindred  drugs  being 
themselves  paralysants,*  amyl  nitrite  inhalations  are  preferable, 
though  the  former  cannot  be  dispensed  with,  as  a  rule. 

A  ten-per-cent.  solution  of  cocaine  hydrocMorate  sprayed, 
not  into  the  mouth,  where  it  is  wasted  owing  to  great  amount 
of  saliva  secreted,  but  into  the  nasal  cavities  as  far  back  as  pos- 
sible, suggests  itself  as  a  valuable  adjuvant  to  prevent  parox- 
ysms.* It  trickles  down  the  post-nasal  cavities  and  the  pharyn- 
geal wall  and  by  anaesthetizing  the  superficial  sensory  terminals 
of  the  latter,  inhibits  the  intense  reflex  irritability  so  manifest 
in  this  region.* 

Osler'^°  recommends  the  local  application  of  cocaine,  but  the  quan- 
tity of  saliva  in  the  mouth  and  the  irritability  of  the  pharynx  render  this 
measure  very  difficult.  Free  spraying  into  the  nose  while  the  patient 
is  in  the  recumbent  position  is  readily  accomplished. 


*  Author's  conclusion. 

Cited  by  Shepard:    Lnn.  cit. 
^0  Osier:    "Practice  of  Medicine,"  third  edition,  p.  229,  1898. 
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THE  INTERNAL  SECRETIONS  IN  THEIR  RELA- 
TIONS TO  PATHOGENESIS  AND  THERA- 
PEUTICS (Continued). 

rAIN-CAUSING  DISORDERS  DUE  TO  HYPOACTIVITY  OF  THE 
ADRENAL  SYSTEM. 

Balfour^  wrote  a  few  years  ago,  referring  to  the  patho- 
genesis of  gout:  "With  all  our  increased  accuracy  in  details, 
it  does  not  appear  that  our  ideas  of  what  gout  really  is  are  any 
clearer  or  any  better  defined  than  those  of  our  forefathers."  If 
anything,  the  obscurity  surrounding  this  question  may  be  said 
to  have  become  greater,  more  recent  investigations  having  over- 
thrown those  which  ten  years  ago  seemed  of  great  promise. 
Even  these  modern  products  of  the  laboratory  evidently  rest 
upon  a  very  weak  foundation,  for  Graham  Lusk  in  a  recently 
published  work^  (1906),  closes  a  review  of  purin  metabolism  in 
gout  with  the  suggestive  remark  that  "present-day  doctrines 
concerning  metabolism  in  gout  may  shortly  become  entirely 
obsolete  through  new  and  far-reaching  discoveries."  In  truth, 
the  labor  that  physiological  chemists  have  devoted  to  this  sub- 
ject, though  fruitful  as  to  valuable  experimental  facts,  has  re- 
mained sterile  as  to  final  results,  and  will  continue  to  do  so 
because  they  persist  in  ignoring  the  cardinal  functions  of  the 
adrenal  secretions  in  metabolism  and  in  the  life  process  itself, 
where  their  work  has  proven  as  futile.  Indeed,  Lusk  also  writes^ 
in  this  connection:  "However  clearly  formulated  the  laws  of 
metabolism  may  be,  and  many  of  them  are  as  fixed  and  definite 
as  are  any  laws  of  physics  and  chemistry,  still  the  primary 
cause  of  metabolism  remains  a  hidden  secret  of  the  living  bio- 
plasm." It  is  only  by  a  broad  and  generous  conception  of  all 
available  lines  of  knowledge  that  we  can  ever  hope  to  solve  these 
great  problems  which,  as  we  have  already  seen,  involve  several 
of  the  scourges  of  mankind. 

1  Balfour:   Edinburgh  Med.  Jour.,  June,  1898. 

2  Graham  Lusk:    "The  Elements  of  the  Science  of  Nutrition,"  p.  287,  1906. 
'Graham  Lusk:  Ibid.,  p.  297. 
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In  the  present  chapter  I  propose  to  show,  not  only  that  the 
internal  secretions,  as  I  interpret  their  functions,  play  a  domi- 
nant role  in  the  pathogenesis  of  gout,  but  also  in  two  other  pain- 
ful disorders  closely  allied  to  this  disease,  migraine  and  neuritis, 
including  neuralgia. 

GOUT  AND  GOUTY  DIATHESIS. 

Synonyms. — As  to  Gout:  Podagra.  As  to  the  Gouty 
Diathesis:  the  Gouty  Habit;  JJriccemia;  Lithcemia. 

Definition. — The  "gouty  diathesis"  is  a  chronic  disorder  of 
metabolism,  due  to  inability  of  the  adrenal  system  to  insure, 
through  its  active  agent,  the  auto-antitoxin  (leucocytic  and  plas- 
matic), the  conversion  of  food  nuclein  into  harmless,  eliminable 
end-products.  This  inability  may  be  actual,  i.e.,  due  to  hypoac- 
tivity  of  either  of  the  organs  of  the  adrenal  system;  or  passive, 
these  organs,  though  normal,  being  unable  to  provoke  the  for- 
mation of  sufficient  auto-antitoxin  to  insure  catabolism  of  the 
excess  of  wastes  with  which  the  lymph  and  blood  are  burdened 
when  overeating  is  indulged  in.  In  either  case  the  blood  con- 
tains more  or  less  toxic  wastes  of  the  purin  type,  which  incite 
the  various  disorders  usually  ascribed  to  the  gouty  diathesis.* 

Acute  gout  is  the  indirect  result  of  an  exacerbation  of 
chronic  interstitial  nephritis  due,  in  turn,  to  the  presence  in  the 
blood  of  wastes  which  aggravate  this  renal  disease.  The  free 
excretion  of  the  sodium  salt  of  uric  acid,  sodium  biurate,  being 
prevented,  its  crystals  accumulate  in  great  part  in  the  joints, 
owing  to  the  absence  in  their  synovia,  under  normal  conditions, 
of  auto-antitoxin  and  phagocytes.  The  acute  attack  is  incited 
by  a  local  inflammatory  process  which  entails  the  presence  of 
these  defensive  agents  and  the  conversion  of  sodium  biurate  into 
simpler  products,  especially  urea,  to  facilitate  their  excretion. 
If  this  process  is  imperfectly  carried  out,  the  sodium  biurate 
accumulates  about  the  Joints,  forming  tophi.* 

Symptoms  and  Pathology. — An  attack  of  acute  gout  is 
generally  preceded  by  premonitory  symptoms,  i.e.,  disorders  of 
digestion,  anorexia,  flatulence,  foulness  of  the  tongue,  vertigo, 
irritability — or  the  converse,  mental  torpor  and  drowsiness — 
palpitations  with  a  tense,  hard  and  sometimes  irregular  pulse. 


*Author's  definition. 
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obstinate  constipation,  irritative  cough,  tinnitus  aurium,  mus- 
cular cramps,  neuralgia,  perversions  of  sensation,  especially  at 
the  extremities,  chilliness,  etc.  Any  of  these  symptoms  may 
occur  in  groups  which  may  be  said  to  vary  with  each  case,  each 
sufferer  having,  so  to  say,  his  own  set  of  precursory  signs. 
These  usually  cease,  however,  immediately  before  the  onset  of 
the  acute  attack;  in  fact,  the  patient  may  feel  unusually  well. 

These  phenomena  do  not  always  culminate  in  an  attack  of 
gout;  they  are  the  expression  of  a  condition  which  has  been 
termed  litlicemia,  uratcemia,  uricacidcemia,  uriccemia,  etc.,  which 
may  appear  as  readily  in  subjects  who  have  never  suffered  from 
acute  gout,  as  in  those  who  have.  In  the  former,  however,  the 
symptoms  are  less  marked :  the  tense,  hard  pulse  is  replaced  by 
a  slow  pulse,  and  irritability  with  depression  of  spirits,  gastric 
disorders  with  marked  acidity  and  nausea,  constipation,  vertigo 
and  throbbing  headache,  constitute  the  symptom-complex  in  the 
average  case.  Eczema  and  other  cutaneous  disorders,  hay-fever, 
migraine,  asthma,  pharyngitis,  and  many  other  disorders  have 
been  ascribed  to  lithaemia. 

The  onset  of  the  acute  attach  usually  occurs  at  night,  the 
patient  being  awakened  by  a  very  intense  pain  in  the  metatarso- 
phalangeal joint  of  the  great  toe.  Other  articulations,  those  of 
the  great  toe  of  the  other  foot,  the  fingers,  knees,  elbows,  etc., 
may  then  become  involved  in  the  morbid  process.  Any  of  these 
joints  may  be  the  seat  of  the  initial  attack,  especially  if  pre- 
viously injured.  The  affected  joint  becomes  the  seat  of  great 
tension  and  throbbing,  and  the  excruciating  pain  is  still  further 
intensified  by  the  slightest  touch  or  motion.  After  a  few  hours, 
i.e.,  towards  dawn,  relief  is  experienced,  and  the  patient,  after 
perspiring  freely,  is  able  to  sleep.  Some  pain  is  experienced 
during  the  succeeding  day,  when  the  affected  joint  is  found 
swollen,  shining,  tense  and  very  tender.  The  acute  pain  only 
recurs  the  following  night  and  thereafter  each  succeeding  night, 
with  daily  remissions,  until  the  attack  passes  off. 

During  the  acute  attack,  the  temperature  is  somewhat 
raised,  i.e.,  100°  to  102°  F.  (37.8°  to  38.9°  C.)  and  the  pulse 
likewise  from  80  to  100.  In  the  affected  joint,  however,  the 
opposite  is  the  case,  the  temperature  being  considerably  lower 
than  that  of  the  body  at  large,  sometimes  as  much  as  6°  F. 
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(3.3°  C).  Though  thirst  is  usually  marked,  anorexia  and  even 
aversion  for  solid  foods  are  often  correspondingly  great.  There 
is  nausea,  rarely  accompanied  by  vomiting,  and,  as  a  rule,  con- 
stipation. The  urine  presents  almost  typical  changes:  it  is 
scanty,  acid  and  highly  colored,  its  specific  gravity  being  high. 
Uric  acid  and  urates  are  precipitated  on  standing.  The  urine 
of  subjects  suffering  from  "lithsemia"  or  "uricacidsemia" — the 
so-called  gouty  diathesis — presents  precisely  the  same  character- 
istics. Albumin  and  sugar  are  also  present  during  acute  attacks 
of  gout. 

As  the  attack  progresses,  the  affected  joint  or  joints  become 
somewhat  (Edematous — a  symptom  especially  noticeable  when 
large  joints  are  involved.  About  the  fourth  or  fifth  day,  all  the 
acute  symptoms  begin  to  recede;  the  inflamed  joint  gradually 
becomes  less  painful,  and  desquamation  occurs,  the  pain  being 
replaced  by  tenderness,  itching — sometimes  quite  severe — and 
stiffness. 

Such  an  attack  usually  lasts  from  six  to  ten  days,  but  remis- 
sion may  appear  and  greatly  prolong  it.  This  is  apt  to  occur 
in  cases  of  long  standing.  When  complete  recovery  is  reached, 
the  patient  may  be  in  better  health  than  before  the  attack. 

Recurrence  of  a  seizure  may  at  first  take  place  only  after  a 
year,  but  the  intervals  usually  become  shorter  as  time  progresses 
until  the  attacks  recur  repeatedly  in  a  twelve-month.  As  they 
become  more  frequent,  the  pain  loses  its  severity,  but  the  patient 
steadily  becomes  weaker,  the  joints  do  not  as  readily  resume 
their  freedom  of  action,  and  may  remain,  in  fact,  swollen  and 
sensitive,  the  case  lapsing  into  one  of  chronic  gout. 

In  asthenic  cases  of  long  duration  metastasis  sometimes 
occurs,  the  so-called  metastatic  or  retrocedent  gout,  the  symp- 
toms, including  the  pain,  in  a  joint  suddenly  disappearing,  to 
reappear  abruptly  in  some  internal  organ,  the  heart,  brain,  stom- 
ach, testicles,  bladder  or  parotid  gland.  When  the  heart  receives 
the  brunt  of  the  attack,  its  action  becomes  irregular  and  there  is 
severe  prsecordial  pain  and  dyspnoea.  The  most  prominent  cere- 
bral manifestations  are  violent  excitement  with  severe  headache, 
or,  conversely,  hebetude;  these  may  be  associated  with  the  gas- 
tric metastatic  symptoms,  namely,  vomiting  and  diarrhoea,  with 
severe  gastro-intestinal  pain  and  marked  weakness.    In  the 
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other  organs  named  the  phenomena  are  those  of  acute  inflam- 
mation, viz.,  cystitis,  orchitis  and  parotitis.  Metastatic  gout  of 
the  heart  and  brain  has  been  attended  by  sudden  death. 

Chronic  gout  generally  occurs,  as  already  stated,  in  cases 
weakened  by  repeated  attacks,  particularly  in  those  of  long 
standing,  and  in  aged  subjects.  The  affected  joints  then  fail  to 
undergo  resolution  and  remain  stiff  and  swollen.  Tophi  or 
hard  masses  of  urates  then  form  over  them,  causing  them  to 
become  nodulated  and  greatly  deformed.  So  great  are  these 
accumulations  in  some  instances  that  dislocation  of  the  joint  is 
caused.  The  skin  may  also  be  stretched  to  such  a  degree  that  it 
sometimes  breaks,  allowing  the  chalky  masses  to  fall  out  or  to 
remain  exposed.  When  the  large  joints  are  the  seat  of  these 
accumulations,  they  become  rigid,  and  the  patient  is  gradually 
transformed  into  a  cripple.  Especially  is  this  the  case  when 
the  softer  structures,  the  periosteum,  tendons,  bursae,  etc.,  are 
invaded  by  the  morbid  process.  Almost  any  portion  of  the 
body,  in  fact,  may  become  the  seat  of  deposits,  the  eyelids,  the 
cornea,  the  crystalline  lens,  the  cartilages  of  the  ear,  nose,  the 
skin,  etc. 

Pathogenesis. — The  cause  of  the  symptoms  attributed  to 
a  "gouty  diathesis"  and  of  those  witnessed  in  acute  gout,  is  in- 
adequate catabolism  of  certain  food-products.  As  the  efficiency 
of  all  catabolic  (i.e.,  digestive)  processes  in  the  body  is  de- 
pendent upon  the  adrenal  system,  it  is  primarily  to  the  inability 
of  this  system  to  provoke  the  formation  of  enough  adrenoxidase, 
nuclein  and  trypsin — auto-antitoxin — that  the  morbid  process 
is  due.* 

The  inadequacy  of  the  adrenal  system  is  only  relative,  i.e., 
is  not  due  to  actual  functional  debility  of  the  adrenal  center  and 
other  organs  of  the  adrenal  system,  in  most  cases  of  "lithsemia" 
or  gout  caused  by  excessive  indulgence  in  animal  food  and  wines 
containing  considerable  alcohol,  etc.*  Even  the  excessive  stim- 
ulation to  which  the  adrenal  center  is  submitted  in  such  cases, 
as  shown  by  the  resulting  arterial  tension,  the  peripheral  hyper- 
semia,  the  congested  face,  etc.,  is  inadequate  to  free  the  blood  of 
toxic  wastes  by  breaking  them  down  to  simpler  and  benign  end- 
products.* 


*  Author's  conclusion. 
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In  the  majority  of  cases,  however :  those  in  which  heredi- 
tary predisposition  is  present,  those  due  to  insufficient  food  and 
squalor  ("poor  man's  gout")  or  to  overwork,  physical  or  men- 
tal, or  to  chronic  lead-poisoning,  both  "lithaemia"  and  gout, 
acute  or  chronic,  are  the  result  of  actual  functional  weakness  of 
the  adrenal  system,  and  to  the  imperfect  catabolism  of  waste- 
products  which  this  entails. 

This  relegates  the  primary  cause  of  gout  to  a  nerve-center,  that 
of  the  adrenals,  which  governs  all  nutritional  processes.  Cullen,  over 
thirty  years  ago,  attributed  to  the  nervous  system  the  primary  role  in 
the  pathogenesis  of  gout.  Leven,  of  Paris,*  Mortimer  Granville,"  Sir 
Dyce  Duckworth  and  others  have  strongly  urged  the  same  view,  i.e.,  that 
the  accumulation  of  the  pathogenic  elements  was  the  result  of  a  neu- 
rosis. Vindevogel,  of  Brussels,"  more  clearly  defined  the  nature  of  the 
central  disorders,  i.e.,  "an  enfeeblement  or  lessened  activity  of  the 
trophic  nervous  centers,  and  a  loss  of  equilibrium  between  the  processes 
of  assimilation  and  disassimilation,  by  which  the  products  of  disintegra- 
tion are  rendered  incomplete  or  toxic  to  the  economy." 

The  pathogenic  influence  of  debility  of  the  adrenal  center  may  be 
illustrated  by  the  connection  between  lead  and  gout,  urged  by  Garrod 
(1859),  Dickinson,  Lancereaux,  Rosenstein,  Leyden  and  others.  NobS- 
court,'  in  a  comprehensive  study  of  the  subject,  found  that  it  followed 
slow  intoxication,  that  it  appeared  at  about  the  same  age  as  ordinary 
gout,  i.e.,  during  the  fourth  decade,  and  that  the  gouty  diathesis  evoked 
by  lead  could  be  transmitted  by  heredity.  Now,  Lemoine  and  Joire'  had 
previously  ascertained  that  the  metal  interfered  with  catabolism,  thus 
favoring  the  formation  of  uric  acid  and  urates.  Liithje"  found  the 
blood  loaded  with  uric  acid  in  saturnine  gout — a  fact  which  available 
knowledge  could  not  explain.  It  is  clearly  accounted  for,  however,  by 
the  fact  that  lead  markedly  depresses  the  functional  activity  of  the 
adrenal  center,  and,  therefore,  the  production  of  adrenoxidase.  The 
paralytic  phenomena,  the  wrist-drop,  the  wasting,  etc.,  also  show  that 
it  reduces  nutrition,  i.e.,  that  its  action  is  a  debilitating  one.  Bou- 
chard has  pointed  out  that  gout  is  a  result  of  "slowed"  nutrition,  i.e.,  of 
inhibited  metabolism.  "Poor  man's  gout"  likewise  exemplifies  the  influ- 
ence of  impaired  nutrition  in  the  pathogenesis  of  the  disease. 

The  gastro-intestinal  disorders  observed  in  uricaemic  or 
gouty  subjects  are  the  normal  outcome  of  the  imperfect  gastric 
juice  and  auto-antitoxin  produced,  since  the  gastric  glands,  as 
well  as  the  pancreas,  are  themselves  inadequately  nourished  when 
the  supply  of  adrenoxidase  in  the  blood  is  subnormal.*  This 
applies  likewise  to  the  muscular  coats  of  the  stomach  and  intes- 
tines ;   hence  the  gastric  dilation  and  constipation,  the  post- 

*  Author's  conclusion. 
*  Leven:    Med.  Record,  May  26,  1888. 

"Mortimer  Granville:  Med.  Press  and  Circular,  Feb.  15-22,  Mar.  1,  1893. 
"Vindevogel:  "Nature,  Causes,  and  Conditions  of  Gout,"  Brussels,  1892. 
'  Nobecourt;    Semaine  mgd.,  Apr.  23,  1897. 

s  Lemoine  and  Joire:    Gazette  medicale  de  Paris,  8  serie,  T.  1,  pp.  1,  13,  25, 
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OLuthje:   Zeit.  f.  klin.  Med.,  Bd.  xxix,  S.  266,  1896. 
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prandial  discomfort,  the  nausea,  the  acidity,  the  flatulence,  etc., 
observed  in  such  cases.*  These  are  not  manifestations  of  gout: 
they  are  the  expression  of  the  debilitated  condition  of  the  gov- 
erning center  of  nutritional  processes,  i.e.,  the  adrenal  center.* 

The  gastro-intestinal  digestive  functions  being  imperfect, 
the  products  of  digestion  are  correspondingly  unfitted  for 
absorption.  As  it  is  this  material  which  the  digestive  leuco- 
cytes take  up  in  the  intestinal  canal  for  conversion  into  nucleo- 
proteid  granules,  i.e.,  into  living  tissue-chromatin,  they  become 
laden  not  only  vi'ith  what  products  of  digestion  are  suitable  for 
assimilation,  but  also  with,  products  that  have  been  imperfectly 
digested.*  The  leucocytes  thus  gamer  in  the  alimentary  canal 
materials  which  are  foreign  to  their  own  intrinsic  functions  and 
which  ultimately  become  the  pathogenic  elements  of  gout.* 

That  broken-down  leucocytes  can  be  the  source  of  the  pathogenic 
elements  of  gout  was  suggested  by  Horbaczewski,'"  who  held,  however, 
that  there  was  a  constant  proportion  between  the  number  of  white  cor- 
puscles and  the  amount  of  uric  acid  excreted.  The  latter  conclusion  was 
refuted  by  Kolisch'-^  and  others,  and  is  likewise  defective  from  my  stand- 
point, since  we  are  dealing  with  a  physiological — and  therefore  momen- 
tary— leucocytosis  which  invariably  attends  digestion,  and  not  with  the 
leucocytosis  that  occurs  during  disease,  though  Chalmers  Watson'- 
found  myelocytes  in  the  blood  in  the  interval  and  during  an  acute  attack. 
The  fact  remains,  however,  that  leucocytes  are  now  the  recognized  source 
of  the  pathogenic  elements  of  acute  gout,  especially  since  the  investiga- 
tions of  Burian  and  Schur"^^  and  Mares'*.  The  latter  observer  found, 
moreover,  that  an  increase  of  uric  acid  excretion  occurred  immediately 
after  meals.  This  coincides  with  clinical  observation.  A.  Robin,*'  for 
instance,  considers  "the  leucocytie  origin  of  uric  acid  as  definitely 
settled"  and  says,  referring  to  great  meat-eaters:  "The  blood  contains 
an  enormous  quantity  of  leucocytes.  This  is  what  is  termed  digestive 
leucocytosis." 

On  reaching  the  tissues,  or  rather  the  pericellular  lymph- 
spaces,  the  leucocytes  deal  out  their  nucleo-proteid  granules,  and 
these  are  absorbed  normally  by  the  tissue-cells,  and  converted 
into  living  substance,  i.e.,  chromatin.*  In  addition  to  these 
physiologically  normal  elements,  however,  the  leucocytes  simul- 
taneously secrete  products  of  disintegration  formed  in  these  cells 


*  Author's  conclusion. 

"  Horbaczewski:  Sitz.  d.  VPiener  Acad.  d.  Wissen.,  Bd.  c,  Abth.  lil,  S.  13, 
1891. 

'1  Kolisch:  "Ueber  Wesen  u.  Behandlung  der  uratischen  Diathese,"  Stutt- 
gart. 1895. 

1=  Chalmers  Watson:    Brit.  Med.  Jour.,  Jan.  6,  1900. 

"Burian  and  Sctiur:  Archiv  f.  d.  ges.  Physiol.,  Bd.  Ixxx,  S.  241,  1900;  Bd. 
Ixxxvii,  S.  239,  1901. 

1*  Mares:    Monats.  f.  Chemie,  Bd.  xiii,  S.  101.  1892. 
A.  Robin:    Rev.  de  therap.  med.-chir.,  vol.  Ixix,  p.  37,  1902. 
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out  of  the  imperfectly  digested  food-stuffs  absorbed  by  them  in 
the  alimentary  canal.*  Their  two  products  differ  totally,  there- 
fore, in  that  the  granules  are  useful  bodies  built  up  by  the  leuco- 
cyte, while  the  abnormal  substances  are  products  of  disintegra- 
tion ejected  by  the  cell  as  unfit  for  the  elaboration  of  living  sub- 
stance.* 

The  identity  of  these  wastes  depends  upon  the  stage  of  dis- 
integration they  have  reached  when  excreted  by  the  cell,  and 
this,  in  turn,  depends  upon  the  digestive  activity  of  the  intra- 
leucocytic  ferment:  (1)  When  the  adrenal  system  is  debilitated 
and  the  production  of  adrenoxidase  is  deficient,  the  cell  is  itself 
poorly  supplied  with  this  substance  and  the  heat-energy  liberated 
through  its  reaction  with  the  cellular  nuclein  is  inadequate  to 
raise  the  proteolytic  activity  of  the  cytase,  i.e.,  the  cell's  own 
proteolytic  ferment,  to  its  full  potency.*  As  a  result,  imperfect 
disintegration  occurs,  and  the  materials  ejected  by  the  leuco- 
cyte* are  intermediate  waste-products,  i.e.,  alloxuric  or  purin 
compounds :  xanthin,  hypoxanthin,  purin,  adenin,  etc., — all  de- 
rived from  nucleins  (and  not  from  proteids).  Several  of  these 
bodies,  especially  xanthin  and  hypoxanthin,  are  poisonous;  they 
are  not  only  the  pathogenic  elements  of  the  so-called  "gouty 
diathesis,"  "uricaemia,"  "lithgemia,"  etc.,  but  they  also  play  an 
important  role  in  the  pathogenesis  of  migraine  and  other  disor- 
ders. (2)  When,  conversely,  the  adrenal  system  is  adequate 
and  an  ample  supply  of  adrenoxidase  is  available,*  the  proteo- 
lytic process  is  carried  on  further,  and  instead  of  the  toxic  inter- 
mediate wastes  just  referred  to,  the  leucocytes  excrete  a  sub- 
stance which,  though  not  poisonous  in  itself,  may,  under  certain 
conditions,  provoke  acute  gout,  namely,  uric  acid. 

The  fact  that,  as  I  pointed  out  in  the  fifteenth  chapter,  leucocytes 
ingest  food-products  to  convert  them  into  tissue  elements,  harmonizes 
various  discordant  views.  Horbaczewski  believed  that  nucleins  were  not 
the  direct  source  of  uric  acid;  he  concluded,  however,  that  they  pro- 
voked leueocytosis,  and  that  these  leucocytes,  when  broken  up,  were  the 
source  of  the  uric  acid.  Since  the  latter  has  been  known  to  originate 
directly  from  nucleins,  this  interpretation  has  been  generally  discarded. 
Still,  the  prevailing  view,  as  stated  by  Hammarsten,  is  that  "the  uric 
acid,  in  so  far  as  it  is  produced  from  nuclein  bases,  is  in  part  derived 
from  the  nucleins  of  the  destroyed  cells  of  the  body  [tissue  cells]  and 
in  part  from  the  nucleins  or  free  bases  introduced  with  the  food."  If, 
however,  as  I  have  pointed  out,  it  is  the  function  of  the  leucocytes  to 
ingest  all  food- products,  uric  acid  is,  as  was  suggested  by  Horbaczewski, 


*  Author's  conclusion. 
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derived  from  these  cells  (mainly  secreted  by  them  with  their  granules 
in  the  lymph-spaces,  according  to  my  interpretation),  though  derived 
from  nucleins,  in  accord  with  his  opponents.  Even  his  belief  that  leueo- 
cytosis  played  a  part  in  the  process  is  warranted,  provided  we  consider 
it  a  digestion  leucocytosis.  Horbaczewski  can  be  said  to  have  been 
radically  wrong  only  in  believing  that  uric  acid  was  not  derived  directly 
from  nucleins. 

Another  important  feature  of  the  problem  is  the  identity  of  the 
process  through  which  the  nucleins  are  converted  into  xanthin,  uric 
acid  and  other  purin  compounds.  Contrary  to  the  prevailing  belief  that 
"oxidation"  is  the  direct  agent,  I  attribute  this  role,  in  keeping  with  the 
views  advanced  in  the  fifteenth  chapter,  to  a  trypsin-like  enzyme  whose 
nucleolytic  activity  is  sustained  by  heat-energy  liberated  by  the  inter- 
action of  adrenoxidase  and  nuclein  secreted  by  leucocytes.  This  view 
harmonizes  with  modern  experimental  evidence  in  the  present  connec- 
tion as  it  did  when  studied  in  its  relations  to  the  digestive  process  in 
the  alimentary  canal,  the  leucocytes  and  the  tissue  cells,  as  may  be  shown 
by  a  few  salient  facts. 

The  process  of  uric  acid  formation  described  by  Kossel  and  Fischer 
was  reviewed  in  the  first  volume."  Briefly,  they  showed  that  the  allox- 
uric  or  purin  compounds,  including  xanthin,  hypoxanthin,  etc.,  and  uric 
acid,  were  disintegration-products  of  the  nucleins,  nucleo-proteids  or 
nucleic  acid  of  many  articles  of  food.  Horbaczewski  then  found  that 
the  purin  compounds  could  be  converted  into  uric  acid,  and,  moreover, 
that  when  spleen  pulp,  which  is  rich  in  nuclein,  was  fed  to  man  or  ani- 
mals, the  output  of  uric  acid  was  increased.  Kriiger  and  Schmid"  then 
found  that  when  xanthin,  hypoxanthin,  guanin  or  adenin  was  adminis- 
tered to  men,  the  output  of  uric  acid  was  likewise  augmented.  These 
facts  clearly  point  +o  food-nucleins  as  the  source  of  uric  acid  and  to  the 
latter  as  an  advanced  disintegration-product. 

That  a  digestive  ferment  is  the  active  factor  in  the  process  is  sus- 
tained by  recent  research.  Mendel,'*  for  example,  says  in  a  recent  (1906) 
paper:  "Enzymes  are  no  longer  thought  of  exclusively  as  agents  of  the 
digestive  apparatus;  they  enter  everywhere  into  the  manifold  activities 
of  cells  in  almost  every  feature  of  metabolism" — a  fact  fully  in  accord 
with  the  functions  I  have  ascribed  to  the  "digestive  triad."  On  page  139 
of  the  first  volume  I  wrote:  "Horbaczewski,  in  a  series  of  experiments, 
observed  that  splenic  pulp,  allowed  to  digest  several  hours  with  blood 
at  the  body  temperature,  gave  rise  to  a  marked  increase  of  uric  acid  and 
nuclein  bases,  but  that  the  relative  amounts  of  these  products  depended 
entirely  upon  the  degree  of  oxidation."  In  other  words,  simple  digestion 
— and  therefore  a  limited  supply  of  oxygen — gave  xanthin  and  hypoxan- 
thin; the  addition  of  oxygen,  on  the  other  hand,  caused  the  formation 
of  uric  acid.  Now,  the  constituents  of  the  triad  were  obviously  present: 
the  phosphorus-laden  nuclein  in  the  splenic  pulp;  the  adrenoxidase,  ren- 
dered very  active  by  an  artificial  supply  of  oxygen,  in  the  red  corpuscles 
and  plasma ;  and  the  trypsin  in  the  leucocytes  and  plasma. 

It  now  becomes  a  question  whether  the  tissues  contain  a  ferment 
capable  of  converting  purin  bases  into  uric  acid.  Such  was  found  to  be 
the  case  recently  by  Schittenhelm.^"  Alcohol  inhibited  the  action  of  this 
ferment — precisely  as  it  does,  we  have  seen,  that  of  adrenoxidase.  More 
to  the  point,  however,  was  the  observation  of  Burian,^"  that  muscles,  and 
particularly  the  liver  and  spleen,  contain  an  oxidase  which  can  convert 
hypoxanthin  into  uric  acid.    This  process  also  requires  a  free  supply 


10  Cf.  vol.  i,  p.  137  et  seq. 

"  Kriiger  and  Schmid:    Zeit.  f.  physiol.  Chemle,  Bd.  xxxiy,  S.  549,  1902. 
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of  oxygen.  That,  in  view  of  these  experimental  facts,  a  deficient  supply 
of  adrenoxidase  should  entail  an  accumulation  of  these  toxic  wastes  in 
the  body  is  self-evident. 

Uric  acid,  though  itself  harmless,  becomes  pathogenic  when, 
owing  to  imperfect  elimination,  from  any  cause,  it  is  allowed  to 
accumulate  in  the  body.    It  may  then  give  rise  to  acute  gout. 

An  important  pathogenic  factor  in  this  connection  is  gran- 
ular atrophy  of  the  kidneys,  a  condition  in  which  the  permeabil- 
ity of  these  organs  is  more  or  less  reduced.  It  occurs  in 
individuals  who  have  suffered  during  a  prolonged  period  from 
the  so-called  "uric  acid  diathesis,"  i.e.,  individuals  in  whom, 
owing  to  insufficiency  of  the  adrenal  system,  the  blood  is  more 
or  less  laden  with  purin  compounds.*  These  bodies,  xanthin, 
paraxanthin,  adenin,  guanin,  etc.,  are  not  only  toxic,  but  they 
irritate  sufficiently  the  renal  epithelial  elements,  while  being 
eliminated,  to  provoke  after  a  given'  time  the  local  organic 
lesions  which  interfere  with  the  free  excretion  of  uric  acid. 

A  temporary  accumulation  of  these  poisons  in  the  blood 
during  an  exacerbation  of  lithsemia  may  also  cause  a  sufficiently 
marked  renal  congestion  to  interfere  with  the  free  elimination 
of  uric  acid  and  thus  provoke  an  access  of  gout. 

As  is  well  kno-wn,  considerable  uric  acid  is  found  in  the  blood 
in  leukaemia;  and  yet  these  cases  do  not  suffer  from  gout.  In  these  cases 
the  kidneys  are  permeable.  Conversely,  Levison,^"^  who  first  drew  atten- 
tion to  the  pathological  importance  of  renal  lesions  in  gout,  writes: 
"In  all  described  cases  of  gout  in  which  the  post-mortem  examination  is 
mentioned,  the  kidneys  have  been  found  diseased,  and  in  almost  all  cases 
they  were  suffering  from  granular  atrophy."  Luff,  moreover,  found 
uratic  deposits  in  41  cases  out  of  77  cases  of  granular  kidney.  Levison 
also  states  that  in  all  such  cases,  "the  power  of  elimination  of  the  kid- 
neys as  regards  uric  acid,  as  well  as  various  other  substances,  is  dimin- 
ished," and  that  "the  consequence  of  this  defective  elimination  of  uric 
acid  is  its  retention  in  the  blood  (von  Jaksch)."  Since  these  lines  were 
written  cases  of  gout  and  lithaemia  have  been  reported  in  which  no  renal 
lesions  were  found  after  death,  but  if  we  take  into  account  the  well- 
known  fact  that  the  kidneys  readily  become  congested  under  chemical 
irritation,  it  is  evident  that  their  permeability  may  readily  be  com- 
posed during  life,  though  no  lesions  be  discernible  post-mortem. 

That  purin  compounds,  xanthin,  hypoxanthin,  adenin  and  guanin, 
are  the  renal  irritants,  while  uric  acid  per  se  is  not,  was  first  shown 
by  Gaucher,  in  1884.  This  was  fully  confirmed  by  Kolisch,^^  whose  con- 
clusion was  based  on  observations  which  included  experiments  by  Tandler. 
The  renal  lesions  thus  produced  artificially  were  found  by  Paltauf  and 
Albrecht  to  be  identical  with  those  found  in  gout.  Croftan^  also  found 
that  both  xanthin  and  hypoxanthin,  when  injected  hypodermically  in  the 


21  Levison:    Sajous's  "Analyt.  Cyclo.  of  Pract.  Med.,"  vol.  in,  p.  350,  1899. 
^''Kolisoh:    Med.  Press  and  Circular,  Dec.  18,  1895. 
i^Croftan:    Jour.  Amer.  Med.  Assoc.,  July  8,  1899. 
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strength  of  0.3  to  0.7  per  cent,  watery  solution,  for  a  period  of  several 
months,  produced  granular  degeneration  of  the  epithelial  cells  lining 
the  convoluted  tubules  and  a  proliferation  of  the  endothelium  of  the 
intertubular  capillaries. 

If  renal  lesions — or  inflammatory  impermeability — are  necessary  to 
provoke  gout,  lead-gout  should  likewise  be  attended  with  such  lesions. 
Levison,  referring  to  the  experiments  of  Charcot,  Binet,  Coen  and 
d'Ajutolo,  and  to  clinical  observations  "in  persons  exposed  to  lead- 
poisoning,"  says  that  "one  of  the  earliest  and  most  constant  symptoms  of 
this  disease  is  a  pathological  change  of  the  renal  tubuli  conducive  in 
rather  a  short  time  to  granular  atrophy  of  the  kidneys."  Moreover, 
Garrod,-*  and  others  since,  found  uric  acid  in  the  blood  of  cases  of 
chronic  lead-poisoning.  As  lead  depresses  the  functional  activity  of  the 
adrenal  center,  and  inhibits,  therefore,  the  formation  of  adrenoxidase, 
the  cause  of  the  renal  lesions  is  the  same  as  in  gout,  i.e.,  inadequate 
cleavage  of  ingested  nucleins  and  the  production  of  xanthin,  hypoxanthin, 
etc.  Again  does  it  become  evident,  therefore,  that  gout  is  primarily 
due  to  any  toxic  capable  of  causing  adrenal  insufficiency. 

In  the  "gouty  diathesis"  or  "lithcemia"  some  of  the  symp- 
toms are  due  to  the  primary  depression  of  the  adrenal  system, 
namely,  the  gastro-intestinal  disorders,  as  already  stated,  the 
vertigo,  the  depression  of  spirits  and  the  slow  pulse — all  mani- 
festations of  inadequate  oxygenation.*  Other  symptoms,  how- 
ever, are  the  result  of  the  imperfect  catabolism  which  this  inade- 
quate oxygenation  entails,  the  pathogenic  agents  thus  formed 
being  poisonous  intermediate  wastes  of  undetermined  nature, 
but  which  include  xanthin,  paraxanthin  and  other  purin  bases. 
They  do  not  include  uric  acid,  however,  since  this  substance  is 
the  normal  end-product  of  nuclein  catabolism,  which  is  as  harm- 
less in  itself  and  as  readily  eliminated  by  the  kidneys  as  is  the 
normal  end-product  of  proteid  catabolism,  urea.  Among  the 
symptoms  produced  by  these  toxic  subcatabolic  wastes  are  those 
due  to  the  penetration  of  the  poisons  into  the  axis-cylinders, 
cell-bodies,  dendrites,  and  other  nervous  elements,  along  with 
the  adrenoxidase  circulating  through  them.*  Hence  the  migrain- 
ous headache,  the  neuralgia,  the  shooting  pains,  or  the  opposite 
states :  anaesthesia  and  other  paraesthesias.  and  also  the  extreme 
nervous  irritability  so  frequently  observed  in  these  cases. 

The  symptoms  of  the  so-called  "irregular"  or  "atypical 
gout"  observed  in  lithasmic  subjects,  and  which  sometimes  alter- 
nate with  attacks  of  true  gout,  are  due  to  the  same  subcatabolic 
poisons,  including  also  xanthin  and  other  purin  compounds,  but 
not  to  uric  acid.    In  addition  to  the  lithaemic  symptoms  just 


*  Author's  rnnduxion. 

2*Garrod:    Med.  Chir.  Trans.,  vol.  xxxi,  p.  83,  1848. 
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enumerated,  these  poisons  give  rise  to  eruptions  and  pruritus 
(as  excretion  products),  flushes  of  heat,  sometimes  limited  to  the 
palms  and  soles,  muscular  pains,  especially  in  the  back,  and 
inflammatory  phenomena  in  various  organs,  i.e.,  the  bronchi, 
pericardium,  bladder,  gums,  etc.,  and  also  in  the  vascular  walls, 
leading  to  arteriosclerosis.  Many  other  disorders,  migraine, 
epilepsy,  tetanus,  eclampsia,  etc.,  in  which  these  subcatabolic 
poisons  play  the  leading  role  are  reviewed  in  this  chapter. 

In  both  of  the  above  syndromes — which  in  reality  differ 
only  in  name — certain  of  the  phenomena  are  due  to  a  direct 
action  of  the  subcatabolic  poisons  upon  the  centers  in  the  pitui- 
tary.* The  flushes  of  heat  and  a  febrile  process  in  which  the 
temperature  is  raised  two  or  three  degrees  F.  are  often  con- 
comitant general  phenomena  which  point  to  excitation  of  both 
the  adrenal  center  and  the  sympathetic  center,  and  to  increase 
of  the  propulsive  activity  of  all  arterioles.*  Fever  denotes  here 
an  effort  to  raise  the  nucleolytic  activity  of  the  blood,  i.e.,  its 
asset  in  auto-antitoxin,  and  thus  to  convert  the  subcatabolic 
poisons  into  uric  acid,  i.e.,  into  a  benign  eliminable  end-pro- 
duct.* 

Uric  acid  is  found  in  the  urine  of  man  and  other  carnivorous 
mammalia,  and  abundantly  in  that  of  birds.  In  the  latter  and  in  the 
scaly  amphibians,  in  fact,  "the  greater  part  of  the  nitrogen  of  the  urine," 
as  stated  by  Hammarsten,  "occurs  in  this  form."  It  is  evident  that  in 
these  animals  it  occurs  as  a  terminal  waste-product,  that  as  such  it  is 
itself  non-toxic,  and,  finally,  that  it  is  eliminated  physiologically,  that  is 
to  say,  without  injuring  the  kidneys  or  any  other  organ.  That  uric 
acid  is  non-toxic  even  in  large  doses  was  shown  experimentally  by 
Bouchard. This  was  fully  confirmed  by  Croftan,-"  both  as  to  large 
quantities,  and  as  to  small  quantities  given  hypodermically  a  long  time, 
i.e.,  three  months.  Microscopical  examination  of  the  kidneys  in  the 
animals  of  the  latter  series  revealed  no  abnormalities.  Deposits  of 
urates  were  found  in  none  of  the  structures  examined,  including  the 
synovial  membranes  and  joints. 

We  have  seen  that  xanthin,  paraxanthin,  etc.,  produced  marked 
irritation  of  the  kidneys;  Salomon,"  Filehne,^  Pachkis  and  Pal"  and 
Rachford,'"  have  shown  that  these  substances  can  provoke  various  ner- 
vous disorders,  including  migraine,  muscular  rigidity,  tonic  spasms,  and 
also  marked  arterial  tension,  arteriosclerosis,  dyspnoea,  cyanosis  and 
rigor  mortis.  Paraxanthin  obtained  from  the  urine  of  a  case  of  mi- 
graine which  lapsed  into  "epileptoid"  tonic  spasms,  described  by  Raeh- 
ford,  reproduced  the  latter — "almost  a  tetanus" — in  mice.  Salomon 
found  that  0.0005  gm.  (V120  gr.)  sufficed  to  tetanize  a  mouse  fatally. 

*  Atithor's  conclusion. 

26  Bouchard:  "Lectures  on  Auto-Intoxication  in  Disease,"  transl.  by  Oliver, 
p.  51,  1894. 

2«Croftan:   N   Y.  Med.  Jour.,  Aug.  11,  1900. 

"  Salomon:    Archiv  f.  Physiol.,  S.  426,  1882,  and  other  papers. 

^Filehne:    DuBois-Reymond's  Archiv.,  S.  72, 

»  Pachkis  and  Pal:    Wien.  med.  Jahr.,  Bd.  xi,  S.  612. 

s»Rachford:    Med.  News,  May  26,  1894. 
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Croftan,'^  moreover,  found  in  all  so-called  uric  acid  disorders,  "an  abso- 
lute increase  over  the  normal  of  the  sum  of  uric  acid  and  alloxuric 
bases"  and  considers  the  latter  as  the  only  true  pathogenic  agents.  He 
also  attributes  their  formation  to  deficient  oxygenation,  for  "if  oxy- 
genation is  sufficient,"  says  this  investigator,  "we  have  the  formation  of 
uric  acid;  this  is  the  normal  process."  This  obviously  brings  us  back 
again  to  debility  of  the  adrenal  system  as  the  primary  cause  of  all 
so-called  "urieacidaemias." 

These  facts  indicate,  moreover,  that  xanthin  and  paraxanthin  are 
not  only  renal  irritants,  but  also  intense  neural  excitants.  These  phe- 
nomena are  readily  accounted  for  since  I  have  shown  that  the  blood- 
plasma,  the  carrier  of  these  poisons,  circulates  in  the  neural  elements 
themselves,  axis-cylinders,  the  fibrils  of  the  cell-bodies,  the  dendrites,  etc. 

The  premonitory  symptoms  of  acute  gout  are  similar  to 
those  of  "lithgemia"  and  "irregular"'  gout  and  are  due  to  the 
same  subcatabolic  poisons.  Here,  however,  the  pathogenic  in- 
fluence of  xanthin,  paraxanthin,  etc.,  assumes  the  primary  role. 
It  is  to  the  renal  disorder  evoked  by  these  poisons  that  the  attach 
of  acute  gout  is  due  when  the  quantity  excreted  is  sufficient  to 
provoke  marked  hyperaemia  or  inflammation,  whether  the  kid- 
neys be  previously  diseased  or  not.*  Hence  the  facts  (1)  that 
the  premonitory  signs  cease  before  the  onset  of  acute  attack, 
(2)  that  they  are  not  always  followed  by  an  access,  or  (3)  that 
between  the  premonitory  signs  and  the  onset  of  acute  gout 
there  is  usually  a  period  of  relief  and  well-being — all  the  result 
of  a  more  or  less  complete  renal  elimination  of  the  alloxuric 
poisons  with  what  proportion  of  them  may  have  been  further 
catabolized  into  uric  acid.*  The  attack  of  gout  fails  to  develop 
if  the  kidneys  are  left  permeable  after  this  eliminatory  process; 
conversely,  it  develops  if  the  renal  congestion  produced  is  suf- 
ficiently active  to  inhibit  markedly  the  excretion  of  uric  acid 
and  to  cause  it  to  be  retained  in  the  body  in  sufficiently  large 
quantities. 

Although  renal  disease  is  probably  present  in  the  vast  majority 
of  cases  of  gout,  as  we  have  seen,  it  cannot  itself  be  the  direct  cause 
of  the  attack,  since  the  latter  would  be  continuous — in  keeping  with  the 
renal  lesion.  As  the  average  attack  usually  lasts  but  a  few  days  and  is 
followed  by  a  period  of  health,  it  is  evident  that  a  temporary  exacer- 
bation of  the  local  lesions  or  an  ephemeral  inflammatory  process  is  neces- 
sary to  account  for  it.  Xanthin,  hypoxanthin,  etc.,  being  irritants  of  the 
renal  elements,  become  normal  causes  of  this  temporary  morbid  pro- 
cess, especially  in  view  of  the  fact  that  even  ^arge  doses  of  uric  acid 
given  orally  or  hypodermieally,  are  harmless. 

Although  under  these  conditions,  the  excretion  of  uric  acid  or  its 
salts  during  the  attack  must  vary  with  the  functional  efficiency  of  the 
diseased  kidneys,  the  nucleolytic  activity  of  the  blood,  etc.,  and  therefore, 
to  a  great  extent,  in  different  cases,  and  at  different  times  in  the  course 


*  Author's  conclusion. 

'^Croftan:    Jour.  Amer.  Mgd.  Assoc.,  July  8,  1899. 
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of  a  given  case — as  observed  clinically — the  fact  remains  that  various 
authors  have  noted  a  sudden  diminution  of  the  uric  acid  excretion  imme- 
diately before  the  acute  attack.  His,^-  for  example,  found  that  while  the 
average  quantity  of  uric  acid  excreted  by  lithsemic  subjects  was  similar 
to  that  excreted  by  healthy  persons,  "an  acute  attack  of  gout  was  prac- 
tically invariably  introduced  by  a  very  marked  depression  in  the  quan- 
tity of  uric  acid,  or  even  its  complete  disappearance.  This  occurred  on 
the  day  before  the  attack  in  10  instances,  tv^^o  days  before  the  attack  in 
2  instances,  and  three  days  before  the  attack  in  3  instances."  This  is 
explained  by  the  course  of  events  outlined  in  the  general  text:  the 
uric  acid  accumulated  in  the  body  (owing  to  increasing  renal  inflamma- 
tion) during  the  one  to  three  days  preceding  the  attack,  and  the  latter 
broke  out  as  soon  as  the  volume  of  uric  acid  reached  a  sufficient  level. 

Although  carried  by  the  blood-stream  to  all  parts  of  the 
organism,  uric  acid  accumulates  in  fluids  such  as  the  synovia  of 
joints,  lymph,  etc.,  and  tissues  such  as  cartilage,  ligaments,  ten- 
dons, bursae,  etc.,  because  it  is  not  as  actively  exposed  therein  to 
the  substances  which  in  the  blood  serve  to  antagonize  its  mor- 
bid effects.*  Gout  being  in  reality  a  febrile  disease,  and  the 
expression  of  an  autoprotective  function,  the  blood  becomes 
loaded  with  defensive  materials,  namely,  leucocytes  capable  of 
acting  not  only  as  phagocytes,  but  also  as  the  purveyors  of  the 
trypsin  and  nuclein  which,  with  the  adrenoxidase  dealt  out  by 
the  red  corpuscles,  constitute  the  auto-antitoxin.*  As  uric  acid 
can  be  further  catabolized  under  these  conditions  to  still  simpler 
products,  urea,  allantoin,  glycocoU,  and  other  bodies  more  read- 
ily excreted  by  the  congested  kidneys  than  uric  acid,  the  blood, 
especially  while  in  transit  through  the  liver,  is  kept  relatively 
free  of  uric  acid  as  long  as  the  febrile  process  lasts.  Not  so, 
however,  with  the  Joints  (and  nerves)  and  other  structures 
enumerated.  In  synovia,  for  example,  the  red  corpuscles  and 
leucocytes  are  absent  under  normal  conditions,  and  uric  acid 
failing  to  be  destroyed  therein  as  elsewhere,  it  accumulates  in 
the  joint.*  During  the  attack  the  latter  is  the  seat  of  an  exuda- 
tion containing  many  leucocytes,  but  as  compared  to  the  blood, 
very  few  red  corpuscles.  As  the  local  supply  of  adrenoxidase, 
of  which  these  cells  are  the  carriers,  is  deficient,  the  heat  energy 
available  to  raise  the  catabolic  efficiency  of  the  trypsin  is  far 
below  that  of  the  blood,  and  the  curative  process  is  slow  in  pro- 
portion. Hence  the  fact  that  the  temperature  of  an  affected 
joint  in  gout  is  sometimes  as  much  as  6°  P.  (3.3°  C.)  lower 
than  that  of  the  body  at  large.* 

*  Author's  conclusion. 

s^His:    Deut.  Archiv  f.  klin.  Med.,  Bd.  Ixv,  S.  166,  1899. 
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In  the  joint  affected  the  lesion  is  tliat  of  a  low  grade  of 
inflammation,  involving,  however,  a  certain  degree  of  softening 
of  the  exposed  cartilage,  and  penetration  therein  of  the  acicular 
crystals  of  the  sodium  salt  of  uric  acid,  i.e.,  sodium  biurate. 
The  curative  process  therein  is  a  counterpart  of  that  carried  on 
in  the  blood.  It  is  efficient,  therefore,  in  proportion  as  the 
activity  of  the  adrenal  system  is  marked,  i.e.,  in  proportion  as 
the  relative  volume  of  adrenoxidase,  nuclein  and  trypsin  in  the 
fluids  is  great.*  As  leucocytosis  is  likewise  commensurate,  all 
else  being  equal,  with  the  adrenal  activity,  there  is  (1)  breaking 
down  of  the  uric  acid  salt  into  simpler  products,  especially  urea, 
by  the  auto-antitoxin,  and  (3)  phagocytosis  of  the  detritus — the 
cartilage  being  left  somewhat  granular.* 

As  stated  by  Lazarus  Barlow,''  "it  has  been  repeatedly  proved 
by  quantitative  analysis  that  the  amount  of  uric  acid  in  the  blood  is  at 
its  maximum  immediately  before  an  attack  of  gout,  and  diminishes  imme- 
diately after  the  attack  has  subsided.  This,  taken  in  conjunction  with 
the  fact  that  the  crystalline  sodium  biurate  is  actually  found  in  joints 
that  have  been  the  seat  of  gouty  inflammation,  is  sufficient  evidence 
tnat  gout  depends  upon  the  retention  of  uric  acid."  Analysis  of  these 
statements,  which  are  based  on  a  comprehensive  view  of  the  literature 
of  the  subject,  will  indicate  that  my  interpretation  of  the  process — 
that  submitted  above — is  in  accord  with  experimental  evidence,  besides 
liarmonizing  with  the  conclusions  submitted  in  the  foregoing  pages. 

"The  power  of  the  animal  organism  to  catabolize  uric  acid  like 
other  nitrogenous  compounds"  is  considered  by  Mendel,  "one  of  the 
fruits  of  modern  research  which  has  profoundly  changed  our  attitude 
toward  the  problems  of  purin  metabolism."  Wohler  and  Frerichs,'* 
Wiener'^  and  others  have  shown  that  uric  acid  could  be  destroyed  in 
great  part  in  the  organism,  and  more  or  less  completely  converted  into 
urea.  Salkowski,  Mendel,  Brown,  Minkowski  have  pointed  to  allantoin 
as  an  important  product  of  uric  acid,  Wiener  to  glycocoll,  etc.  Chas- 
sevant  and  Richet,'"  Ascoli"  and  others  found  that  the  liver  played 
a  very  prominent  part  in  this  process.  Schittenhelm'*  recently  found 
that  tipo  sets  of  ferments  were  concerned  in  this  process,  one  of  which 
hydrolyses  and  detaches  the  ammonia  group,  while  the  other  oxidizes 
and  breaks  down  the  uric  acid.  The  former  is  obviously  the  trypsic 
ferment  and  the  latter  adrenoxidase.* 

That  the  joints  should,  conversely,  be  the  seat  of  slow  eatabolism, 
is  shown  by  the  fact  that  even  during  active  inflammation  the  local 
temperature  is  relatively  low.  Thus,  Balfour'"  refers  to  "the  absence  of 
excessive  heat  in  joints  affected  with  gout"  and  to  the  fact  that  "some 
observers  have  found  such  joints  lower  in  temperature  than  surround- 
ing parts."    Dyce  Duckworth*"  observed  a  difference  of  five  degrees. 


*  Author's  conclusion. 

S3  Lazarus-Barlow:    "Manual  of  Gen.  Pathol.,"  second  edition,  p.  597,  1904. 

^Wohler  and  Frerichs:    Annal.  d.  Chem.  u.  Pharm.,  Bd.  Ixv. 

33  Wiener:    "Brgebnisse  der  Physiologie,"  Bd.  i,  Abt.  i,  1902. 

38  Chassevant  and  Richet:    C.  r.  de  la  Soc.  de  biol.,  vol.  xlix,  p.  743,  1897. 

3' Ascoli:    Archiv  f.  d.  ges.  Physiol.,  Bd.  Ixxii,  S.  340,  1898. 

Schittenhelm:    Zeit.  f.  physiol.  Chemie,  Bd.  xlv,  S.  121  u.  161,  1905, 
30  Balfour:   Loc.  cit. 

Dyce  Duckworth:    "Treatise  on  Gout,"  London,  1889. 
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James  Tyson"-  also  says  that  "the  local  temperature,  notwithstanding  the 
sensation  of  heat,  is  five  or  six  degrees  below  that  of  the  axilla  at  the 
same  time." 

The  urine  often  shows  clearly  the  presence  of  renal  obstruction: 
we  have  seen  that  it  is  scanty,  highly  colored,  etc.  While  the  uric  acid, 
excreted  in  twenty-four  hours  before  and  during  the  attack,  may  be 
markedly  reduced,  as  emphasized  by  Bartel,  Dyce  Duckworth  and 
others,''-  having  obtained  but  0.2  to  0.5  gm.  (3  to  8  grains)  from 
100  gms.  (3V2  ounces)  of  urine  (which  in  health  gives  1  to  1.5  gm.), 
along  in  some  cases  with  all  exerementitious  products,  the  end  of  the 
attack  is  characterized  by  a  free  excretion  of  urea  and  uric  acid  which 
continues  several  days.  Still,  the  clinical  evidence  on  this  score  is  quite 
contradictory.  This  is  readily  accounted  for  by  the  fact  that  the  catabol- 
izing  properties  of  the  blood  and  the  degree  of  renal  disorder  may  be 
said  to  vary  with  each  case. 

When  the  uric  acid  salts  or  biurates  accumulated  in  joints 
(and  elsewhere)  fail  to  be  adequately  broken  down  to  simpler 
products,  they  accumulate  in  situ,  forming  tophi.  At  first  mor- 
tar-like and  soft,  these  nodules  gradually  harden,  and  as  succeed- 
ing accumulations  occur,  the  joints  become  increasingly  anky- 
losed  and  distorted.  The  development  of  tophi,  i.e.,  of  chronic 
gout,  is  due  to  debility  of  the  adrenal  system,  i.e.,  to  insuffi- 
ciency in  the  body-fluids  of  the  "digestive  triad,"  i.e.,  of  auto- 
antitoxin,  of  the  sensitizing  thyroidase,  and  of  the  phagocytic 
leucocytes  whose  mission  is  to  prevent  such  accumulations  by 
ridding  the  regions  attacked  of  all  detritus.* 

We  have  seen  that  chronic  gout  occurs  in  cases  weakened  by  re- 
peated attacks  and  in  aged  individuals — all  subjects  in  whom  debility  of 
the  adrenal  system  is  self-evident.  As  stated  by  Levison,  "the  urine  in 
chronic  gout  is  pale  and  watery"  and  contains  "casts  of  renal  tubuli, 
hyaline  or  granulated,"  evidence  of  marked  renal  implication,  while  "the 
patients  are  weak  and  pale."  Indeed,  as  taught  by  Bouchard"  over 
twenty  years  ago,  the  phenomena  often  observed  in  chronic  gout,  oedema, 
cardiac  lesions,  cerebral  and  gastric  disorders,  etc.,  are  in  reality  renal, 
and  the  patient  dies  of  his  renal  disease. 

Treatment. — Measures  Indicated  During  an  Acute  At- 
tack.— Between  the  use  of  "flannel  and  patience"  recommended 
by  Cullen  and  the  modern  local  hot-air  bath  at  300°  F.  and 
above,  applied  to  the  affected  joint,  are  many  devices  such  as 
the  hot  douche,  the  local  sweat  pack,  the  local  vapor  bath, 
radiant  heat,  the  hot  dry  pack,  etc.,  the  application  of  hot 
alcohol,  hot  anodyne  liniments,  etc.,  which,  when  judiciously 
employed,  prove  very  efficacious.    The  mode  of  action  of  heat 

*  Author's  conclusion. 

James  Tyson:    "Practice  of  Medicine,"  third  edition,  p.  785,  1905. 
"  Bartel,  Duckworth  and  others:    Cited  by  Pfeiffer:    Lancet,  Jan.  3,  1891. 
*5  Bouchard:    "Mai.  par  ralentissement  de  la  nutrition,"  second  edition,  p. 
282.  1885. 
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in  this  connection  illustrates  that  of  remedies  which,  given  inter- 
nally, have  likewise  been  found  useful.  During  the  attack,  the 
affected  joint,  we  have  seen,  is  invaded  by  leucocytes  which  sup- 
ply it  with  this  ferment  and  nuclein,  while  red  corpuscles,  the 
purveyors  of  adrenoxidase,  are  relatively  few.  Though  trypsin 
and  nuclein  are  plentiful,  therefore,  in  the  exudate  the  adren- 
oxidase is  scanty,  and  the  heat-energy  liberated  when  it  com- 
bines with  nuclein  is  insufficient  to  raise  the  activity  of  the 
trypsin  to  a  level  that  will  insure  prompt  conversion  of  the 
accumulated  uric  acid  into  benign  and  eliminable  products.* 
As  the  source  of  the  heat-energy  required  in  the  process  is  imma- 
terial, hot  lotions,  hot  dry  air,  etc.,  are  effective  in  proportion 
as  they  are  able  to  raise  the  temperature  of  the  interior  of  the 
joint  to  a  level  at  which  trypsin,  i.e.,  the  local  auto-antitoxin, 
becomes  very  active.*  Hence  the  relatively  great  efficiency  of 
hot  dry  air,  which  brings  to  bear  upon  the  surface  greater  heat 
than  any  other  procedure.  Massage,  when  it  can  be  borne, 
hastens,  local  resolution  by  a  similar  process.* 

We  have  seen  that,  as  stated  by  Hammarsten,  temperature  exerts 
"a  very  important  influence"  on  ferments.  Roberts'"  showed,  moreover, 
that  the  activity  of  trypsin  increased  with  rising  temperature  until 
60°  C.  was  reached.  Artificial  heat  was  used  here,  the  trypsin  being 
in  vitro.  Active  congestion  of  the  joint,  encouraged  by  using  it,  is  bene- 
ficial in  much  the  same  way.  Balfour*'  refers  to  several  cases  mentioned 
by  Cullen,  Sir  William  Temple,  Gairdner  and  others,  who  "walked 
off"  their  attacks,  and  to  Boerhaave's  advice  to  take  much  and  continu- 
ous exercise,  and  to  rub  the  affected  part,  etc.  Any  procedure  which 
increases  the  activity  of  the  local  circulation  not  only  augments  the  pro- 
portion of  "digestive  triad"  supplied  to  the  part,  but  raises  also  the  local 
temperature,  and  hastens  the  removal  of  detritus.*  Hence  the  recog- 
nized value  of  massage. 

Appropriate  purgatives  at  the  outset  of  an  acute  attack 
serve  several  purposes :  they  enhance  the  catabolic  activity  of 
the  blood  not  only  in  the  liver  where  the  breaking  down  of  toxic 
wastes  is  most  active,  but  also  in  the  body  at  large,  and  thereby 
tend  to  arrest  the  accumulation  of  uric  acid  in  the  joints.* 
Moreover,  by  increasing  the  excretory  activity  of  the  intestinal 
canal  they  reduce  the  work  imposed  upon  the  kidneys  and 
diminish  the  congestion  of  these  organs.* 

Most  active  in  this  connection  are  the  mercurial  purgatives. 
As  they  stimulate  powerfully  the  adrenal  center,  the  production 


*  Author's  conclusion. 

"Roberts:  Proc.  Royal  Soc.  London,  vol.  xxxii,  p.  158,  1881. 
*^  Balfour:    Loc.  cit. 
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of  auto-antitoxin  is  increased  and  the  specific  action  of  these 
agents  on  the  liver  enhances  actively  the  destruction  of  uric 
acid.*  Calomel  or  blue-mass  gives  excellent  results.  Colocynth 
and  jalap  have  likewise  been  used,  but  their  effect  upon  cata- 
bolism  is  much  less  marked.  A  saline  purgative  given  after 
either  of  these  materially  aids  the  beneficial  effect  by  causing 
flushing  of  the  intestine  with  a  serous  discharge. 

The  beneficial  action  of  calomel  has  been  emphasized  by  Grimm." 
Having  employed  it  expecting  merely  a  purgative  effect  in  a  case,  he 
obtained  marked  amelioration  in  the  condition  of  the  joints.  Similar 
results  were  then  observed  in  18  out  of  20  cases  which  form  the  basis  of 
his  report.  Levison  states  that  in  England,  where  gout  is  especially 
common,  practitioners  often  begin  the  treatment  "by  the  administra- 
tion Of  a  free  purgative:  calomel  and  jalap  or  mistura  sennae  com- 
posita." 

The  remedies  which  have  held  their  own  in  gout,  produce 
their  main  effect  by  acting  much  as-  do  cholagogue  purgatives. 
Colchicum  is  the  most  prominent  of  these  agents.  Like  purga- 
tives, it  increases  general  catabolism  in  the  blood,  and  partic- 
ularly in  the  liver.  Given  in  excessive  doses,  however,  or  too 
long,  it  stimulates  powerfully,  not  only  the  adrenal  center,  but 
also  the  vasomotor  and  sympathetic  centers,  producing  not  only 
a  marked  increase  of  vascular  pressure  prejudicial  to  the  kid- 
neys, but  also  exposing  the  heart  to  inhibition  by  causing  undue 
constriction  of  its  coronary  arteries.*  The  danger-signals  are 
active  purgation  and  weakness  of  the  heart's  action  with,  per- 
haps, some  irregularity.  It  is  to  its  action  on  the  sympathetic 
center  and  the  constriction  of  the  peripheral  arterioles  that  it 
owes  its  analgesic  property,  the  supply  of  arterial  blood  to  the 
sensory  terminals  of  the  skin  being  thus,  reduced.*  In  the 
average  case  10  to  20  minims  (0.61  to  1.22  gm.)  of  the  wine 
may  be  given  every  three  hours.  Colchicine  is  preferred  by 
many  clinicians,  the  dose  being  ^/.^  grain  (0.0013  gm.)  every 
four  hours,  or  better  ^/j^^  grain  (0.00065  gm.)  every  two  hours. 
The  drug  should  be  withdrawn  when  the  pain  is  controlled 
(usually  within  48  hours)  or  when  purgation  is  marked.*  The 
Carlsbad  tvaters  owe  their  marked  beneficial  effects  in  gout  to 
their  main  constituent,  a  purgative  salt,  sodium  sulphate,  and  to 
the  ingestion  of  considerable  water  which  their  use  entails;  the 


*  Author's  conclusion. 

«  Grimm:    Deut.  med.  Woch.,  Bd.  xix,  S.  395,  423,  1893. 
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active  ingredients  of  Scudamore's  remedy  are  also  purgative 

salines,  magnesium  sulphate  and  magnesia. 

Colehicum  is  generally  considered  as  a  specific  for  gout.  H.  C. 
Wood"  states  that  "so  far  as  our  knowledge  reaches,  colehicum  or  its 
alkaloid,  when  given  in  therapeutic  doses,  produces  no  definite  symp- 
toms save  purgation."  That  it  does  more,  however,  is  shown  by  evi- 
dence quoted  by  this  author.  As  I  previously  stated,  the  curative  pro- 
cess is  due  to' the  breaking  down  of  uric  acid  into  simpler  products, 
urea,  for  instance:  Christison  found  "in  the  colchicum-urine  the  propor- 
tion of  urea  nearly  double;"  in  rheumatism,  Maclagan*"*  also  found  that 
"the  proportion  of  urea  was  very  greatly  increased."  This  is  not  con- 
troverted either  by  the  observations  of  Graves  and  Gardner,  that  the 
urates  {total)  "diminish  under  the  use  of  the  medicine,"  since  the  pur- 
gation deviates  the  excretory  current  from  the  kidneys,  or  by  those  of 
Noel  Paton,"  who  found  that  "small  doses  of  colehicum  increased  very 
distinctly  the  elimination  of  urea  and  uric  acid,  as  well  as  the  amount 
of  urine;  while  large  doses  lessened  the  amount  of  urinary  secretion 
and  increased  slightly  the  daily  elimination  of  urea  and  uric  acid"  in 
dogs.  Although  the  "kidneys  were,  of  course,  not  diseased,  the  catabolic 
action  of  the  drug  is  emphasized  by  the  eft'ect  of  small  doses,  while  the 
derivative  action  of  purgative  doses  is  shown  by  that  of  the  larger  doses. 
In  the  light  of  my  views,  therefore,  the  experimental  testimony  is  not 
discordant,  as  generally  believed. 

The  physiological  action  of  salicylic  acid  and  the  salicylates 
in  gout  differs  only  from  that  of  colehicum  in  that  these  drugs 
do  not  provoke  purgation.  By  stimulating  the  adrenal  they 
enhance  the  blood's  catabolic  activity,  especially  in  the  liver,  and 
promote  thereby  the  elimination  of  urea  and  uric  acid.*  As 
does  colehicum,  they  relieve  pain  by  stimulating  the  sympathetic 
center  (a  process  that  entails  the  same  danger  of  arresting  the 
heart  when  used  recklessly),  and  thus  causing  constriction  of 
the  peripheral  arterioles.*  By  thus  reducing  the  blood  supplied 
to  the  cutaneous  capillaries,  they  lower  the  superficial  tempera- 
ture (its  so-called  antipyretic  action).* 

Some  clinicians  prefer  the  salicylate  of  sodium  to  colehi- 
cum, but  the  great  majority  regard  it  as  inferior  to  the  latter. 
Ten  grains  (0.6  gm.)  every  two  hours  give  the  best  results. 
Many  other  preparations  of  salicylic  acid  are  now  available,  but 
all  act  more  or  less  actively  in  the  same  way. 

The  action  of  the  salicylates  on  the  liver  is  often  overlooked. 
Wood,  however,  says  in  this  connection:  "The  belief  of  many  clinicians 
that  the  salicylates  have  a  distinct  action  in  stimulating  the  biliary 
secretion  seems  to  have  a  solid  experimental  foimdation"  and  refers  to 
the  researches  of  Moreigne,™  Bain,  Pfaff  and  Balch.    As  to  their  action 

*  Author's  cnnclunion. 

"  H.  C.  Wood:    "Therapeutics,  etc.,"  twelfth  edition,  p.  525,  1905. 
<*MacIagan:    Edinburgh  Jour,  of  Med.  Sci.,  vol.  xiv,  p.  3.  1852. 
*»  Noel  Paton:    Brit.  Med.  Jour.,  July  31,  188B. 

Moreigne:   Arch,  de  med.  exper.  et  d'anat.  pathol.,  vol.  xii,  p.  300,  1900. 
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on  metabolism,  he  states  that  the  experiments  have  been  "so  numerous 
and  concordant  in  their  relations  as  to  prove  that  in  the  normal  man  or 
animal,  salicylic  acid  and  its  preparations  increase  to  a  very  great 
extent  the  elimination  of  urea  and  uric  acid." 

Haig^'  observed  that  sodium  salicylate  failed  when  there  was  gen- 
eral debility,  and  in  sequence  to  colchicum.  In  the  former  case,  the 
adrenal  center  is  itself  sometimes  too  debilitated  to  react  under  the 
relatively  weak  stimulation  of  the  salt,  though  it  would  act  under  a  more 
powerful  excitant,  potassium  iodide,  for  instance.*  That  it  shoiild  not 
act  after  colchicum  is  obvious,  since  the  latter  drug  is  the  more  powerful 
adrenal  stimulant.* 

Curative  properties  are  ascribed  to  piperazine  mainly  be- 
cause it  forms  with  uric  acid  in  vitro  a  urate  which  dissolves 
in  forty-seven  times  its  weight  of  water.  In  practice,  however, 
though  it  tends  to  increase  the  excretion  of  urea  and  diminish 
that  of  uric  acid,  it  does  not  produce  effects  indicating  that  in 
the  blood-stream  it  behaves  as  it  does  in  vitro,  and  it  has  been 
found  less  efficient  than  either  colchicum  or  the  salicylates  by 
the  majority  of  clinicians,  in  acute  gout.  There  is  ground  for 
the  belief,  however,  that  it  tends  to  prevent  the  development  of 
acute  attacks  by  stimulating  sufficiently  the  adrenal  center  to 
insure  the  breaking  down  of  renal  irritants,  xanthin  and  hypo- 
xanthin,  into  urea.*  It  is  administered  in  the  form  of  "piper- 
azine water,"  a  quart  of  which  contains  15  grains  (1  gm.)  of 
piperazine.  During  acute  gout  this  quantity  is  given  in  divided 
doses;  as  a  prophylactic  one-half  of  this,  i.e.,  1  pint  (500  gms.) 
daily  is  sufficient. 

The  large  quantity  of  water  thus  taken  is  unquestionably  an 
important  feature  of  the  remedy's  action.  Still,  Biesenthal  and 
Schmidt"  obtained  beneficial  effects  with  the  salt  itself.  Schweninger'' 
found  it  especially  efficacious  when  given  with  considerable  water.  In 
the  form  of  "piperazin  water"  it  has  been  found  efficacious  by  Wilcox," 
Page,"  Eshner'^"  and  others,  in  various  gouty  conditions,  as  well  as  by 
a  large  number  of  foreign  observers. 

The  ingestion  of  large  quantities  of  pure  water  during  an 
attack  and  in  disorders  due  to  the  gouty  diathesis  facilitates 
greatly  the  elimination  of  uric  acid  by  the  kidneys,  owing  to  the 
lower  specific  gravity  of  the  blood-fluids  produced.  This  action 
is  enhanced,  however,  when  alkaline  mineral  waters  are  used 
instead,  especially  those  of  which  sodium  carbonate  and  sodium 

*  AvtJior's  conclusion. 
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chloride  are  the  main  constituents.  They  not  only  increase  the 
fluidity  of  the  blood,  but  facilitate  osmosis,  the  sodium  ion  acti- 
vating simultaneously  cellular  metabolism,  and,  therefore,  cata- 
bolism.  When  in  acute  gout  the  fever  is  at  all  marked,  the  free 
use  of  beverages  of  this  kind  is  of  paramount  importance. 

Over  fifty  years  ago,  Quelle  showed  that  pure  water  ingested  in 
large  quantities  increased  the  elimination  of  uric  acid,  and  that  after 
this  process  had  continued  a  few  days,  the  excretion  fell  and  sometimes 
ceased,  the  blood  having  been,  so  to  say,  relieved  of  all  free  uric  acid. 
Robin"  recently  confirmed  this  observation  and  noted  that  in  women 
who,  to  reduce  flesh,  avoided  fluids,  the  urine  became  dense,  loaded  with 
uric  acid,  and  that  renal  lithiasis  followed.  The  role  of  the  blood- 
salts  in  osmosis  has  been  reviewed  at  length  elsewhere.  Both  Jacques 
Loeb  and  Overton''*  have  shown  that  "the  Na  ions  of  the  blood  as  well 
as  the  sea-water  are  essential  for  the  maintenance  of  life-phenomena." 
The  importance  of  the  alkaline  salts  in  all  febrile  processes  was  em- 
phasized in  a  preceding  chapter.  In  stations  such  as  Vichy  and  Carls- 
bad, where  the  waters  are  strongly  alkaline,  the  temporary  aggravation 
is  sometimes  witnessed;  this  is  due  to  the  liberation  of  pent-up  uric 
acid,  through  increased  osmosis,  and  is  rightly  considered  by  the  local 
physicians  as  a  favorable  sign.  Sir  William  Roberts's  belief  that 
sodium  salts  are  harmful  in  gout  is  not  sustained  by  practical  evidence. 
As  stated  by  Burney  Yeo,'^"  "notwithstanding  the  experimental  evi- 
dence to  the  contrary,  it  has  been  amply  demonstrated  that  the  alkaline 
sodium  salts  have  an  effect  upon  the  hepatic  functions  and  do  favorably 
influence  gouty  conditions." 

Prophylactic  Treatment. — Having  ascribed  the  pre- 
monitory symptoms  of  acute  gout,  the  various  phenomena 
included  under  the  "gouty  diathesis,"  and  chronic  gout,  to  a 
common  cause,*  the  measures  indicated  are  necessarily  similar 
in  all  these  supposedly  different  conditions^  a  fact  sustained  by 
clinical  experience. 

The  prophylactic  measures  indicated,  in  the  light  of  the 
pathogenesis  described  in  the  foregoing  pages,  are  (1)  to  reduce 
the  intake  of  nucleins  and  thereby  the  purin  bases  of  which  they 
are  the  source,  and  (2)  to  enhance  the  functional  efficiency  of 
the  adrenal  system  in  order  to  insure  the  adequate  conversion  of 
toxic  intermediate  wastes  into  nontoxic  and  eliminable  end- 
products.* 

Reduction  of  the  IntaTcc  of  Nucleins. — The  toxic  interme- 
diate waste-products  being  all  nuclein  derivatives,  the  patho- 
genic activity  of  food-stuffs  is  commensurate  with  the  quantity 
of  nuclein  they  contain.    Especially  rich  in  this  connection  are 

*  Author's  conclusion. 
"  Robin:   Loc.  cit. 

^Jacques  Loeb  and  Overton:  "Studies  in  General  Physiology,"  Ft.  ii,  p.  556, 
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glandular  organs,  such  as  liver,  thymus  (sweetbread)  and  kid- 
ney. This  applies  likewise  to  brain  tissue,  an  enormous  aggre- 
gate of  nerve-cells,  the  cell-bodies  of  which  all  contain  nuclei. 
Muscle  tissue,  i.e.,  meat,  is  less  rich  in  this  particular,  but  hypo- 
xanthin  and  xanthin  are  the  main  purin  product  of  its  nuclein. 
Beef  extracts  and  the  gelatinous  extracts  of  tendons,  bones,  etc., 
are  likewise  rich  in  nucleo-albumins  which  yield  the  same  purins 
— those,  we  have  seen,  that  irritate  the  renal  elements,  and 
which  take  part  in  the  pathogenesis  of  the  various  disorders  of 
the  "gouty  diathesis." 

The  glandular  tissues,  sweetbread,  liver,  etc.,  should  be 
strictly  avoided.  As  to  meats,  the  indications  vary  with  the 
case;  in  excessive  eaters,  especially  those  subject  to  cutaneous 
disorders  and  in  patients  who  suffer  from  migrainous  attacks, 
flushes,  etc.,  a  temporary — a  year  or  two  at  most — omission  of 
heavy  meats,  i.e.,  beef,  mutton,  pork  and  veal,  from  the  diet,  and 
the  concurrent  ingestion  of  at  least  a  quart  of  pure  water  daily, 
is  often  very  efficacious.  In  debilitated  subjects,  on  the  other 
hand,  in  which  no  evidence  of  renal  lesion  is  present,  lean  beef 
may  be  allowed,  but  simultaneously  with  remedies  that  stimulate 
the  adrenal  center.* 

Milk,  fish,  poultry  and  eggs,  vegetables,  fruit,  especially 
strawberries,  oranges  and  apples,  butter,  light  bread  and  biscuits, 
with  tea,  coffee  or  cocoa  in  moderation,  etc.,  are  all  permissible. 
Alcoholic  beverages,  malt  liquors,  sweet  and  heavy  wines,  are 
never  beneficial  and  are  not  craved  for  when  water  is  taken  in 
large  quantities.  As  alcohol  becomes  oxidized  in  the  blood  it 
antagonizes  catabolism,  and  thus  tends  to  aggravate  the  morbid 
process.*    Meals  should  be  taken  at  regular  intervals. 

In  view  of  the  experiments  of  Gaucher,  confirmed  by  Kolisch, 
Tandler  and  Croftan,  as  to  the  pernicious  influence  of  xanthin  and 
hypoxanthin  upon  the  kidneys,  Halliburton's  statement""  that  meat  diet 
causes  an  increase  of  uric  acid  "mainly  because  it  increases  the  exo- 
genous uric  acid  from  the  purin  bases,  especially  the  hypoxanthin 
which  it  contains"  is  suggestive,  since  it  is  obvious  that  inadequate 
catabolism  must  increase  the  proportion  of  the  latter  and  tend  to  pro- 
mote not  only  renal  lesions,  but  also  general  "gouty"  disorders. 
Kionka  and  Frey"^  recently  confirmed  the  observation  of  Kochmann,  that 
excessive  meat-feeding  caused  organic  lesions  in  the  liver  and  kidneys, 
and  also  those  of  Walker  Hall,  in  rabbits,  in  which  similar  lesions 


*  Author's  conclusion. 

""Halliburton:  "Physiol.  Chem.  of  Muscle  and  Nerve,  p.  45, 
81  Kionka  and  Frey:   Zeit.  f.  exper.  Pathol.,  Bd.  11,  S.  1,  1905. 
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were  produced  by  injections  of  hypoxanthin.  Robin"^  found  experiment- 
ally, that  in  man  the  addition  of  collagenous  parts  of  meat,  bones,  liga- 
ments, etc.,  to  the  diet,  increased  markedly  the  production  of  uric  acid — 
which  would  mean  that  of  hypoxanthin  and  xanthin  in  debilitated  sub- 
jects. For  the  influence  of  alcohol  the  reader  is  referred  to  the  article  on 
this  agent. 

Measures  to  Increase  the  Functional  Activity  of  the  Adrenal 
System. — Those  of  our  remedies  which  approach  nearest  the 
normal  physiological  stimulant  of  the  adrenal  thyroidin,  in  its 
effects,  namely,  iodine  and  its  salts,  especially  the  potassium  and 
sodium  iodide,  are  of  recognized  value  in  this  connection,  when 
employed  in  gradually  increased  doses,  beginning  with  5  grains 
(0.3  gm.)  three  times  daily  in  a  tumblerful  of  water.  Thyroid 
extract  is  also  efficacious,  but  not  in  the  large  doses  usually  rec- 
ommended, which  increase  too  suddenly  general  metabolism  and 
increase  the  waste-products  in  proportion;  3  grains  (0.2  gm.) 
after  meals  may  be  given  without  increasing  the  dose.*  Oxygen 
inhalations  begun  the  third  day  after  beginning  the  use  of  the 
thyroid  extract  will  hasten  the  curative  process,  since  at  that 
time  the  blood  will  be  found  by  the  coagulation  test  to  contain 
a  larger  proportion  of  fibrin  ferment,  i.e.,  adrenoxidase.* 

Among  other  agents  that  have  been  found  efficacious  are 
strychnine  and  nux  vomica,  which  not  only  stimulate  the  adrenal 
center,  but  also  the  vasomotor  center,  thus  causing  constriction 
of  the  mesenteric  trunks  and  projection  of  the  blood  towards 
the  peripheral  capillaries,  including  those  of  the  liver*  where 
poisons  are  most  actively  destroyed.  Strychnine  is  only  of  real 
use,  however,  in  debilitated  cases,  attended  with  pallor.*  This 
applies  likewise  to  iron,  which  enhances  the  blood's  haemoglobin- 
forming  properties. 

The  value  of  the  iodides  in  gout  is  well  known.  Bain'"  found 
potassium  iodide  of  "peculiar  value"  in  chronic  gout,  and  that  it  retarded 
the  development  of  vascular  and  renal  changes.  Haig  employs  the 
sodium  iodide  with  success,  using  in  conjunction,  sometimes,  ammonium 
chloride.  I  have  found  thyroid  extract,  when  used  as  recommended 
above,  of  considerable  value  in  gouty  cases  in  which  migraine  was  a 
prominent  symptom.  Inhalations  of  oxygen  gas  were  employed  by 
Croftan**  with  "striking"  results,  "both  as  regards  amelioration"  of  the 
subjective  symptoms"  as  well  as  laboratory  findings.  That  this  meas- 
ure should  prove  of  still  greater  value  when  the  blood's  adrenal  secre- 
tion is  increased  by  means  of  thyroid  extract,  seems  obvious.  Strych- 
nine has  been  recommended  by  Robin*^  and  others. 

•  Author's  conclusion. 
Robin:   Loc.  cit. 

Bain:   Brit.  Med.  Jour.,  June  9,  1900. 
"Croftan:   N.  Y.  Med.  Jour.,  Aug.  11,  1900. 
•"Robin:   BuU.  gen.  de  th^rap.,  vol.  cxlvii,  p.  603,  1904. 
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MIGRAINE. 

Synonyms. — Sick  Headache;  Megrim;  Hemicrania; Bilious 
Headache. 

Definition. — Migraine  is  due  to  marked  hyperaemia  of  the 
nerves  and  nervi  nervorum  of  the  painful  area,  the  result,  in 
turn,  of  abnormal  constriction  of  all  arterioles,  excepting  those 
of  that  area  which  fail  to  contract  owing  to  functional  weakness 
(sometimes  due  to  organic  disease)  of  their  walls.  The  general 
constriction  of  the  arterioles  is  due  to  excitation  of  the  sympa- 
thetic center  by  toxic  wastes,  probably  of  the  purin  group,  which 
accumulate  in  the  blood  owing  to  hypoactivity  of  the  adrenal  sys- 
tem, the  insufficiency  of  auto-antitoxin  reducing  correspondingly 
the  catabolic  properties  of  the  blood.** 

Symptoms  and  Pathology. — Migraine  corresponds  with  epi- 
lepsy in  its  pathogenesis  and  symptomatology,  and  the  latter 
may,  therefore,  be  divided  into  three  stages:  (1)  a  prodromal 
stage  or  aura,  (2)  a  stage  in  which  the  sympathetic  system  is 
morbidly  active,  and  (3)  a  stage  in  which  the  vasomotor  over- 
activity is  superadded.* 

The  prodromal  stage  or  aura  differs  from  that  of  the  epi- 
leptic aura,  in  that  it  is  relatively  prolonged,  lasting  minutes, 
hours,  or  days  even,  in  some  cases.  It  may  include  one  or  more 
of  the  following  phenomena :  a  sensation  of  pressure  at  the  seat 
of  oncoming  pain,  dark  or  bright  spots,  flashes  and  other  lumin- 
ous sensations,  impaired  vision,  tinnitus,  olfactory  and  other 
sensory  aur^e,  vertigo,  confusion  of  ideas,  hallucinations,  visions, 
hebetude,  somnolence  and  despondency,  anaesthetic  areas  in  the 
scalp  and  face,  aphonia,  etc.  In  rare  instances  the  premonitory 
signs  occur  during  sleep,  in  the  form  of  exciting  dreams,  violent 
nightmares,  etc.  Anorexia,  nausea  and  creeping  chills  are  com- 
mon precursors  of  the  migrainous  attack,  however,  which  usually 
begins  in  the  morning. 

In  the  sympathetic  variety,  the  ordinary  migraine,  the 
patient  is  pale,  the  features  are  contracted  and  the  surface  is 
relatively  cool,  the  temporal  arteries  being  small  and  tense. 
The  pain,  at  first  dull,  then  more  or  less  acute,  is  usually  unilat- 
eral and  often  located  in  the  supra-orbital,  frontal  and  temporal 


*  Author's  conclmion. 
**Author's  definition. 
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regions ;  sometimes,  however,  it  extends  to  the  parietal  and  even 
the  occipital  regions.  In  some  cases,  the  disorder  is  quite  local- 
ized, the  site  of  pain  being  hypersensitive,  while  the  surrounding 
tissues  are  relatively  cool  and  insensitive.  Unilateral  salivation, 
lachrymation  and  diaphoresis  are  occasionally  observed.  In 
rare  instances,  the  pain  leaves  one  region  to  appear  in  another, 
which  may  be  quite  remote,  the  stomach,  for  instance,  then  sud- 
denly returns  to  its  former  location. 

Vomiting  may  occur  early  in  the  course  of  the  seizure,  but 
usually  it  heralds  recovery.  At  the  end  of  a  few  hours,  some- 
times days,  the  patient  falls  asleep  and  is  soon  about.  Such 
attacks  occur  with  more  or  less  regularity,  perhaps  once  a  month, 
every  other  week,  etc.,  year  after  year.  In  men  they  often  cease 
after  middle  life,  and  in  women  after  the  menopause. 

This  form  of  migraine  is  primarily  due  to  irritation  of  the 
sympathetic  center.* 

This  form,  Dubois-Raymond's  angiospastic  hemicrania,  is  now  gen- 
erally attributed  to  a  disorder  of  the  sympathetic  system.  Mollendorfif 
and  Latham*^  both  attributed  migraine  to  morbid  activity  of  this  sys- 
tem, but  "in  consequence  of  a  defective  control  or  inhibition  by  an 
exhausted  or  enfeebled  cerebro-spinal  system."  The  kinship  with  epi- 
lepsy is  now  generally  recognized.  Rachford,"  for  instance,  says,  in  a  com- 
prehensive study  of  this  relationship:  "All  writers  on  this  subject  are 
agreed  that  migraine  and  epilepsy  are  kindred  diseases,  and  that  this 
kinship  is  so  close  that  these  diseases  are  not  infrequently  twin  inheri- 
tances from  the  same  neurotic  ancestors,"  and  refers  to  Tisset,  Parry, 
Liveing  and  Gray  as  having  emphasized  this  kinship,  by  cases  in  which 
epilepsy  appears,  and  the  epilepsy  returning  when  the  migraine  disap- 
pears." Spiller**  likewise  lays  stress  on  this  kinship.  In  a  case  re- 
ported by  H.  C.  Wood™  the  paroxysms  began  as  a  migraine,  including 
the  prodromes;  this  lasted  two  or  three  hours,  then  lapsed  into  a  typical 
epileptic  fit,  the  patient  frothing  at  the  mouth,  biting  his  tongue,  etc. 

The  pain,  in  this  form  of  migraine,  is  due  to  marked  con- 
gestion in  the  area  involved,  the  result,  in  turn,  of  a  passive, 
strictly  localized,  dilation  of  the  arterioles  of  that  area.* 
While  all  the  other  arterioles  of  the  body  contract  under  the 
impulses  received  through  their  sympathetic  terminals,  the  arter- 
ioles of  the  region  affected  fail  to  do  so,  owing  to  lesions  of  their 
muscular  layer.*  The  nerve  region  being  rendered  intensely 
hypergemic — since  the  blocking  of  all  other  arteries  tends  greatly 

*  Author's  conclusion. 

^  Mollendorff  and  Latham:  Cited  by  Liveing:  "On  Megrim,  Sick-headache, 
etc.,"  p.  319,  1873. 

"  Rachford:    Amer.  Jour.  Med.  Sci.,  Apr.,  1898. 
o^Spiller:    Ibid.,  Jan.,  1900. 

H.  C.  Wood :    Med.  News,  Dec.  29,  1894. 


1524     INTERNAL  SECRETIONS  IN  PATHOGENESIS  AND  TREATMENT. 

to  increase  the  local  blood-pressure — severe  pain,  due  mainly  to 
pressure  and  hyperEEmia  of  the  local  nervi  nervorum,  is  caused.* 

The  general  sympathetic  constriction  of  the  systemic  arterioles  is 
shown  by  the  marked  relaxation  of  the  abdominal  viscera,  i.e.,  the 
stomach,  intestines,  liver,  etc.,  to  which  French  clinicians,  Glenard, 
Trastour,  Dujardin-Beaumetz  and  others,  have  called  attention.  Their 
observations  were  fully  confirmed  by  the  more  recent  researches  of  Man- 
gelsdorf,™  in  409  cases,  all  of  which,  with  one  exception,  had  marked 
gastric  dilation.  Examination  of  a  large  number  of  cases  suffering  from 
nervous  disorders  failed  to  show  this  symptom,  with  the  sole  exception 
of  epileptic  subjects.  Constriction  of  the  gastric  arterioles  readily  ac- 
counts for  this  phenomenon;  the  blood  supplied  to  the  muscular  walls 
being  inadequate,  they  relax.*  This  applies  as  well  to  any  organ,  since 
the  irritability  of  the  sympathetic  is  of  central  origin,  and,  therefore, 
general — in  opposition  to  Dubois-Raymond's  view,  that  it  is  limited  to 
the  cervical  sympathetic.  The  many  cases  in  which  tingling  and  other 
forms  of  paraesthesia  occur  in  various  parts  of  the  body  also  point 
to  a  central  origin. 

As  to  the  localized  vasodilation  which  gives  rise  to  pressure  upon 
the  nervi  nervorum,  Mollendorff,  Latham,  Guttmann,  Wilks  and  Ellen- 
burg  have  all  held  that  the  local  lesion  was  attended  by  vasodilation 
and  hyperaemia,  though  unable  to  account  for  these  phenomena  apart 
from  the  general  statement  that  they  were  of  "sympathetic-tonic"  origin. 
Henschen,  Nordstrom  and  Rosenbach,  and  Bum"  found  lesions  in  the 
muscles  of  the  painful  areas  of  the  face  and  scalp.  The  arteries  of  these 
areas  being  sometimes  found  to  have  undergone  arteriosclerosis,  as  is 
well  known,  the  pathological  cause  of  their  tendency  to  remain  patent 
(while  those  of  normal  regions  contract)  is  self-evident. 

The  second,  or  vasomotor  form,  corresponds  with  major 
epilepsy,  in  that  irritation  of  the  vasomotor  center  is  super- 
added to  that  of  the  sympathetic  center.*  It  is,  therefore,  but 
an  aggravated  form  of  that  Just  described.  The  general  blood- 
pressure  being  raised,  the  diseased  or  lax  arterioles  allow  a  still 
greater  quantity  of  blood  to  reach  the  sensory  terminals,  and  the 
arteries  of  the  painful  area  are  dilated  and  pulsate  strongly,  the 
area  itself  being  deeply  congested.  The  pupil  in  this  form — or 
stage — of  migraine  is  contracted,  the  blood  having  penetrated  its 
arterioles  notwithstanding  the  sympathetic  constrictor  impulses 
to  them.*  Hence  the  greater  variety  of  symptoms  witnessed  in 
some  cases,  spasm  of  facial  muscles,  paralysis  of  the  ocular  mus- 
cles and  of  the  extremities,  transient  aphasia,  etc. 

The  connection  between  the  sympathetic  and  vasomotor  types  is 
clearly  shown  by  the  statement  of  Gowers,"  that  in  some  cases,  "the 
pallor  gives  place  to  flushing  as  the  pain  in  the  head  develops."  While 
admitting,  with  other  neurologists,  a  vasomotor  disturbance,  unlike 
them  he  regards  the  latter  as  of  central  origin.    That  engorgement  of 

*  Author's  conclusion. 

™  Mangelsdorf :    Berl.  klin.  Woch.,  Bd.  xl,  S.  1004,  1903. 

"  Bum:    Wiener  med.  Presse,  Bd.  xxxvi,  S.  761,  1895. 

"  Gowers:    "Diseases  of  the  Nerv.  System,"  vol.  ii,  p.  844,  1893. 
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the  local  vessels  is  present  is  shown  by  the  occurrence  of  hsemorrhage 
in  some  cases — in  the  orbit,  for  instance,  as  in  a  case  reported  by 
Brasch  and  Levinsohn."  "At  the  end  of  an  attack  in  which  the  final 
dilatation  has  been  marked,"  writes  Gowers,  "putfiness  of  the  scalp 
has  been  observed  in  rare  cases,  and  even  ecchymoses  at  the  seat  of  the 
most  intense  pain." 

At  the  present  time  the  sympathetic  and  vasomotor  forms  are 
interwoven,  owing  to  the  prevailing  confusion  as  to  the  functions  of 
each  system  as  a  unit.  A  clear  differentiation  of  the  two  forms  was, 
therefore,  impossible,  and  the  pathology  of  the  disease  has,  therefore, 
remained  obscure.  Thus  Latham  states  that  there  is  "first  of  all,  con- 
traction of  the  vessels  of  the  brain,  and  so  diminished  supply  of  blood 
produced  by  excited  action  of  the  sympathetic."  So  far,  I  am  fully  in 
accord  with  him.  He  adds,  however,  that  "the  exhaustion  of  the  sym- 
pathetic following  on  this  excitement  causes  the  dilatation  of  the  vessels 
and  the  headache."  Here,  I  cannot  sustain  him,  for  "exhaustion  of  the 
sympathetic"  would  entail  pain  wherever  the  sympathetic  fibers  govern 
the  peripheral  circulation,  i.e.,  over  the  entire  surface.  There  is  no 
exhaustion,  as  I  interpret  the  process:  certain  arterioles  are  weaker 
functional  1}'  or  organically  (as  is  the  heart  in  many  subjects)  than 
others;  and  are  unable  as  well  as  the  latter  to  resist  the  centrifugal 
pressure  of  the  blood,  and  yield.  Hyperemia  of  the  cutaneous  sensory 
terminals  following,  pain  is  experienced.  The  meninges  and  brain  may 
likewise  become  the  seat  of  an  hypersemic  area;  hence  the  convulsive 
seizures  sometimes  observed  in  cases  of  migraine. 

Etiology  and  Pathogenesis. — The  principal  cause  of  mi- 
graine, i.e.,  of  the  excessive  vasoconstrictor  phenomena  to  which 
the  attacks  are  due,  is  probably  paraxanthin,  an  active  poison, 
and  other  members  of  the  xanthin  group.  These  intermediate 
products  of  metabolism  accumulate  in  the  blood  between  the 
migrainous  attacks,  and  when  the  blood  attains  a  certain  degree 
of  toxicity,  provoke  them  by  irritating  the  sympathetic  and  gen- 
eral vasomotor  centers.*  They  accumulate  because  they  are  not 
adequately  converted  in  the  blood  into  benign  and  eliminable 
end-products,  owing  to  deficient  activity  of  the  anterior  pitui- 
tary, and,  therefore,  of  a  deficiency  of  auto-antitoxin  in  the 
blood.*  In  most  cases  this  condition  is  inherited,  gouty  disor- 
ders of  the  nervous  system  being  readily  traceable  in  proximate 
ancestors.  The  majority  of  cases  develop  during  or  after  adoles- 
cence, when  the  adrenal  system  has  not  kept  pace  with  the 
general  development.  In  such  cases,  this  system  is  able  to 
carry  on  its  functions  under  ordinary  conditions;  when,  how- 
ever, any  unusual  stress  is  imposed  upon  it  by  an  excess  of 
physiological  poisons,  it  is  not  equal  to  the  task  and  they  accum- 
ulate.*   This  accumulation  may  be  hastened  by  indiscretions  in 


*  Author's  conclusion. 

"Brasch  and  Levinsohn:    Berl.  klin.  Woch.,  Bd.  xxxv,  S.  1146,  1898. 
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diet,  excess  of  food,  additional  meals  such  as  midnight  suppers, 
entertainment  "refreshments,"  etc.  Hence  the  greater  preval- 
ence of  migraine  among  the  wealthy  classes.  A  kindred  cause  is 
excessive  muscular  fatigue,  a  phenomenon  also  due  to  the  pres- 
ence of  toxic  wastes  (principally  sarcolactic  acid)  in  quantities 
which  cannot  be  disposed  of  by  the  blood  sufficiently  fast  to  pre- 
vent the  development  of  morbid  phenomena. 

In  predisposed  subjects  attacks  may,  on  the  other  hand,  be 
evoked  by  conditions  which  tend  more  or  less  to  debilitate  the 
general  nerve  centers  implicated.*  Emotional  factors,  shock, 
fear,  grief,  worry,  anger,  excitement,  etc.,  are  familiar  exciting 
causes.  Equally  familiar  are  the  reflex  causes  of  migraine,  eye- 
strain, nasal  and  aural  disorders,  uterine  diseases,  carious  teeth, 
adenoids  and  other  conditions  enumerated  as  capable  also  of 
exciting  epileptic  seizures,  and  occupations  which  entail  more  or 
less  cerebral  hyperasmia,  especially  intellectual  overwork,  coupled 
with  inadequate  out-of-door  exercise. 

Rachford'*  has  clearly  demonstrated  that  an  excess  of  paraxanthin 
and  other  xanthins  was  present  in  the  urine  during  and  for  some  time 
after  an  attack  of  migraine,  and  moreover  (1895),  that  an  excessive 
excretion  of  paraxanthin  coincided  with  it.  This  is  in  accord  with  the 
views  of  French  clinicians,  Gu^neau  de  Mussy,  Bazin,  Jaccoud,  Labadie- 
Lagrave,  Bouchard  and  others,  who,  from  the  time  of  Trosseau  (who 
held  that  "migraine  and  gout  are  sisters"),  have  connected  migraine 
with  the  so-called  "gouty  diathesis."  BouloumiC,"  in  a  study  of  1348 
eases  of  gout  and  kindred  disorders  treated  by  him  at  Vittel,  found 
that  the  prodromes  of  migraine  frequently  occurred  as  the  preliminary 
manifestations  of  such  disorders,  that  migrainous  attacks  appeared 
especially  before  and  during  gouty  phenomena,  and  rarely  subsequent 
to  them.  Fluctuations  in  the  excretion  of  uric  acid  have  often  been 
observed  and  recorded  by  Haig,'"  a  copious  elimination  of  this  end- 
product  of  metabolism  coinciding  with  the  disappearance  of  the  migrain- 
ous attack.  The  pathogenetic  process  submitted  requires  no  evidence  in 
view  of  that  adduced  in  the  articles  on  Epilepsy,  Eclampsia,  etc.  The 
influence  of  heredity  and  the  connection  of  eclampsia  with  epilepsy  are 
well  shown  by  the  statistics  of  Fere — a  history  of  migraine  in  232  out  of 
308  cases  of  epilepsy. 

Treatment. — Prophylaxis. — The  general  indications,  in 
view  of  the  pathogenesis  of  the  disorder,  are  (1)  to  adjust  the 
patient's  diet  to  his  assimilative  powers,  thus  reducing  to  a  min- 
imum the  toxic  wastes  formed,  and  (2)  to  overcome  any  condi- 
tion which,  either  inherited  or  acquired,  tends  to  reduce  the 

*  Author's  conclusion. 

''*Rachford:    Amer.  Jour.  Med.  Sci.,.  Loc.  cit. 

Bouloumig:    Bull.  m6d.  des  Vosges,  Oct.,  1895. 
™  Haig:    "Uric  Acid  as  a  Factor  in  the  Causation  of  Disease,"  1892. 
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anterior  efficiency  of  his  blood,  by  inhibiting  the  functional  effi- 
ciency of  his  general  nerve  centers.* 

The  first  indication  is  met  by  reducing  markedly  the  use  of 
highly-nutritious  food,  late  suppers,  pastry,  red  meats  and  alco- 
holic beverages  being  avoided,  and  meals  should  be  taken  at  reg- 
ular intervals.  Coffee  and  tea  are  harmful,  since  they  raise  the 
vascular  tension.  Water,  however,  should  be  partaken  of  in 
large  quantities  to  preserve  the  blood's  fluidity  and  osmotic  prop- 
erties, and  to  insure  free  diuresis.  An  occasional  saline  purga- 
tive is  of  service. 

The  second  indication  includes  the  correction  of  any  oph- 
thalmic, nasal,  and  other  condition  capable  of  provoking 
migraine  reflexly. 

Liveing,"  referring  to  the  many  distinguished  men  who  suffered 
from  this  disorder,  states  that  Marmontel  cured  himself  by  eating  little, 
drinking  water,  taking  exercise,  and  that  Haller  was  equally  successful 
'"by  drinking  every  day  a  large  quantity  of  water,  and  exchanging  a 
highly  nutritious  regimen  for  a  much  lighter  dietary."  Linnaeus  cured 
himself  by  the  same  means,  etc.  Patients  readily  consent  to  a  reduced 
diet  as  a  rule,  but  they  usually  fail  to  carry  out  the  physician's  instruc- 
tions as  to  the  plentiful  use  of  water.  In  such  cases  it  is  best  to  order 
some  alkaline  water,  Ballardvale,  Buffalo  Lithia,  Vichy,  etc.,  and  to 
instruct  them  to  take  a  glassful  at  established  intervals,  one  quart  being 
drunk  daily.  As  to  reflex  causes,  according  to  Lauder  Brunton,"  a  care- 
ful examination  of  the  eyes,  teeth,  nose,  ears,  and  throat  will  reveal  some 
disorder  in  these  organs  in  practically  all  cases.  This  is  only  mentioned 
to  emphasize  the  fact  that  this  feature  of  the  treatment  should  not  be 
neglected. 

Preventive  remedies  should  obviously  be  such  as  are  capable 
of  stimulating  the  anterior  pituitary  in  order  to  enhance  the 
proportion  of  auto-antitoxin  in  the  blood.  Thyroid  extract,  2 
grains  (0.13  gm.)  during  each  meal,  and  an  occasional  saline 
cathartic  are  very  effective,  especially  if  the  patient  can  lead  an 
out-of-door  life.*  Potassium  iodide,  5  grains  (0.3  gm.)  after 
meals  in  a  large  glassful  of  water,  is  equally  efficacious,  and  is 
indicated  when  any  cardiac  disorder  is  present.  Strychnine, 
V40  grain  (0.0016  gm.)  three  times  a  day,  is  of  signal  service, 
especially  when  the  peripheral  circulation  is  poor,  although  it 
tends  to  stimulate  the  vasomotor  center  besides  the  adrenal  cen- 
ter.* It  is  especially  valuable  also  when  there  is  a  tendency  to 
melancholia,  or  mental  depression,  both  frequently  observed  in 


•  Author's  conclusion. 

"  Liveing:  "Megrim,  Sick-headache,  etc.,"  p.  433,  1873. 
'8  Lauder  Brunton:   Practitioner,  Feb.,  1894. 
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subjects  predisposed  to  migraine.  In  children  or  adolescents 
strychnine  is  advantageously  combined  when  constipation  does 
not  complicate  the  case,  with  iron,  especially  the  dialyzed  iron 
or  Blaud's  pill.*  The  dietetic  measures  recommended  should,  of 
course,  be  carried  out  simultaneously. 

The  thyroid  extract  in  small  doses  has  given  me  excellent  results, 
especially  in  women  approaching  the  menopause,  and  also  where  prompt 
effects  were  necessary  in  any  case  of  migraine.  Liveing  obtained  "singu- 
lar success"  from  potassium  iodide  in  some  cases.  J.  R.  Clemens"* 
found  it  effective  in  the  most  aggravated  cases.  The  value  of  strych- 
nine and  iron  in  such  cases  is  well  known.  This  clearly  illustrates  the 
fact  that  preventive  medication  in  this  disorder  includes  agents  which 
act  as  "tonics"  or,  in  other  words,  as  stimulants  of  vital  activities 
through  the  adrenal  system. 

Digitalis  is  indicated  when  the  right  heart  is  dilated,  qui- 
nine when  there  is  history  of  malarial  toxaemia,  sodium  sali- 
cylate when  gout  is  a  feature  of  the  case  or  of  the  history. 

Drugs  which  Reduce  Arterial  Tension. — When  the  forego- 
ing measures  do  not  yield  the  desired  result,  it  is  owing  to 
excessive  irritability  of  the  sympathetic  and  vasomotor  centers, 
which  causes  them  to  react  to  the  least  excitation.*  The 
accesses  recur  frequently,  and  the  face  is  usually  pale  in  such 
cases.  Nitroglycerin  relaxes  the  entire  arterial  system,  in- 
creases diuresis,  etc.,  by  reducing  the  sensibility  of  the  sympa- 
thetic and  vasomotor  centers.  Its  action  should  be  carefully 
watched,  however,  since  the  recession  of  blood  from  the  peri- 
pheral capillaries  tends  in  itself  to  inhibit  catabolism.  For  the 
same  reason,  the  doses  should  not  be  too  large,  ^/go  grain  (0.001 
gm.)  twice  daily  is  ample.  It  may  be  used  with  the  thyroid 
extract,  potassium  iodide  and  digitalis,  but  not  with  strychnine, 
which  tends  to  counteract  its  action.*  The  hromide  of  sodium 
can  be  used  instead  of  nitroglycerin,  in  hysterical  women ;  but 
as  it  tends  to  inhibit  oxygenation  when  given  in  large  doses  or 
when  its  use  is  prolonged,  it  should  only  be  employed  tem- 
porarily. 

Nothnagel  and  Rossbach*"  state  that  the  lowering  of  the  arterial 
tension  caused  by  nitroglycerin  is  not  harmful :  "the  flow  of  urine  is 
increased  and  albuminuria  disappears."  As  the  latter  symptom  is  due 
to  excessive  vasoconstriction,  its  disappearance  proves  that  the  remedy 
is  beneficial  by  causing  general  vasodilation. 

*  Author's  conclusion. 

"J.  R.  Clemens:    Therap.  Gazette,  May  15,  1903. 

80  Nothnagel  and  Rossbach:  "Nouveaux  elements  de  mat.  med.  et  de 
therap.,"  Paris,  1889. 
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Treatment  of  the  Attack. — Drugs  which  Reduce  Arte- 
rial Tension. — Agents  capable  of  producing  this  effect  promptly 
do  not  seem  to  have  been  tried  in  migraine;  ainyl  nitrite  sug- 
gests itself  as  a  valuable  agent  in  this  connection,  provided, 
however,  that  the  amount  inhaled  be  small,  i.e.,  not  more  than 
5  or  6  drops.  Chloral  hydrate  combined  with  sodium  bromide, 
10  grains  (0.6  gm.)  of  each  repeated  in  two  hours,  and  taken 
with  a  wineglassful  of  water,  sometimes  wards  off  an  attack.  If 
the  pain  appears,  the  local  application  of  camphor-chloral,  a  mix- 
ture of  the  two  drugs,  equal  parts,  which  forms  a  viscid  liquid, 
often  checks  it. 

Drugs  which  Cause  Contraction  of  the  Arterioles. — When 
the  arterioles  (those  which,  owing  to  their  failure  to  contract, 
allow  the  blood  to  penetrate  the  affected  area)  are  not  the  seat 
of  sclerosis,  stimulation  of  the  sympathetic  center  will  sometimes 
enforce  their  contraction,  and  thus  arrest  the  pain.*  Acetanilid 
and  antipyrin  are  very  effective  agents  in  this  connection,  5 
grains  (0.3  gm.)  given  every  hour  three  times,  usually  sufficing 
to  arrest  the  paroxysm.  Phenacetin  is  equally  active,  but  in 
large  doses,  i.e.,  10  to  15  grains  (0.6  to  1  gm.).  Morphine  is 
eminently  an  arteriole  constrictor,  and  a  subcutaneous  injection 
of  Vs  grain  (0.01  gm.)  sometimes  acts  very  promptly.  Other 
agents  that  have  a  corresponding  physiological  action,  caffeine, 
guarana,  ergot,  cannabis  indica,  have  been  recommended,  but 
their  effects  vary  so  greatly,  owing  probably  to  the  uncertain 
strength  of  the  preparations  available,  that  dependence  should 
not  be  placed  upon  them. 

NEURITIS,  INCLUDING  NEURALGIA,  TIC  DOULOUREUX, 
SCIATICA  AND  ZONA    (SHINGLES,  HERPES  ZOSTER). 

Definition. — Inflammation  of  a  nerve,  whether  termed  "neu- 
ralgia" or  "neuritis,"  may  occur  as  a  result  of  so  many  morbid 
influences,  active  and  passive,  that  a  specific  definition  cannot 
be  formulated.  It  is  always  attended,  however,  by  engorgement 
of  the  nerve's  arterioles  or  vasa  nervorum  and  their  capillaries, 
including  those  of  the  nervi  nervorum,  the  hyperemia  of  the  lat- 
ter and  the  pressure  of  the  swollen  structures  surrounding  them 
heing  the  main  source  of  pain.** 


•  Author's  conclusion. 
**  Author's  definition. 
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Symptoms  and  Pathology. — "Neuralgia,"  meaning  merely 
pain  in  the  course  of  a  nerve  or  nerves,  is  but  a  symptom  of  a 
morbid  condition  of  these  structures,  and  not,  therefore,  a  dis- 
ease. As  it  is  invariably  associated  with  hypertemia,*  which 
often  progresses  to  the  stage  of  inflammation,  neuralgia  is,  in 
reality,  but  a  symptom  of  neuritis,  not  only  of  the  incipient 
stages  of  this  disorder,  but  also  of  its  advanced  stages:  tic 
douloureux,  for  example.* 

Dana*"-  states  that  when  there  is  organic  disease  of  the  nerve  itself, 
sucli  as  neuritis,  the  disease  cannot  be,  strictly  speaking,  called  neural- 
gia; and  that  "it  is  often  impossible  to  draw  the  lines  absolutely." 
Some  authors  limit  the  term  "neuralgia"  to  cases  in  which  hypersemia 
of  the  nerve  is  alone  present;  but  there  is  no  legitimate  foundation  for 
this  interpretation,  since,  as  stated  by  Dana,  "there  is  hyperemia  with 
sometimes  extravasation  of  blood"  both  in  interstitial  neuritis  and  peri- 
neuritis. Moreover,  most  acute  pain  persists  even  when  profound 
changes  of  the  nerve  extending  to  and  involving  the  ganglion — the 
Gasserian  ganglion  in  trigeminal  neuralgia,  for  example — are  present. 
Hence  the  appropriateness  of  the  term  "neuralgia"  even  here — but  only 
when  linked  with  "neuritis." 

In  the  forms  of  neuritis  termed  neuralgia  the  pain  is  some- 
times preceded  by  numbness  or  stiffness,  or  conversely  by  sore- 
ness, tingling  or  throbbing  in  the  affected  area,  but,  as  a  rule, 
it  appears  spontaneously.  At  first,  it  is  generally  intermittent, 
and  may  be  sharp,  stabbing  or  burning  in  character,  and  be 
localized  or  extend  throughout  the  entire  length  of  the  nerve. 
The  paroxysms,  which  vary  greatly  in  intensity,  occur  at  irreg- 
ular intervals  of  a  few  minutes  in  mild  cases,  and  may  then 
only  recur  after  considerable  time.  When  simple  hyperaemia  has 
lapsed  into  inflammation,  however,  intense  pain — usually  worse 
at  night — may  persist  days,  weeks,  months,  etc.,  i.e.,  until  the 
cause  is  eradicated. 

While  at  first  the  surface  of  the  affected  area  may  present 
some  numbness,  or  be  normally  sensitive,  the  region  becomes 
hyperfEsthetie  when  inflammation  of  the  nerve  is  impending  or 
is  present,  especially  where  the  nerve  overlies  a  hard  muscle,  or 
passes  over  the  edge  of  a  bony  opening,  the  supraorbital  foramen, 
for  instance.  The  painful  area  is  often  infiltrated,  swollen  and 
red.  In  simple  hyperaemia,  firm  pressure  often  relieves  the  pain, 
but  the  same  procedure  greatly  augments  the  pain  when  active 
inflammation  is  present. 


*  Author's  conclusion. 

81  Dana:    "T.  B.  of  Nerv.  Dis.  and  Psych.,"  sixth  edition,  p.  156,  1904. 
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The  pain  is  due  to  congestion  of  the  minute  capillary  net- 
works in  the  peri-  and  endoneurium,  the  larger  vessels  of  which 
are  arterioles  supplied  with  sympathetic  fibers.  Congestion  of 
these  arterioles  and  capillaries  gives  rise  to  pain  by  causing  swell- 
ing of  the  nerve  and  pressure  upon  the  nervi  nervorum,  which 
are  themselves  hyperaemic,  and,  therefore,  hypersensitive.* 

The  nervi  nervorum,  the  existence  of  which  was  shown  by  Horsley, 
terminate  in  minute  bulbs  similar  to  the  tactile  end-bulbs  of  Krause, 
and  are,  therefore,  sensory.  Weir  Mitchell  and  Marshall  concluded  that 
the  pain  of  neuritis  and  neuralgia  was  due  to  pressure  upon  these  deli- 
cate sensory  organs.  That  hyperaemia  is  the  source  of  this  pressure, 
is  suggested  in  many  ways.  As  Gowers'-  says,  "we  know  that  in  all 
organs,  vascular  dilatation  attends  functional  activity."  That  hyper- 
semia — a  result  of  vascular  dilatation — is  the  cause  of  neuralgia,  i.e., 
nerve-pain,  is  likewise  recognized.  In  neuritis,  the  case  is  the  same. 
Tyson,"'  for  example,  states  that  "an  inflamed  nerve  is  reddish,  from 
hyperaemia  of  the  vasa  nervorum,  though  the  stage  of  demonstrable 
hyperaemia  may  have  passed  away  when  the  nerve  comes  under  observa- 
tion."   This  coincides  with  the  definition  of  Dana  previously  given. 

Each  of  the  two  disorders  included  in  the  term  neuritis- 
neuralgia  has  been  divided  into  special  varieties,  the  principal 
of  which  are  tic  douloureux,  trifacial  or  trigeminal  neuralgia, 
sciatica,  the  regional  neuralgias  and  multiple  neuritis. 

Trifacial  Neuralgia  or  Tic  Doulodredx. — This  is  the 
most  painful  of  the  entire  series,  and  is  the  most  common.  The 
ophthalmic  division  of  the  fifth  is  that  most  frequently  affected, 
the  familiar  supraorbital  neuralgia.  The  pain,  which  may  radi- 
ate to  the  inner  angle  of  the  orbit,  the  eye  and  lids,  the  eye-ball 
and  the  corresponding  side  of  the  nose  and  head,  is  apt  to 
recur  at  stated  periods  morning  or  night.  Lachrymation,  con- 
junctival congestion,  local  flushing,  sweating  and  swelling,  are 
often  observed.  The  least  effort  increases  the  pain,  each  pulse- 
beat  causing  an  exacerbation.  Such  an  access  may  last  one  or 
more  hours,  and  cease  spontaneously,  to  return  perhaps  after  a 
few  weeks  or  months,  or  it  may  steadily  grow  worse  and  cause 
many  years'  excruciating  suffering. 

Next  in  order  is  the  superior  maxillary  division,  the  tender 
point  of  which  is  at  the  intraorbital  foramen,  the  pain  radiating 
to  the  malar  bone,  over  the  cheek,  the  corresponding  side  of  the 
nose,  and  some  of  the  upper  dental  nerves.  Less  common  is  that 


•  Author's  conclusion. 

^2  Gowers:   Loc.  cit. 

83  Tyson:   Loc.  cit.,  p.  867,  1905. 
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of  the  inferior  maxillary  division,  with  two  tender  points,  one  at 
the  mental  foramen,  the  other  just  in  front  of  the  ear,  the  pain 
extending  over  an  extensive  area  in  some  cases,  i.e.,  the  preaural 
region,  the  tip  of  the  tongue,  the  lower  Jaw,  the  inferior  dental 
branches,  the  ear,  the  temple  and  the  parietal  eminence. 

The  primary  changes  in  the  affected  nerves  are  hyperaBmia, 
as  stated,  but  in  cases  in  which  the  neuralgia  persists,  inflam- 
mation occurs,  owing  to  disease  of  the  neural  arteries. 

Dana**  long  ago  contended  that  many  cases,  at  least,  are  due  to 
arteritis.  In  five  eases  of  trigeminal  neuralgia,  he  found  no  noteworthy 
changes  in  the  nerves,  while  in  three  there  was  marked  arterial  disease. 
Putnam"  likewise  found,  in  some  instances,  the  intima  of  the  blood- 
vessels greatly  thickened.  Thoma,*"  Rose*'  and  Keen  and  Spiller*'  and 
others  have  all  found  a  marked  increase  in  the  size  of  the  vessels,  the 
two  former  in  segments  of  peripheral  nerves  derived  from  cases  of  tri- 
facial neuralgia,  the  last-named  authors  in  Gasserian  ganglia  derived 
from  similar  eases. 

Even  the  axis-cylinders,  which,  as  I  have  pointed  out,  are  chan- 
nels for  the  blood's  oxidase,  are  engorged:  Stengel,'"  referring  to  neu- 
ritis, says,  for  instance:  "In  the  acute  forms  partially  degenerated 
fibers  with  fatty  myelin-sheaths  and  swollen  axis-cylinders,  are  found 
very  early."  Again,  Spiller  found  swollen  and  irregular  axis-cylinders 
and  small  vessels  in  some  of  the  Gasserian  ganglia  resected  by  Keen. 
Of  one  of  these  he  says,  referring  to  the  axis-cylinders:  "In  most  por- 
tions of  the  field,  these  appear  as  drops  of  a  red,  hyalinelike  substance," 
doubtless  methaemoglobin  and  adrenoxidase. 

Sciatica. — The  pain  usually  starts  in  the  upper  part  of 
the  sciatic  nerve  in  the  gluteal  region  immediately  behind  the 
great  trochanter,  and  follows  the  course  of  that  nerve,  radiating 
downward  into  the  popliteal  space  and  thence  to  the  internal 
malleolus  and  the  dorsum  of  the  foot.  It  is  usually  very  acute, 
and  is  increased  by  the  least  motion.  By  raising  the  limb 
bodily,  thus  producing  flexion  at  the  pubis,  Lasegue's  sign  is 
elicited :  a  violent  pain  along  the  entire  sciatic.  There  is 
marked  tenderness  over  the  latter,  especially  between  the  ischium 
and  the  great  trochanter.  Sometimes  there  is  fever  at  the  out- 
set. There  may  be  muscular  tremor,  a  forerunner  of  atrophy  of 
the  muscle,  or  oedema.  The  skin  of  the  region  may  then  be  pale 
and  glossy,  its  temperature  being  also  reduced.  An  eruption 
identical  to  that  of  herpes  zoster  occasionally  develops  along  the 


8*  Dana:   Med.  News,  May  16,  1891. 

Putnam:    Boston  Med.  and  Surg.  Jour.,  Aug.  13,  1891. 

Thoma:    Deut.  Archiv  f.  klin.  Med.,  Bd.  xliii,  S.  409,  1888. 

Rose:    Trans.  Med.  Soc.  of  London,  vol.  xv,  p.  157,  1892. 

Keen  and  Spiller:  "On  Resection  of  the  Gasserian  Ganglion,"  Phila.,  1898. 
8"  Stengel:   "T.  B.  of  Pathol.,"  third  edition,  p.  831,  1900. 
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course  of  the  nerve.  The  positions  assumed  hy  the  patient  when 
standing,  sitting,  etc.,  are  all  calculated  to  favor  the  diseased 
limb. 

Sciatica  is  a  neuritis  from  the  outset,  the  primary  infiltra- 
tion, due  to  the  accumulation  of  colorless  blood-plasma  in  the 
nerve,  being  the  initial  phenomenon  of  an  inflammatory  pro- 
cess, which,  like  all  forms  of  "neuralgia"  and  neuritis,  may  cul- 
minate in  degenerative  changes  in  the  nerve. 

Sciatica  is  the  only  "neuralgia"  in  which  exception  might  be  taken 
as  to  its  being  a  neuritis.  Thus,  while  Herter'"  ten  years  ago  referred  to 
sciatica  as  a  neuritis,  i.e.,  as  "an  inflammation  of  the  great  sciatic 
branch  of  the  sacral  plexus,"  Dana,  in  the  last  edition  of  his  text-book, 
says  that  "a  large  proportion  of  the  cases  is  due  to  a  neuritis."  In 
the  light  of  my  views,  sciatica  is  a  neuritis  in  all  cases,  since  the 
exceptions  are  all  attended  with  hyperaemia,  the  first  stage  of  inflam- 
mation. Again,  "hyperaemia"  is  generally  supposed  to  be  denoted  by 
redness  of  the  neural  structures  involved,  but  we  may  have  hyperaemia 
without  redness,  since,  as  I  have  shown,  the  blood-plasma  that  circulates 
in  the  terminal  neural  capillaries,  including  the  axis-cylinder,  does  not 
contain  red  corpuscles.  Indeed,  if  we  term  this  fluid  "serum"  (of  which 
the  extra  corpore  serum  is  but  chemically-altered  semblance)  it  is  pos- 
sible to  trace  the  inflammatory  process  from  its  incipiency  to  that  of 
clearly  defined  trophic  lesions.  This  is  facilitated  by  a  review  of  the 
literature  embodied  in  a  paper  by  J.  Ramsay  Hunt.*"^  In  a  case  in  which 
Cotugno"*  found  oedema  of  the  nerve-sheath  "15  c.c.  (Vj  ounce)  of  serum 
was  removed  by  puncture."  Martinet"  "described  the  nerve  as  ademat- 
ous  and  of  reddish  hue,  with  haemorrhages  into  the  sheath"  in  one  case 
and  as  "infiltrated  with  serosanguineous  fluid"  in  another.  This  evi- 
dently refers  to  the  continuity  of  the  nerve,  for  Gendrin,**  in  a  case  of 
fifteen  days'  duration,  found  the  nerve-trunk  "reddened,  swollen,  and  the 
seat  of  serous  infiltration  down  to  the  popliteal  space.  All  this  is  due, 
of  course,  to  engorgement  of  the  vessels  and  exudation  of  the  blood- 
serum:  In  a  case  of  fifteen  days'  duration  recorded  by  Fernet,°°  in 
which  the  nerve-trunk  was  greatly  swollen,  "the  nerve  was  of  reddish 
hue  and  the  vessels  of  the  neurilemma  were  injected."  Though  the  nerve, 
examined  microscopically  by  D6jerine  and  Raymond,  showed  no  struc- 
tural alteration,  Fernet  held  that  a  neuritis  was  present.  The  advanced 
stage  is  shown  in  Ramsay  Hunt's  own  typical  case,  in  which  the  various 
parts  of  the  nerve  showed  concomitantly  the  various  stages  of  the  pro- 
cess: a  translucent,  jelly-like  substance  in  the  epineurium  and  marked 
thickening  and  sclerosis  of  the  larger  vessels  of  the  epineurium  and  peri- 
neurium and  the  smaller  vessels  of  the  endoneurium,  with  "small  ex- 
travasations of  blood"  in  "the  loose  areolar  tissue  of  the  sheath  at  all 
levels  examined."  The  "thigh  and  leg  had  undergone  a  slight  but  visible 
atrophy  "  there  were  also  twitchings  and  paraesthesia. 

This  exemplifies  the  morbid  process  in  trigeminal  neuralgia,  since 
similar  lesions  were  found  in  the  Gasserian  ganglia  removed  by  Keen, 
and  studied  histologically  by  Spiller.  The  first-named  author  states 
that  "the  medullary  substance  of  the  nerve-fiber  within  the  ganglion" 

""Herter:   Dercum's  "T.  B.  on  Nervous  Dis.,"  p.  849,  1895. 

J.  Ramsay  Hunt:    Amer.  Medicine,  Apr.  15,  1905. 
*2Cotugno:    "A  Treatise  on  Sciatica,"  London,  1775. 

Martinet:    Th6se  de  Paris,  1818. 
"Gendrin:    "Histoire  anat.  des  inflammations,"  Paris,  1826. 

Fernet:   Arch.  g&n.  de  m6d.,  7i6me.  serie,  vol.  i,  p.  383,  1878. 
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was  "immensely  swollen,  atrophied  or  entirely  gone;"  and  that  the 
vessels  were  "distinctly  sclerotic,"  etc. — the  sequence  of  events  observed 
in  all  cases  of  "neuralgia"  so-called,  in  which  the  morbid  process  has 
progressed  sufficiently  far. 

Neuritis  of  the  Head,  Neck  and  Trunk. — Besides  the 
most  common  of  all  neuralgias,  the  trigeminal,  already  described, 
there  is  a  variety  due  essentially  to  eye-strain,  i.e.,  the  ocular 
neuralgia,  usually  limited  to  the  eyeball.  The  pain  may  be 
quite  severe,  and  radiate  to  the  forehead  over  the  frontal  sinus. 
In  cervico-occipital  neuralgia,  the  pain  starts  behind  the  mastoid 
process,  radiates  posteriorly  to  the  upper  part  of  the  neck  and 
in  front  and  above  to  the  parietal  eminence.  The  main  nerves 
involved  are  the  posterior  branches  of  the  upper  four  cervical. 
In  intercostal  neuralgia  the  pain  starts  from  the  spinal  cord  end 
of  the  intercostal  nerves  from  the  third  to  the  ninth,  and  radiates 
round  the  chest;  it  is  often  very  severe  and  is  increased  by 
motion,  respiration  and  coughing.  An  eruption  similar  to  that 
of  herpes  zoster  occurs  in  many  cases.  Pleurodynia  is,  strictly 
speaking,  neuralgia  of  the  pleural  nerves;  it  resembles  the  pain 
of  acute  pleurisy,  and  is  very  severe,  especially  during  expansion 
of  the  chest.  Gastrodynia,  enteralgia,  hepatalgia,  nephralgia, 
mastodynia,  coccygodynia,  etc.,  are  defined  by  their  names. 

In  all  these  forms,  with  the  exception  of  the  cases  of  inter- 
costal neuralgia  in  vi^hich  the  herpetic  eruption  occurs,  the  neural 
hypersemia  rarely  exceeds  the  stage  of  plasmatic  engorgement, 
the  pain,  as  stated,  being  due  to  pressure  upon  the  nervi 
nervorum. 

Herpes  Zoster  (Shingles,  zona),  the  form  commonly  wit- 
nessed, is  but  an  intercostal  neuralgia  in  which  the  inflamma- 
tory process,  which  often  includes  the  ganglion  of  the  affected 
nerve,  has  advanced  beyond  the  preliminary  plasmatic  hyperse- 
mia. The  typical  eruption — a  reddish  patch  which  soon  de- 
velops into  a  crop  of  oedematous  vesicles — may  occur  in  any  part 
of  the  body,  wherever  "neuralgia"  has  been  observed.  Dull  pain 
in  the  affected  region  usually  precedes  by  a  few  days  the  erup- 
tion and  the  acute  pain,  which  develops  suddenly  and  is 
extremely  sharp,  burning,  and  lancinating,  in  adults.  The  site 
of  the  eruption  becomes  markedly  hypergesthetic,  the  contact  of 
the  clothes  being  unbearable.  It  is  nearly  always  unilateral, 
though  it  frequently  reaches  beyond  the  middle  line  of  the  body 
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in  the  "intercostal"  form,  and  lasts  from  ten  days  to  two  weeks. 
The  lesion  may  be  hasmorrhagic,  ulcerative,  gangrenous,  etc.,  and 
may  be  followed  by  persistent  local  neuralgia,  anhydrosis  or 
hyperhydrosis,  muscular  atrophy,  etc.  In  some  cases  there  is 
considerable  fever,  showing  a  tendency  to  intermittence,  and 
especially  marked  towards  evening. 

The  kinship  of  this  disorder  with  the  ordinary  neuralgia  is  well 
shown  by  the  large  proportion  of  cases  of  trigeminal  zona  in 
Greenough's""  and  Cantreirs"'  statistics.  Any  part  of  the  body  in  which 
innervation  is  impaired  and  where  neuralgia  is  known  to  occur,  may 
become  the  seat  of  herpes  zoster.  Hence  the  so-called  "trigeminal," 
"femoral,"  "brachial,"  "ophthalmic,"  etc.,  forms  which  constitute  the 
"regional"  zosters.  Guermonprez  and  Platel"*  observed  it  repeatedly 
on  the  fingers.  The  pathology  of  zoster  also  identifies  it  as  a  pure  neu- 
ritis. W.  F.  Robinson""  states  that  "Daniellsen  found  the  intercostal 
nerve  reddened  and  thickened  and  the  neurilemma  markedly  infiltrated," 
and  that  the  more  recent  investigations  have  shown  that  "the  ganglion 
is  not  alone  the  part  that  is  first  attacked,  but  that  the  inflammation 
may  arise  at  any  point  in  the  continuity  of  the  nerve-trunk  in  its 
peripheral  termination  in  the  spinal  cord  or  within  the  brain."  Rob- 
inson's own  investigations  showed  the  presence  of  "a  perineuritis  of  the 
cutaneous  nerves  exhibiting  a  small-celled  infiltration  of  the  neurilemma" 
— a  condition  witnessed  early  in  sciatica. 

Neuritis  of  the  Extremities. — The  most  important  of 
the  series  is  sciatica,  reviewed  above.  Cervico-brachial,  and 
particularly  brachial  neuralgia,  are  counterparts  of  sciatica. 
Jointly,  they  include  the  area  supplied  by  the  brachial  plexus, 
i.e.,  the  four  lower  cervical  nerves  and  the  greater  part  of  the 
first  dorsal.  The  radial  and  ulnar  are  the  nerves  most  fre- 
quently affected,  the  main  tender  points  being  at  the  elbow  over 
the  ulnar,  and  at  the  wrist  over  the  inferior  ulnar.  The  axilla 
and  the  shoulder  are  also  the  seat  of  tender  points  when  the 
upper  segments  are  involved.  There  is  usually  a  dull,  con- 
tinuous, toothache-like  pain  along  the  entire  course  of  the  nerve 
or  nerves  affected,  but  with  violent  exacerbations  or  paroxysms 
of  a  stabbing,  lacinating  character.  Temporary  loss  of  power  is 
often  observed,  and  muscular  atrophy  may  follow  severe  cases. 
As  in  sciatica,  the  skin  may  become  glossy  and  thin,  and  is  some- 
what cedematous  in  most  instances.  As  in  sciatica  also,  there 
is  inflammation  of  neural  structures. 


««Greenough:   N.  Y.  Med.  Jour.,  Oct.  19,  1889. 
<"CantreIl:    Phila.  Med.  Jour.,  Mar.  26,  1898. 

Guermonprez  and  Platel:   Jour,  des  mal.  cutan.  et  syph.,  vol.  xi,  p.  721, 

1899. 

W.  F.  Robinson:    Sajous's  "Analyt.  Cyclo.  of  Pract.  Med.,"  vol.  lii,  p.  462, 
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Femoral,  or  crural,  obturator,  plantar,  metatarsal  and  other 
forms  of  neuralgia  are  described,  all  of  which  differ  as  regards 
the  area  involved,  but  the  patholog}'  of  which  (that  of  a  more 
or  less  advanced  neuritis)  is  always  the  same,  i.e.,  that  of  an 
inflammatory  process. 

JIusculospiral  neuritis,  owing  to  the  superficial  position  of 
the  musculospiral  nerve,  is  not  infrequently  observed.  The  pain 
— though  the  disorder  is  not  termed  a  "neuralgia"  in  text-books 
— is  very  severe,  and  the  local  tenderness  is  equally  marked. 
This  applies  likewise  to  median  neuritis,  the  intense  pain  radi- 
ating to  the  first  two  fingers  and  the  thumb.  Precisely  as  a 
flexure  of  the  thigh  in  sciatica  provokes  severe  pain  throughout 
the  entire  nerve,  so  does  a  stroke  on  the  end  of  one  of  the  pain- 
ful fingers  cause  a  flash  of  pain  up  the  whole  length  of  the 
median.  Ulnar  neuritis,  brachial  neuritis,  circumflex  neuritis, 
and  the  many  other  varieties  of  true  neuritis  likewise  provoke 
pain  and  other  symptoms  and  trophic  lesions  common  to  the 
various  forms  of  neuralgia  reviewed. 

General  Pathology. — In  all  forms  of  true  neuritis,  the  con- 
gestion may  originate  from  two  directions:  (1)  from  the  arte- 
rioles that  enter  the  nerve  from  the  side  by  piercing  the  peri- 
neurium, and  whose  capillaries  form  networks  in  the  endo- 
neurium  to  nourish  the  nerve;  (2)  from  the  axis-cylinders 
themselves,  whose  neuro-fibrils,  as  I  have  pointed  out,  are  chan- 
nels for  plasma  laden  with  adrenoxidase,  which,  by  reacting  with 
the  phosphorus-laden  constituents  of  the  myelin,  gives  rise  to 
the  nerve-energy,  i.e.,  the  impulse  along  the  whole  nerve,  includ- 
ing its  terminals.* 

Any  inflammatory  lesion  of  the  nerve-fiber  itself,  i.e.,  par- 
enchymato^is  neuritis,  must  entail,  therefore,  phenomena  ascrib- 
able  to  impairment  of  the  nerve's  conductivity :  muscular  atrophy, 
paresthesias,  cutaneous  lesions,  etc.  Identical  disorders  may  be 
produced,  however,  by  pressure  of  the  connective  tissue  forming 
partitions  around  nerve-bundles  when  these  partitions  are  the 
seat  of  congestion,  i.e.,  perineuritis,  but  only  when  this  is 
marked,  the  pressure  being  caused  by  the  engorged  arterioles  or 
their  capillaries  and  the  serous  exudation  derived  from  the  lat- 
ter.   This  pressure  is  also,  we  have  seen,  the  source  of  pain,  the 


•  Author's  conclusion. 


NEURITIS,  NEURALGIA. 


1537 


nervi  nervorum  being  compressed,  while  the  infiltration  accounts 
for  the  oedema.  When  the  local  lesions  assume  a  morbid  trend 
or  the  nerve  is  beyond  repair  from  the  start  through  local  injury, 
the  granules  of  adrenoxidase  in  the  axis-cylinders  remain  unused 
and  accumulate,*  and  the  myelin  sheath  breaks  up  into  droplets. 
Finally,  these  are  absorbed  and  the  field  is  invaded  by  lympho- 
cytes, and  finally  occupied  by  their  product,  i.e.,  newly  formed 
connective  tissue — the  terminal  sclerosis. 

This  normally  leads  to  the  conclusion  that  true  neuritis  is 
primarily  a  vascular  disorder  of  the  perineural  and  interstitial 
connective-tissue  framework  of  the  nerve,  and  that  the  nutri- 
tional disorders  of  the  muscles,  skin,  etc.,  are  due  to  pressure  by 
engorged  vessels,  serous  effusion,  etc.,  upon,  or  destruction  of, 
the  nerve-fiber  bundles  (axis-cylinders)  which  these  inflamed 
structures  surround. 

This  does  not  mean  that  the  cell-bodies  in  the  central  gan- 
glia, from  which  the  compressed  axis-cylinders  arise,  may  not 
themselves  become  involved  in  the  morbid  process.  When  they 
do,  however,  it  is  through  an  ascending  neuritis,  the  destructive 
inflammation  extending  towards  the  cerebrospinal  axis  and  grad- 
ually destroying  the  ganglion  itself. 

That  the  axis-cylinders  of  a  nerve  receive  a  part  of  their  blood 
through  their  cell-bodies  in  the  organ  from  which  they  originate,*  was 
shown  in  a  preceding  chapter.  The  importance  of  this  fact  finds  its 
practical  application  in  the  present  connection.  It  furnishes  a  sound 
foundation  for  the — now  established — clinical  difference  between  the  neu- 
ritis of  individual  nerves  and  multiple  neuritis.*  This  is  clearly  defined 
by  McPhedran'^""'  in  the  following  lines:  "In  isolated  neuritis  the  disease 
begins  in  the  nerve-sheath,  constituting  a  'perineuritis,'  the  inflammation 
extending  to  the  nerve-fibers  afterward.  In  the  multiple  forms  the  nerve- 
fibers  themselves  are  the  seat  of  the  primary  change,  the  sheath  becom- 
ing affected  later."  The  latter,  as  will  be  shown  in  the  next  heading, 
I  do  not  regard  as  a  form  of  "neuritis."  The  fact  that  a  neuritis 
steadily  ascends  from  the  periphery  has  been  noted  by  several  investi- 
gators. Thus,  Sydney  Sehwab,'^"  after  a  study  of  20  recorded  instances, 
including  two  of  his  own  in  which  the  Gasserian  ganglion  had  been 
examined  microscopically  after  extirpation,  concluded  that  disease  of  the 
nerve-cells  did  not  exist  as  a  primary  parenchymatous  affection,  and 
that  in  trigeminal  neuralgia  two  classes  of  phenomena  could  be  distin- 
guished, namely:  (11  an  ascending  neuritis  beginning  at  the  periphery 
and  having  a  tendency  to  ascend  to  the  ganglion;  (2)  an  interstitial 
inflammation,  chronic  and  progressive,  of  the  ganglion  itself.  Moreover, 
Rose'"*  found  the  lesions  more  marked  at  the  peripheral  ends  of  dis- 
eased nerves  than  at  their  central  ends.  All  these  observations  have 
been  confirmed  repeatedly. 

*  Author's  conchifiion. 

100  McPhedran :    Med.  News,  Oct.  31.  1896. 

Sydney  Schwab:   Annals  of  Surg.,  June,  1901. 
"2  Rose:   Loc.  cit. 
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Etiology  and  Pathogenesis. — Although  the  causes  of  true 
neuritis,  including  the  "neuralgias/'  are  very  numerous,  the 
pathogenesis  is  the  same  in  every  instance,  i.e.,  some  primary 
physical  interference  with  the  normal  functions  of  the  nerve.* 
We  may  thus  have  neuritis  due  to  mechanical  injury  of  the 
nerve,  as  from  blows,  contusions,  wounds,  stretching  (as  in  dis- 
locations, fractures,  etc.)  and  pressure,  the  latter  including  com- 
pression by  aneurysms,  tumors,  crutches,  sleeping  upon  the  arm, 
etc.,  and  excessive  use  of  an  extremity.  The  lesion  is  essentially 
local  and  what  degree  of  neuritis  occurs  is  associated  with  an 
attempt  at  repair.*  This  applies  likewise  to  the  extension  of 
localized  disease,  carcinomatous,  syphilitic,  tuberculous  or  other 
foci,  or  tumors,  caries  of  bone,  etc.  In  any  of  these,  destruc- 
tion of  the  nerve  may  lead  to  trophic  disorders,  paralysis,  etc., 
diifering  in  no  way  from  those  observed  in  trigeminal  and  other 
severe  neuralgias. 

In  30  cases  of  Morton's  disease,  i.e.,  metatarsal  neuralgia,  Robert 
Jones"'  traced  10  clearly  to  injury.  Neuralgia  of  various  nerves  of  the 
arm,  due  to  excessive  professional  use  of  this  member,  was  observed  in 
30  cases  by  Bernhardt;"*  leeching  over  the  nerves  was  found  to  give 
marked  relief  in  some  eases — evidence  that  hypersemia  and  neuritis, 
therefore,  were  the  cause  of  pain. 

The  lesion  is  primarily  local  also  in  the  most  frequent  cause 
of  neuritis :  exposure  of  a  part  of  the  body,  one  side  of  the  head 
and  face,  the  neck,  the  gluteal  region,  etc.,  to  a  draught  of  cold 
air,  especially  while  the  area  exposed  is  warm,  flushed  and  per- 
spiring. The  arterioles  of  the  cutaneous  tissues  being  sud- 
denly chilled  while  dilated,  the  temperature  of  the  auto-anti- 
toxin is  reduced,  thus  inhibiting  the  action  of  its  trypsin,  and 
two  sets  of  morbid  phenomena  occur :  ( 1 )  temporary  paresis  of 
the  local  arterioles;  (2)  temporary  inhibition  of  the  proteolytic 
process  through  which  the  local  waste-products  of  metabolism 
are  reduced  to  eliminable  end-products.*  We  are  dealing  here 
with  a  neuritis,  since  the  morbid  dilation  of  the  neural 
arterioles  necessarily  entails  hyperaemia  of  the  perineurium  and 
engorgement  of  the  endoneurium,  and  pressure,  therefore,  upon 
the  nervi  nervorum.  In  addition  to  this  passive  hjnperasmia,  the 
region  becomes  the  seat  of  the  active  hypersemia  incident  upon 


*  Author's  conclusion. 

Robert  Jones:  Liverpool  Med.-Chir.  Jour.,  vol.  xvil,  p.  1,  1897. 
104  Bernhardt:    Semaine  medicale,  vol.  xvi,  p.  13,  1896. 
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the  reparative  process,  including  the  destruction  of  detritus.* 
Hence  the  severity  of  the  pain  in  neuralgia. 

As  in  migraine,  neuralgia  may  be  due  to  reflex  action  owing 
to  some  ocular,  aural,  nasal,  cutaneous  or  other  lesions. 

The  pathological  anatomy  of  the  local  lesions  we  have  seen  is  in- 
variably connected  with  local  congestion.  This  controverts  a  prevailing 
misconception  of  the  manner  in  which  neuralgic  pain  is  provoked,  viz., 
that  it  can  be  caused  by  a  deficiency  of  blood  in  painful  areas,  or  by 
"poisons"  circulating  in  the  nerve.  Even  in  joints,  the  accumulation  of 
endogenous  poisons  does  not  provoke  pain  directly;  were  it  otherwise, 
it  would  be  impossible  to  account  for  the  disappearance  of  pain  under 
the  influence  of  hot,  dry  air,  and  other  measures  which  do  not  destroy 
chemically  the  poison  directly.  But  the  action  of  hot,  dry  air  is  readily 
explained — as  well  as  the  beneficial  effect  of  heat  in  neuralgia — when  we 
recall  that  the  activity  of  the  blood  constituents — the  ferment  in  par- 
ticular— which  destroy  the  toxics  is  enhanced  by  heat.*  The  need  of 
the  antitoxic  inflammation  being  reduced,  the  local  hyperaemia  is  cor- 
respondingly diminished,  and  pain  is  reduced  in  proportion.  In  other 
words,  it  is  not  the  poison  which  causes  the  pain,  but  the  reparative 
process  which  the  presence  of  the  poison  engenders,  and  particularly  the 
congestion  it  entails. 

Neuralgia  frequently  occurs  irrespective  of  any  apparent 
exciting  cause,  such  as  a  cold,  a  traumatism,  etc.  The  causative 
neuritis  appears  almost  invariably  after  puberty,  in  subjects 
debilitated  by  physical  or  mental  overwork,  infectious  diseases, 
malaria,  prolonged  lactation,  or  by  the  prolonged  ingestion  or 
absorption  of  certain  poisons,  alcohol,  lead,  arsenic,  etc.  Here, 
the  neuritis  is  secondary,  in  the  sense  that  it  is  evoked  as  a  com- 
plication of  another,  but  general,  disorder.* 

The  debilitating  influences  mentioned  react  on  the  general 
organism,  we  have  seen,  by  reducing  the  functional  efficiency  of 
the  anterior  pituitary  body.*  In  a  large  proportion  of  cases  the 
inefficiency  of  this  organ  is  inherited,  "neuralgia"  being  often 
observed  in  families  in  which  epilepsy,  hysteria  and  other  nerv- 
ous diseases  have  prevailed.  Entailing  as  it  does,  a  reduction, 
more  or  less  marked,  of  the  blood's  properties,  poisons  of  auto- 
genetic  origin  such  as  those  that  occur  in  the  blood  in  gout, 
rheumatism,  ursemia  and  kindred  conditions,  are  allowed  to 
accumulate  in  the  blood-stream.  Hence  the  frequent  associa- 
tion of  both  neuritis  and  "neuralgia"  noted  by  clinicians.* 
When  this  accumulation  of  physiological  poisons  has  reached  a 
certain  degree,  the  phenomenon  witnessed  in  epilepsy,  migraine, 
etc.,  occurs,  viz.,  a  violent  reaction  of  general  centers  of  both 


*  Author's  conclusion. 


1540    INTERNAL  SECRETIONS  IN  PATHOGENESIS  AND  TREATMENT. 

lobes  of  the  pituitary,  including  those  of  the  sympathetic  and 
vasomotor  systems.* 

Important  in  this  connection  is  the  fact  that  the  intestinal 
canal  takes  an  active  part  in  the  morbid  process,  the  inadequate 
evacuation  of  excrementitious  materials  causing  it  to  act  as  a 
source  of  autoinfection.  There  is  usually  constipation  and  the 
stools  are  exceedingly  foul.  The  underlying  cause  of  this  is  an 
imperfect  disinfection  of  the  intestinal  contents  by  the  succus 
entericus,  i.e..  by  the  auto-antitoxin  it  contains,*  the  result,  we 
have  seen,  of  insufficiency  of  the  adrenal  system.* 

The  kinship  between  neuralgia,  migraine  and  epilepsy  extends  even 
to  the  characteristic  symptoms  of  the  latter  disease.  Gowers,  for 
instance,™  refers  to  two  cases  of  neuralgia  attended  with  vomiting;  to 
another  in  which  opisthotonos  was  "so  severe  that  the  patient  rested 
on  the  head  and  the  heels."  Anton^"  also  observed  two  cases  in  which 
attacks  of  trigeminal  neuralgia  lapsed  into  typical  epileptic  seizures. 
Grinker,"^"'  on  the  other  hand,  reported  a  case  in  which  right  trigeminal 
neuralgia  coincided  with  neuritis  of  the  left  sciatic,  etc.  F6r6^""  and 
others  have  emphasized  the  analogy  between  certain  forms  of  neuralgia, 
the  tic  douloureux,  for  instance,  and  epilepsy.  In  Putnam's™  opinion, 
that  difference  between  neuralgia  and  migraine  is  one  of  degree  rather 
than  of  kind.  Lange""  has  called  attention  to  the  frequency  of  the 
alternation  of  migraine  with  neuralgia. 

The  pain  is  limited  to  a  given  area,  and  recurs  in  that  area 
because  its  vessels  have,  some  time  in  the  course  of  the  patient's 
life,  been  exposed  to  one  or  more  of  the  many  exciting  causes 
capable  of  bringing  on  an  attack,  cold,  traumatism,  pressure, 
etc.  These  exciting  causes  evoking,  as  stated  above,  an  inflam- 
matory process  in  the  walls  of  the  neural  vessels,  this  process 
forms  the  starting-point  of  the  endarteritis  and  arteriosclerosis 
found,  we  have  seen,  in  advanced  cases.*  When,  therefore,  the 
accumulated  blood-poisons  provoke,  by  irritating  the  sympathetic 
and  vasomotor  centers,  a  rise  of  the  blood-pressure  of  the  entire 
body,  the  neural  blood-vessels  of  the  "neuralgic"  area  yield  more 
readily  than  those  throughout  the  rest  of  the  body,  and  the  nerve 
becoming  hyperaemie,  pain  is  provoked. 

We  have  seen  that  in  epilepsy  and  migraine  there  is  primarily  a 
general  constriction  of  the  arterioles,  because  the  sympathetic  center 
is  the  first  stimulated;    and  that  this  is  succeeded  by  general  vaso- 

*  Author's  conclusion. 
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motor  constriction  when  the  vasomotor  center  yields  to  the  irritation. 
The  case  is  the  same  in  neuralgia.  The  great  influx  from  the  ventral 
vessels  to  the  periphery  which  attends  general  vasoconstriction  soon  over- 
comes the  resistance  of  the  weakened  arterioles  of  the  affected  area  and 
enforces  their  dilation.  Although  it  has  so  far  remained  unexplained, 
this  sequence  of  events  has  been  actually  witnessed.  Thus,  Gowers 
states  that  the  first  effect  is  usually  "a  constriction  of  the  vessels  of  the 
part"  and  that  "this  is  often  followed  by  their  relaxation."* 

Tieatment. — Neuralgia,  especially  the  trigeminal  and  sci- 
atic forms,  involves  so  much  suffering  that  the  first  indication 
is  to  control  the  pain.  In  the  light  of  the  pathogenesis  of 
neuritis  described  in  the  foregoing  pages,  this  reduces  itself  to 
the  use  of  measures  calculated  to  diminish  the  congestion  of 
the  neural  blood-vessels,  and  thus  to  reduce  the  pressure  upon 
the  nervi  nervorum.  The  next  indication  is  to  remove,  if  pos- 
sible, the  cause  of  the  disorder  itself. 

Measures  which  Reduce  the  Congestion  of  the  Pain- 
ful Area. — The  majority  of  cases  observed  in  general  practice 
occur  in  subjects  predisposed  to  frequent  recurrences.  Even 
the  worst  form  of  neuralgia,  tic  douloureux,  is  characteristically 
prone  to  remissions,  of  days',  weeks',  and  even  months'  duration. 
The  pain,  therefore,  cannot  be  ascribed  to  the  permanent  lesions 
in  the  nerve  itself ;  it  must  be  due  to  some  fluctuating  agency  :* 
the  local  hyperaemia,  we  have  seen.  It  is  not  only  therefore  in 
mild  cases  that  reduction  of  the  local  congestion  is  indicated, 
but  also  in  the  worst  cases.  To  accomplish  this,  we  have  at  our 
disposal  four  groups  of  remedies: — 

(1)  Drugs  which  cause  general  vasodilation  by  depressing 
directly  the  general  vasomotor  center.* 

The  bromides  are  useful  agents  of  this  class  in  mild  cases. 
In  the  average  case,  however,  they  are  unreliable,  unless  large 
doses  are  used,  when  gastric  disorders,  bromism  and  accumula- 
tion of  toxic  wastes  in  the  blood  are  likely  to  follow.  By  giv- 
ing small  doses — 10  grains  (0.6  gm.) — and  using  the  sodium 
salt,  these  drawbacks  are  reduced  to  a  minimum,  while  its 
analgesic  properties  may  be  increased  by  means  of  chloral 
hydrate.,  10  grains  (0.6  gm.),  the  central  action  of  which  is 
similar  to  that  of  the  bromides.  The  combined  use  of  these 
two  salts,  every  two  hours,  aided  by  one  of  the  local  remedies 
enumerated  below,  usually  masters  the  mild  forms  commonly 
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observed.  When  the  pulse  is  tense  and  hard,  especially  in  ple- 
thoric subjects,  a  third  vasomotor  depressant,  veratrum  viride, 
may  be  added,  2  drops  (or  four  times  this  amount:  1905 
U,  S.  P.)  of  the  tincture  being  given  every  two  hours.  When 
no  heart  lesion  is  present,  tlie  pain  may  be  relieved  by  the 
inhalation  of  three  drops  of  amyl  nitrite,  in  the  physician's 
presence.  Five  or  six  drops  poured  on  absorbent  cotton  in  an 
emery-stoppered  bottle,  affords  the  patient  a  convenient  and  safe 
means,  through  which  he  can  obtain  relief  by  taking  an  oc- 
casional "whiff."  The  preliminary  use  of  amyl  nitrite — which 
also  lowers  arterial  tension — followed  by  the  bromide-chloral 
mixture,  generally  proves  more  satisfactory,  however.  Nitrogly- 
cerin advantageously  replaces  the  latter  agents  in  many  cases, 
especially  when  large  nerves,  those  of  the  brachial  plexus  and 
the  sciatic,  for  instance,  are  inflamed.  It  depresses  both  the 
vasomotor  and  sympathetic  centers,*  and  by  thus  reducing  the 
vascular  tension  in  all  vessels,  counteracts  the  pressure  in  the 
hyperaemic  nerves,  and  bleeds  them,  as  it  were,  into  the  great 
central  trunks.  In  trifacial  neuralgia,  the  pain  may  be  in- 
creased at  first  through  the  dilation  of  the  arterioles;  but  this 
does  not  occur  after  a  few  doses  of  the  bromide-chloral  mix- 
ture.* The  dose,  one  minim  of  the  1-per-cent.  solution  grad- 
ually increased  to  four  minims,  three  times  daily.  While  nitro- 
glycerin is  often  curative,  the  bromides,  chloral  and  amyl  nitrite 
are  only  temporary  expedients  which  should  be  withdrawn  after 
cessation  of  the  pain. 

The  influence  of  general  vasodilation  is  well  illustrated  by  Pom- 
merol's  case,"'  in  which  a  sciatica  of  five  years'  standing  was  cured  by 
the  bite  of  a  viper.  The  value  of  nitroglycerin  has  been  recognized 
by  Herter,"^  Mikhalkine,'"  Lawrence,  Krauss"*  and  others. 

(2)  Drugs  which  cause  general  constriction  of  the  arterioles 
by  stimulating  the  general  sympathetic  center.* 

Of  this  group,  the  coal-tar  products  are  the  most  effective, 
especially  acetanild  in  5-grain  (0.3  gm.)  doses  every  hour  three 
times,  then  every  three  hours,  until  the  pain  ceases.  By  caus- 
ing powerful  constriction  of  the  peripheral  arterioles,  they  re- 

*  Author's  conclusion. 

m  Pommerol:   Gaz.  des  hopitaux,  Aug.  2,  1900. 
"2  Herter:    Loc.  cit. 

1"  Mikhalkine:  Med.  Obozrenie;  Revue  de  therap.  mSdico-chir.,  vol.  Ixii,  p. 
122  1895 

'"*krauss:    N.  Y.  Med.  Jour.,  Feb.  29,  1896;  Buffalo  Med.  Jour.,  Oct.,  1897. 


NEURITIS,  NEURALGIA. 


1543 


duce  greatly  the  proportion  of  blood  supplied  to  the  inflamed 
nerves;*  the  latter  being  simultaneously  depleted  in  the  veins, 
the  pressure  upon  the  nervi  nervorum  ceases  and  the  pain  like- 
wise. Phenacctin,  in  10  to  15  grain  (0.6  to  1  gm.)  doses,  is 
also  useful.  Antipyrine  is  more  apt  to  provoke  untoward  effects 
than  acetanild,  but  it  has  proved  valuable  especially  in  sciatica, 
when  injected,  with  an  equal  quantity  (10  grains — 0.6  gm.)  of 
sterilized  water,  in  the  tissues  immediately  overlying  the  nerve. 
The  coal-tar  products  should  be  used  only  temporarily  as  anal- 
gesics. Morphine  relieves  pain  in  the  same  way,  whether  ad- 
ministered orally  or  subcutaneously  close  to  the  diseased  nerve. 
Deep  injections,  practically  down  to  the  nerve,  of  ^/g  grain 
(0.01)  morphine  and  V^ao  grain  (0.0005  gm.)  atropine  are  very 
effective,  even  in  sciatica.  This  should  be  repeated  daily. 
When  there  is  reason  to  believe  that  a  drug-habit  may  be 
initiated  by  using  the  foregoing  drugs  internally,  the  same  phy- 
siological effects  may  be  obtained  with  aconitine,  ^Aoo  grain 
(0.00015  gm.)  every  four  hours,  gradually  increased  until  the 
first  "physiological"  effect,  i.e.,  tingling,  appears,  when  the  dose 
should  be  somewhat  decreased.  The  tincture  of  aconite  root 
(1905  U.  S.  P.)  4  minims  (0.25  gm.)  may  be  used  instead  if 
preferred ;  it  is  especially  effective  when  given  with  the  tincture 
of  gelsemium,  10  minims  (0.6  gm.),  given  every  hour,  until  the 
labial  and  digital  tingling  of  aconite  is  felt.  These  two  remedies 
sometimes  prove  curative.  Cocaine  also  relieves  pain  by  caus- 
ing constriction  of  the  arterioles.  It  has  given  good  results 
when  injected  in  doses  of  to  Vj  grain  (0.016  to  0.03  gm.) 
in  solution,  over  the  seat  of  the  pain.  In  neuralgia  of  the  face 
it  may  be  injected  into  the  arm,  carefully  avoiding  a  vein. 
Osmic  acid,  which  acts  similarly,  is  sometimes  very  effective  in 
severe  cases,  when  10  to  20  minims  (0.6  to  1.2  c.c.)  of  a  1-per- 
cent, solution  are  injected  near  the  nerve,  or  better  into  its  sub- 
stance after  exposing  it  surgically. 

Cocaine  has  also  been  used  in  sciatica  in  the  form  of  intrarachi- 
dian  injections,  but  the  ordinary  methods  are  as  effectual.  The  danger 
of  penetrating  a  vein  was  suggested  by  Bergmann,""  who,  having  ob- 
tained immediate  relief  in  a  case  of  sciatica  by  injecting  1.5  minims 
(0.90  c.c.)  of  a  5-per-eent.  solution  of  cocaine,  without  observing  the 
least  untoward  effect,  caused  violent  symptoms  of  intoxication  the  next 
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day  in  the  same  patient  by  an  injection  of  only  5  minims  (0.3  c.c. ) 
of  the  same  solution.  As  recommended  by  Cagney,""  cocaine  should  be 
used  with  prudence.  Osmic  acid  has  been  recommended  by  many  obser- 
vers since  Billroth  suggested  its  use  over  twenty  years  ago.  J.  B. 
Murphy,"'  G.  A.  Wright,""  and  others,  now  expose  the  nerve  in  rebellious 
trifacial  neuralgia  under  ansesthesia,  and  inject  from  5  to  10  minims 
(0.3  to  0.6  c.c.)  of  a  1.5-per-cent.  solution  into  the  nerve-substance  and 
between  the  nerve  and  its  sheath.  This  is  thought  to  cause  degeneration, 
the  pain  ceasing  permanently  in  most  cases. 

(3)  Local  remedies  which  produce  reflex  constriction  of 
the  peripheral  arterioles,  including  those  of  the  painful  nerves, 
by  irritating  directly  the  cutaneous  sensory  terminals.* 

Aconitine  acts  in  the  same  way,  applied  locally,  in  the  form 
of  an  ointment  composed  of  4  grains  (0.25  gm.)  of  the  alkaloid, 
2  drachms  (8  gms.)  of  glycerin,  and  6  drachms  (24  gms.)  of 
cerate;  .veratrine,  10  grains  (0.6  gm.),  may  be  added  for  severe 
cases.  Care  should  be  taken  to  avoid  rubbing  this  ointment 
over  an  abrasion,  since  it  is  violently  poisonous.  Ethyl  chloride 
sprayed  over  the  painful  region  daily  sometimes  proves  curative. 
The  skin  should  be  protected  by  a  thin  layer  of  grease.  In  mild 
cases  menthol  rubbed  freely  on  the  skin  is  quite  effective.  Its 
efficiency  is  greatly  increased  by  the  addition  of  guaiacol;  15 
grains  (1  gm.)  of  each  may  be  dissolved  in  5  drachms  (20  gms.) 
of  absolute  alcohol,  and  rubbed  gently  over  the  congested  nerve. 
Again,  cocaine,  15  grains  (1  gm.),  may  be  combined  with  men- 
thol, 10  grains  (0.6  gm.),  in  one  drachm  of  vaselin,  and  rubbed 
into  the  skin  with  a  wad  of  cotton.  Chloral  hydrate,  with  equal 
parts  of  camphor,  forms  a  thick  liquid  which,  painted  freely  over 
the  affected  region,  serves  often  to  prevent  the  pain  until  inter- 
nal treatment  has  controlled  the  cause.  Galvanism,  the  anode 
well  moistened  with  salt  water,  being  placed  over  the  painful 
spot,  also  relieves  pain  by  causing  constriction  of  the  vessels  that 
supply  the  nerves. 

(4)  Measures  which  provoke  direct  or  indirect  depletion  of 
perineural  arterioles,  and,  therefore,  of  the  endoneural  capil- 
laries.* 

Guaiacol  is  so  active  in  this  connection  that  15  drops  ap- 
plied to  the  skin  have  caused  a  marked  decline  of  the  peripheral 
temperature,  and  even  prostration.  Equal  parts  of  guaiacol  and 
glycerin  painted  over  the  diseased  nerves  promptly  relieves  pain. 

*  Author's  eoncluaion . 
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Leeches  afford  a  ready  means  for  direct  depletion ;  but  in 
brachial  neuritis  bleeding  may  be  resorted  to  with  advantage,  the 
abstraction  of  a  few  ounces  of  blood  sufficing.  Cupping  >s  still 
recommended  by  some  eminent  neurologists.  Hydrochloric  acid 
painted  over  the  nerve,  three  or  four  times  at  48  hours'  interval, 
affords  effective  counterirritation  in  neuralgia  of  the  extremities. 
Superheated  dry  air  is  very  effective,  not  only  because  it  draws 
blood  to  the  skin,  which  becomes  quite  red,  but  because  the  activ- 
ity of  the  auto-antitoxin  of  the  blood  is  greatly  enhanced.* 
Warm  pack  about  the  abdomen  or  even  the  ordinary  hot  water 
applied  over  this  region  markedly  facilitates  the  action  of  any 
drug  administered  internally  calculated  to  deplete  the  congested 
area.  Heat  applied  to  the  latter  in  the  form  of  the  hot-water 
bag,  a  hot  brick,  a  hot  hop  or  bran  bag  are  familiar  derivatives 
which  assist  the  curative  process  also  by  increasing  catabolic 
activity  of  the  trypsin  in  the  auto-antitoxin.* 

Measures  which  Tend  to  Eliminate  the  Cause  of  the 
Neural  Congestion. — Of  the  many  exciting  causes  of  neuritis 
enumerated,  those  that  belong  to  the  domain  of  the  physician 
are  closely  allied,  we  have  seen,  (1)  to  disorders,  such  as 
migraine,  gout,  epilepsy,  etc.,  which  are  attended  by  an  accum- 
ulation of  toxic  wastes  in  the  blood,  and  (2)  with  intestinal 
torpor  due  to  the  same  central  cause,  and  entailing  auto-intoxi- 
cation. Since  the  pain  occurs  in  most  cases  as  intermittent 
paroxysms  caused  by  the  accumulation  of  toxic  materials  in  the 
blood,  measures  which  prevent  the  latter  should  prevent  the 
return  of  the  pain. 

In  some  cases  purgatives  now  and  then  suffice  to  prevent 
the  accesses.  Castor  oil,  of  all  remedies  of  this  class,  has  given 
the  best  results  in  1  to  2  ounce  (28  to  56  gm.)  doses  each 
morning.  Mixed  with  two  or  three  tablespoonfuls  of  ale  (pre- 
ferably Bass's,  owing  to  the  large  quantity  of  gas  it  contains) 
it  forms  an  emulsion  and  cannot  be  tasted.  After  the  first  few 
days  it  causes  but  one  evacuation  daily.  The  oil  causes  both 
catharsis  and  disinfection  by  increasing  reflexly  the  relative  pro- 
portion of  auto-antitoxin  in  the  intestinal  juice.*  Citrate  of 
magnesia  and  other  saline  purgatives  taken  occasionally,  only 
prevent  the  attacks  in  mild  cases,  and  require  the  aid  of  rem- 
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edies  that  stimulate  the  adrenal  system.  The  dietetic  measures 
recommended  for  migraine^^^  are  also  indicated  in  cases  of  neu- 
ralgia when  at  all  severe.  This  applies  likewise  to  the  use  of 
saline  solution  when  the  general  symptoms  point  to  a  consider- 
able accumulation  of  toxic  wastes  in  the  blood,  especially  in 
sciatica.  In  all  such  cases  the  free  use  of  pure  water  as  a  bev- 
erage is  very  beneficial,  while  the  use  of  alcohol,  coffee,  and  tea 
is  harmful. 

Castor  oil  has  given  excellent  results  in  the  various  forms  of  neu- 
ralgia. Ochsner  reported.  13  cases  all  materially  improved.  Moyer'^° 
treated  15  cases  in  the  manner  outlined  in  above  text.  Of  seven  reported 
but  one  failed  to  be  benefited,  four  being  cured.  Aldrich,'^'-  Waxham^^ 
and  others,  have  also  recommended  this  treatment.  Debove  and  BruhP' 
found  a  saline  solution  composed  of  5  per  milie  each  of  sodium  chloride 
and  sodium  sulphate,  efifective  in  sciatica. 

Of  the  drugs  which  have  been  used  to  controvert  the  "gouty" 
state — by  stimulating  the  adrenal  system — sodium  salicylate,  or 
salicin,  5  to  15  grains  (0.3  to  1  gm.)  in  cachets,  followed  by 
a  glassful  of  water,  has  given  good  results,  but  both  agents 
sometimes  cause  gastric  disorders.  A  more  satisfactory  remedy 
is  strychnine  in  full  doses,  V40  grain  (0.0016  gm.),  gradually 
increased  to  ^/jo  grain  (0.0032  gm.)  three  times  daily.  It  pow- 
erfully stimulates  the  anterior  pituitary  body,  thus  enhancing 
the  oxidizing  power  of  the  blood,  and  is  especially  active  in  early 
eases,  and  when  anaemia  is  present.  In  sthenic  cases  sodium  io- 
dide in  10  grain  (0.6  gm.)  doses  in  a  large  glassful  of  water  after 
each  meal  is  more  effective.  It  may  be  gradually  increased,  but 
as  soon  as  any  sign  of  iodism  appears  the  doses  should  be  re- 
duced as  needed  to  avoid  this  phenomenon,  the  smaller  dose 
being  continued.  When  gout  or  rheumatism  is  present  colchi- 
cum,  10  minims  (0.6  gm.)  of  the  tincture,  increases  greatly  the 
efficiency  of  the  iodide;  colchicine,  V120  grain  (0.00054  gm.), 
may  be  used  instead  of  the  tincture.  Quinine  is  often  recom- 
mended, but  it  is  really  beneficial  when  malaria  underlies  neu- 
ritis and  when  anaemia  is  present.  In  sthenic  cases,  it  causes* 
hypertonicity  and  increases  the  pain.  The  henzoate  of  sodium, 
5  grains  (0.3  gm.)  every  three  hours  the  first  two  days,  then 


Cf.  this  vol.,  p.  1526. 
120  Moyer:    Jour.  Amer.  Med.  Assoc.,  Apr.  21,  1900. 
i2iAIdrich:    Cleveland  Med.  Gaz.,  Nov.,  1900. 
122  Waxham:    Colo.  Med.  Jour.,  Dec,  1901. 

1^  Debove  and  Bruhl:    Gaz.  des  hopitaux,  vol.  Ixviii,  p.  365,  1895. 
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after  each  meal,  is  often  efficacious  in  children  or  young  adoles- 
cents. 

In  neuralgia  as  well  as  migraine,  the  case  should  be  care- 
fully examined  lest  the  pain  be  reflex.  Any  causal  disorder  of 
this  kind  should,  of  course,  be  eliminated.  This  being  done 
and  the  measures  recommended  failing  to  remove  the  suffering, 
surgical  measures  should  be  resorted  to,  especially  in  tic  dou- 
loureux. In  this  acutely  painful  form  of  neuralgia,  the  best 
operation  so  far  devised  is  that  of  division  of  the  sensory  root 
of  the  fifth  nerve,  a  safer  and  more  efficacious  operation  than 
removal  of  the  Gasserian  ganglion. 

Strychnine  in  heroic  doses  was  found  effective  by  Dana"'*  in  cases 
of  one  or  two  years'  duration.  It  arrested  the  disease  almost  invariably. 
In  cases  of  six  or  seven  years'  duration  and  in  those  in  which  inflam- 
matory changes — especially  scleroses — were  present,  no  benefit  resulted. 
It  is  usually  given  hypodermically,  but  as  more  than  one  injection  can 
hardly  be  administered  daily,  a  large  dose  has  to  be  given.  I  have  found 
it  more  advantageous  to  give  it  internally  as  stated,  i.e.,  in  divided 
doses,  since  a  larger  aggregate  of  the  drug  can  thus  be  used. 

Division  of  the  sensory  root  of  the  fifth  pair  for  tic  douloureux 
has  recently  been  perfected  by  Frazier  and  Spiller,  who  introduced  this 
operation.  In  the  four  cases  reported^"  there  had  been  no  recurrence  of 
the  pain,  the  longest  time  elapsed  being  two  years  and  eight  months, 
and  the  shortest  fourteen  months.  It  entails  much  less  haemorrhage 
than  removal  of  the  Gasserian  ganglion,  is  less  dangerous,  avoids  ocular 
disturbances  and  particularly  ulceration  of  the  cornea. 


1"  Dana:    Jour.  Amer.  Med.  Assoc.,  May  5,  1900. 
Frazier  and  Spiller:   Ibid.,  Oct.  1,  1904. 
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THE  INTERNAL  SECRETIONS  IN  THEIR  RELATIONS 
TO  PATHOGENESIS  AND  THERA- 
PEUTICS (Continued). 

DISORDERS  DUE  TO  HYPERACTIVITY  OF  THE  ADRENAL 

SYSTEM. 

Although  the  above  heading  would  appear  to  incriminate 
the  adrenal  system  as  the  source  of  the  disorders  considered  in 
this  chapter,  the  morbid  effects  its  excessive  functional  activity 
engenders  are,  in  truth,  primarily  due  to  the  presence  in  the 
blood  of  one  or  more  poisons  which  overstimulate  the  test-organ, 
and  thus  cause  an  excessive  production  of  adrenoxidase.  As  I 
will  show  in  the  following  pages,  it  is  this  agent  which,  by 
enhancing  metabolism  inordinately  in  the  walls  of  the  arterioles 
of  the  vasa  vasorum,  causes  the  lumen  of  these  vessels  to  become 
obliterated.  Atheromatous  degeneration  thus  becomes  but  a 
normal  result  of  the  fact  that  the  nutrition  of  the  vascular 
tissues  supplied  by  these  minute  vessels  is  prevented. 

This  points,  however,  to  the  adrenal  system  as  the  domi- 
nant factor  of  arteriosclerosis,  a  disease  which,  although  as 
stated  by  Sir  James  Barr,^  "kills  more  men  in  the  prime  of  life 
and  vigor  of  manhood  than  any  other,"  is  far  from  being  under- 
stood. Indeed,  Joseph  Collins,^  after  a  comprehensive  study  of 
the  subject,  was  recently  led  to  conclude  that  "there  is  no 
unanimity  of  opinion  concerning  the  way  in  which  the  morbid 
condition  constituting  arteriosclerosis  develops."  The  adrenal 
system  fulfills  quite  as  prominent  a  position  in  the  pathogenesis 
of  the  two  main  results  of  arteriosclerosis,  viz.,  angina  pectoris 
and  cerebral  haemorrhage,  as  we  will  presently  see. 

ARTERIOSCLEROSIS. 

Synonyms.  —  Atheroma;  Arteriofihrosis  ;  Endarteritis 
Chronica  Deformans. 

Definition. — Arteriosclerosis  is  primarily  due  to  the  pres- 
ence of  endogenous  or  exogenous  toxic  substances  in  the  blood, 

1  Sir  James  Barr:    Brit.  Med.  Jour.,  Jan.  20,  1906. 
^CoUins:    N.  Y.  Med.  Jour.,  June  9,  1906. 
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in  excess  of  the  quantity  which  the  auto-antitoxin  of  the  latter 
can  convert  into  benign  and  eliminable  end-products.  The 
adrenal  system  being  Itept  overactive  by  these  poisons,  however, 
the  proportion  of  adrenoxidase  in  the  blood  is  excessive,  and  the 
walls  of  all  vessels  are  the  seat  of  inordinate  metabolic  activity. 
The  arterioles  of  the  vasa  vasorum  being  similarly  affected,  their 
muscular  coat  finally  becomes  hypertrophied — sufficiently  in 
many  instances  to  obstruct  or  obliterate  their  lumen.  The  vas- 
cular tissues  supplied  by  these  obstructed  vasa  vasorum  being 
no  longer  adequately  nourished,  they  undergo  necrosis  and  the 
necrosed  areas  become  the  seat  of  atheromatous  or  sclerotic 
patches.* 

Symptoms. — Although  arteriosclerosis  gives  rise  to  symp- 
toms that  vary  according  to  the  organ  which  is  the  seat  of  the 
most  advanced  lesions,  there  are  certain  phenomena  that  are 
common  to  all  cases.  Before  the  characteristic  vascular  lesions 
are  discernible,  these  cases  are  apt  to  show  evidences  of  general 
asthenia,  being  readily  fatigued  by  exertion,  and  sweating 
readily  without  adequate  cause.  The  face  is  pale,  especially 
about  the  mouth,  temple  and  eyes,  and  a  tendency  to  giddiness 
and  loss  of  intellectual  acumen  is  occasionally  observed. 

When  the  disease  is  sufficiently  advanced,  the  characteristic 
symptoms  are  eminently  vascular.  Prominent  among  these  is 
the  resistance  of  the  vessels  to  pressure,  especially  discernible 
when  the  finger  is  applied  over  the  arteries  of  the  wrist  and 
popliteal  space.  The  resistance  may  be  due  to  two  factors :  one 
of  these,  increase  of  tension  of  the  vessel,  is  not  always  present, 
and  often  occurs  in  other  diseases ;  while  the  other,  thickening 
of  the  vessel-walls,  is  a  characteristic  sign  when  high  tension  is 
alone  present,  firm  pressure  arresting  the  pulsations  beyond  the 
seat  of  pressure.  When  the  artery  is  sclerosed,  however,  this 
cannot  be  done,  the  vessel's  pulsations  being  quite  perceptible 
notwithstanding  the  compression;  the  pulsation  is  also  pro- 
longed owing  to  the  narrowing  of  the  vascular  lumen.  High 
tension  and  sclerosis  are  often  present  simultaneously;  in  that 
case,  the  signs  of  sclerosis  prevail.  Another  sign  is  usually 
present  to  confirm  the  diagnosis:  a  tortuous,  dilated,  and  pul- 
sating appearance  of  the  arteries  of  the  temple.  Sphygmographic 


*  Author's  deflnition. 
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tracings  show  a  short  sloping  upstroke,  a  wide  top  and  a  slow, 
gradual  downstroke.  The  pulse  is  usually  slow  and  retarded  at 
the  wrist  when  the  narrowing  of  the  artery  is  marked,  and  may 
differ  on  the  two  sides  if  the  stenosis  of  one  vessel  is  more 
marked  than  that  of  the  other  arm.  Another  confirmatory  sign 
is  often  present,  i.e.,  the  arciis  senilis. 

Early  in  the  course  of  the  disease  the  urine  is  apt  to  be 
more  abundant  and  to  show  variations  of  specific  gravity.  Albu- 
minuria may  then  appear  intermittently,  and  finally  contain 
casts.  When  these  organs  are  seriously  involved,  anuria  and  the 
symptoms  of  chronic  fibrous  nephritis  may  appear  and  symp- 
toms of  urseraia  likewise.  Arteriosclerosis  of  the  uterus  is 
sometimes  the  cause  of  severe  haemorrhage  at  the  menopause  or 
in  aged  subjects.  In  the  latter  the  bleeding  is  difficult  to  con- 
trol, owing  to  the  arterial  fibrosis.  The  dislodgement  of 
thrombi,  due  to  endarteritis,  or  detached  thrombi  or  wide- 
spread arteriosclerosis,  sometimes  gives  rise  to  gangrene  of  the 
extremities. 

An  important  feature  of  the  whole  problem  is  the  asthenic  char- 
acter of  the  disease  emphasized,  by  many  authors,  whether  met  in  a 
decrepit  old  subject  or  in  an  overfed  gourmand.  Thus  Stengel'  includes 
among  the  earlier  symptoms  "reduced  vitality,"  and  remarks  that  "many 
cases  of  neurasthenia  are  of  cardiovascular  origin,"  and  characterizes  as 
the  "arteriosclerotic  facies,"  "a  peculiar  pallor"  specially  conspicuous 
around  the  mouth,  temples  and  eyes.  Kisch*  associates  obesity  with 
arteriosclerosis. 

Bittdorf,'  as  shown  farther  on,  associates  marked  pallor  with 
aortic  arteriosclerosis.  As  to  the  involvement  of  the  uterus,  Reinicke" 
observed  four  cases  of  this  kind  in  which  hysterectomy  became  necessary 
to  avoid  a  fatal  issue.  The  vessels  of  the  organ  showed  typical  lesions 
of  the  senile  type.  Similar  instances  have  been  reported  by  Cholmogo- 
roff,'  Grube'  and  others.    Ergot  invariably  aggravates  the  bleeding. 

The  heart  finally  becomes  hypertrophied,  owing  to  the  in- 
creased resistance  of  the  blood-column.  The  left  ventricle  hav- 
ing to  bear  the  brunt  of  the  increased  work,  however,  it  is  the 
one  which  undergoes  hypertrophy  first ;  the  aortic  second  sound 
is  therefore  unusually  accentiiated,  clear  and  ringing.  This  is 
best  heard  behind,  over  the  angle  of  the  left  scapula  on  a  level 
with  the  seventh  dorsal  spine.  This  imilateral  enlargement  and 
the  unusual  displacement  the  increased  vigor  of  the  left  ven- 

^  Stengel:   Amer.  Medicine,  Jan  2,  1904. 

*Kisch:    W^iener  klin.  Rundschau,  Bd.  ix,  S.  371,  1895. 

^Bittdorf:    Deut.  Archiv  f.  Med.,  Bd.  Ixxxi,  S.  65,  1904. 

8Reinicke:    Archiv  f.  Gynaek.,  Bd.  liii,  S.  430,  1897. 

'  Cholmogorotf:    Monats.  f.  Geb.  u.  Gynaek.,  Bd.  xi,  S.  692,  1900. 

8  Grube:    Ibid.,  Bd.  xvi,  S.  258,  1902. 
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tricle  entails  tend  to  displace  the  heart  as  a  whole — the  apex 
being  sometimes  over  an  inch  or  more  nearer  the  sternum  than 
usual.  This  hypertrophy  is  a  desirable  condition,  and  serves 
to  overcome  the  obstruction  to  the  blood-stream.  The  general 
health  may  not  be  impaired  by  its  presence  a  number  of  years 
therefore,  until  the  coronary  arteries  are  markedly  diseased  and 
the  nutrition  of  the  myocardium  is  seriously  compromised. 
When  this  occurs  degeneration  of  the  heart-muscle  supervenes 
with  its  consequences :  heart-failure,  arhythmia,  dyspnoea,  pul- 
monary congestion,  oedema,  etc.  Angina  pectoris  is  a  formid- 
able complication  of  the  lesions  of  the  coronaries,  though  not 
due,  as  now  believed,  to  obstruction  of  these  vessels,  but,  as 
shown  farther  on,  to  their  inability  to  control  the  volume  of 
blood  admitted  into  the  pericardium.*  Rupture  of  the  heart- 
wall  may  occur,  with  haemorrhage  into  the  pericardium. 

Hasenfeld"  found  in  the  course  of  extensive  pathological  studies 
that  arteriosclerosis  only  leads  to  hypertrophy  of  the  left  ventricle  when 
the  splanchnics  or  thoracic  aorta  are  severely  affected.  Arteriosclerosis 
of  the  other  vessels  does  not  seem  to  have  such  an  effect.  Runsberg'^" 
holds,  on  good  ground,  that  the  cardiac  symptoms  are  of  dual  origin,  the 
one  set  arising  from  the  sclerosis  of  the  coronaries,  the  other  due  to 
impairment  of  the  cardiac  functions  owing  to  the  sclerosis  of  the  vas- 
cular system  at  large.  Stengel  very  appropriately  states  that  arhythmia 
in  persons  near  forty  is  too  often  attributed  to  gastric  disturbances, 
tobacco,  tea,  coffee,  etc. 

The  aorta  is  often  involved,  and  tends  greatly  to  aggravate 
the  patient's  general  condition.  The  face  is  often  very  pale 
and  there  is  a  marked  tendency  to  obesity.  Abnormal  pulsa- 
tions in  the  subclavian  and  carotid  arteries  are  usually  marked, 
and  dilation  of  the  veins  of  the  chest  may  sometimes  be  pro- 
voked by  forced  respiration ;  the  tissues  over  the  sternum  will 
then  appear  oedematous  as  in  aortic  aneurism.  The  pupils  may 
differ  in  size,  though  the  reflexes  remain  normal,  and  the  retinal 
vessels  may  be  dilated  and  even  hasmorrhagie.  Respiratory  phe- 
nomena are  of  frequent  occurrence,  there  being  a  tendency  to 
bronchitis,  emphysema,  bronchiectasis  and  haemoptysis,  with  a 
marked  susceptibility  to  tuberculosis.  A  prominent  symptom  is 
weakness  of  the  arms.  The  resistance  to  the  blood-stream  being 
increased  in  the  aorta,  the  cardiac  hypertrophy  attending  the 
general  disease  is  aggravated,  and  may  even  occur  if  the  aorta 


•  Author's  conclusion. 

»Hasenfeld:  Deut.  Archiv  f.  klin.  Med.,  Bd.  lix,  S.  193,  1897. 
i»Runsberg:    Finska  Lak.  Handl.,  Bd.  xliii,  Nu.  8,  1900. 
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be  alone  the  seat  of  the  characteristic  advanced  lesions.  While 
the  first  aortic  sound  is  clear  and  distinct,  the  second  sound  is 
more  or  less  accentuated.  The  peripheral  vessels  may  show  but 
slight  arteriosclerosis.  The  pulses  of  both  sides  often  differ, 
and  the  pulse  is  generally  rapid,  though  the  blood-pressure  be 
increased.  Palpitations,  cardiac  oppression  and  dyspnoea  are 
caused  by  exertion,  while  vertigo,  tinnitus  and  other  symptoms 
of  the  general  dyscrasia  may  appear. 

The  symptomatology  of  aortic  arteriosclerosis  has  recently  been 
carefully  worked  out  by  Bittdorf"^  in  54  cases  not  complicated  by  aortic 
stenosis,  aneurism,  coronary  sclerosis  or  nephritis.  The  symptoms  out- 
lined in  the  general  text  are  mainly  those  given  by  this  investigator. 
William  Welch^  states  that  the  aorta  is  a  region  of  predilection  for  the 
cicatricial  form  of  arteriosclerosis.  It  shows  but  little  tendency  to  ex- 
tend into  the  large  branches  of  the  aorta  or  into  the  abdominal  aorta. 
The  changes  occur  in  the  adventitia  and  media,  and  may  consist  of  fur- 
rows and  depressions,  elevated  plaques  or  fibrous  scar-like  patches. 

Arteriosclerosis  of  the  brain  is  a  prominent  feature  of  many 
cases.  Vertigo  is  a  salient  symptom  of  this  condition,  especially 
in  the  aged.  In  these  and  younger  subjects  the  early  mani- 
festations may  assume  the  form  of  intellectual  torpor  with  loss 
of  memory  for  recent  events,  irritability  and  darting  head-pains. 
Aphasia,  somnolence,  tinnitus  aurium,  inequality  of  the  pupils 
and  disorders  of  vision  and  sensation,  i.e.,  insecurity  of  gait  or 
even  numbness  of  one  limb  or  one  side  of  the  body.  Apoplecti- 
form and  epileptiform  attacks,  preceded  by  the  characteristic 
prodromes,  are  sometimes  witnessed  in  such  subjects,  and,  in 
fact,  may  precede  those  just  outlined.  Senile  dementia  or  gen- 
eral paralysis  which  occasionally  occur  are  due,  in  keeping  with 
the  other  phenomena,  to  degenerative  changes. 

In  a  study  of  200  cases  of  apoplexy  M.  Allen  Starr'^  found  that  80 
per  cent,  showed  many  of  the  above  phenomena  as  prodromal  signs. 
Hence  the  importance  of  recognizing  them  early  so  as  to  foretell,  if  pos- 
sible, the  apoplectic  attack.  Joseph  Collins,"  in  an  able  article  based 
on  a  study  of  800  cases  of  arteriosclerosis,  states  that  "the  most  strik- 
ing feature  of  the  disease  is  the  alteration  of  the  patient's  appearance. 
The  individual  becomes  transformed  from  a  person  expressing  grace  in 
movement  and  relaxation  in  repose,  into  an  immobile,  inanimate  replica 
of  the  normal  person"  ....  "the  gait  is  perhaps  the  most  remarkable 
feature  of  the  patient.  The  stride  is  short,  oftentimes  only  a  few  inches, 
the  feet  widely  separated  and  not  lifted  from  the  ground,  the  rhythm 
of  the  movement  often  slow  and  rapid."    In  15  advanced  eases  Zapin- 

"  Bittdort:    Lor.  rit. 

12  William  Welch:    N.  Y.  Med.  Jour.,  June  18,  1904. 

"  M.  Allen  Starr:    Med.  Record,  July  4.  1903. 

"Joseph  Collins:   N.  Y.  Med.  Jour.,  June  9,  16,  23,  1906. 
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sky"  found  cortical  vascular  lesions  in  14.  Collins  states  that  the  most 
striking  alterations  are  found  in  the  middle  cerebral  .arteries  and  the 
branches.  In  some  instances  the  entire  brain  is  shrunken.  Bondurant,^" 
after  a  study  of  200  cases,  concludes  that  "the  characteristic  and  ever- 
present  mental  expression  of  arteriosclerosis  is  dementia  of  some  kind 
or  degree." 

Arteriosclerosis  of  the  spinal  cord  and  peripheral  nerves 
may  act  as  the  imderlying  cause  of  numerous  diseases  of  these 
organs.  Lesions  of  the  lower  half  of  the  cord  evoke  morbid 
phenomena  in  the  lower  extremities;  lesions  of  the  upper  half 
in  the  upper,  or  in  both  upper  and  lower.  If  the  anterior  horns 
are  involved,  motor  symptoms  appear :  if  the  lesions  are  located 
in  the  posterior  horns,  the  disorders  are  sensory.  Besides  these 
territorial  effects,  however,  the  specific  symptomatology  of  arte- 
riosclerosis asserts  itself.  Thus,  besides  gradual  development  of 
paralysis  of  the  lower  extremities,  preceded  by  stiffness,  mus- 
cular cramps,  etc.,  the  arteries  show  the  typical  signs;  the 
blood-pressure  is  high  and  the  characteristic  heart-sounds  are 
present. 

The  spinal  type  of  neurasthenia,  pain  in  the  back,  numb- 
ness of  the  legs,  irregular  twitchings  of  the  muscles  and  weak- 
ness, irregularity  in  urination,  and  constipation  and  various 
forms  of  neuralgia  are  also  witnessed. 

Joseph  Collins,  referring  to  the  symptomatology  given  in  outline 
in  the  first  paragraph,  and  illustrated  by  a  typical  case  seen  with 
Zabriskie,  states  that  when  advanced,  such  cases  are  often  diagnosticated 
as  transverse  myelitis  or  chronic  myelitis.  He  refers  to  an  instance  in 
which  the  symptoms  came  on  so  abruptly  that  the  diagnosis  of  Landry's 
paralysis  was  made.  He  states  also  that  it  was  well  described  by  von 
Leyden  (1875),  who  looked  upon  it  as  a  senile  process  in  the  spinal 
cord.  The  neurasthenic  type  outlined  in  the  second  paragraph  is  re- 
garded by  M.  Allen  Starr"  as  due  to  malnutrition  of  the  cord. 

Pathogenesis  and  Pathology. — In  the  majority  of  eases  of 
arteriosclerosis,  the  disease  is  preceded  by  a  general  adynamia 
due  to  functional  torpor  or  hypoactivity  of  either  of  the  organs 
of  the  adrenal  system,  or  all  of  them,  i.e.,  the  adrenal  center, 
the  adrenals  or  the  thyroid.*  This  may  be  the  result  of  normal 
or  premature  senility,  starvation,  or  of  diseases  such  as  syphilis 
and  influenza,  which  depress  markedly  the  functional  activity 
of  the  adrenal  center  ;*  or  of  poisons  such  as  alcohol,  phosphorus 

*  Author's  cotwlmion. 

^^Zapinsky:    Wratch,  No.  4,  p.  95,  1896. 

Bondurant:   Intern.  Med.  Mag.,  July,  1896. 
"  M.  Allen  Starr:    Loc.  cit. 
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— that  of  the  endotoxin  of  tuberculosis,  for  example — which 
deoxidize  the  blood  and  thus  render  all  the  organs  of  the  adrenal 
system  hypoactive;*  or  of  inlierited  functional  debility  of  this 
system.* 

Old  age  is  not  a  cause  of  arteriosclerosis.  The  organs  of  the 
adrenal  system  becoming  senile  with  the  rest  of  the  organism,  the  pro- 
cess of  life  which  they  govern,  i.e.,  tissue  metabolism,  is  inhibited  in 
proportion.  The  other  etiological  factors  are  generally  recognized  as 
such.  Moritz,"  in  a  study  of  100  cases  of  arteriosclerosis  under  60 
years  of  age  (Russians),  found  that  47  gave  a  history  of  syphilis 
acquired  from  eight  to  thirty  years  before  the  date  of  examination,  and 
that  all  but  four  were  immoderate  or  moderate  consumers  of  alcohol. 
Though  this  applies  to  Russian  lower  classes  and  cannot  be  taken  as 
standard  for  people  of  other  countries,  the  potent  influence  of  syphilis 
and  alcohol  is,  nevertheless,  illustrated.  Sir  J.  Barr'*  regards  syphilis 
as  the  most  potent  factor  in  the  production  of  arteriosclerosis,  and  holds 
that  typhoid  fever  plays  a  considerable  part  in  its  induction.  Exces- 
sive smoking  is  also  believed  to  be  pathogenic.  Boveri'-"  produced  athe- 
roma of  the  aorta  in  the  rabbit  by  the  administration  per  ora  of  an 
infusion  of  tobacco.  Nammack"  attaches  great  importance  to  heredity 
as  an  etiological  factor.  Bock^  attributes  a  certain  proportion  of  cases 
to  insufficient  food. 

In  this  group  of  cases  the  exciting  causes  of  arteriosclerosis 
are  toxic  products  of  hypocatabolism,  including  xanthin  and 
hypoxanthin,  which  are  present  more  or  less  continuously  in  the 
blood,  owing  to  the  functional  torpor  of  the  adrenal  system.* 
Hence*  the  fact  that  the  gouty  diathesis  is  generally  included 
among  the  causes  of  arteriosclerosis. 

The  poisonous  properties  of  xanthin,  hypoxanthin  and  other  toxic 
wastes  of  the  purin  group  were  first  shown,  we  have  seen,  under  Gout, 
by  Grancher  and  fully  confirmed  by  Kolisch,  Tandler  Paltauf  and 
Albrecht.  Croftan,^  moreover,  showed  that  they  produced  granular 
degeneration  of  the  epithelium  of  the  convoluted  tubules  and  prolifera- 
tion of  the  endothelium  of  the  intertubular  epithelium.  The  corre- 
sponding lesions  in  the  smaller  vessels  in  arteriosclerosis,  in  the  familiar 
"endarteritis  obliterans,"  the  "arteriolitis"  of  Letulle,  etc.,  correspond 
with  these  processes, — all  inflammatory  in  nature,  as  pointed  out  by 
Virchow  in  1856,  precisely  as  the  lesion  in  the  kidneys,  the  interstitial 
nephritis  leading  to  contraction,  is  inflammatory. 

Gout  is  now  generally  considered  as  a  cause  of  arteriosclerosis, 
whereas,  as  interpreted  from  my  standpoint,  the  etiology  of  gout  and 
that  of  arteriosclerosis  are — as  far  as  the  xanthin  group  is  concerned — 
similar,  i.e.,  adrenal  insufficiency  leading  to  the  formation  of  toxic 
wastes  as  a  preliminary  feature.    Rachford,-^  nearly  ten  years  ago, 
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emphasized  this  kinship  and  attributed  the  main  phenomena  witnessed 
in  arteriosclerosis  to  xanthin  and  other  purin  bodies.  "We  can  well 
imagine,"  says  this  author,  "that  this  condition  of  the  arteries  might 
result  from  their  long-continued  irritation  by  the  presence  of  an  excess 
of  the  alloxuric  bodies  in  the  blood,"  several  cases  being  adduced  in 
support  of  this  view.  If  the  multiplicity  of  conditions  with  which 
arteriosclerosis  is  associated,  migraine,  neuralgia,  neuritis,  asthma,  etc., 
are  compared  to  those  associated  with  the  gouty  diathesis,  the  strength 
of  this  interpretation  will  appear.  Again,  we  have  seen  in  the  article 
on  (}out  that,  as  first  shown  by  Levison,  the  kidneys  are  profoundly  dis- 
eased in  gout.  The  similarity  of  the  lesions  in  both  diseases,  however, 
may  be  illustrated  by  Osier's  statements  that  in  gout^  there  is  "an 
interstitial  nephritis,  either  the  ordinary  'contracted  kidney'  or  the 
arteriosclerotic  form,"  and  that  in  arteriosclerosis,^'  "the  condition  is 
practically  that  of  contracted  kidney." 

Arteriosclerosis  differs  from  gout  and  the  diseases  that  are 
provoked  by  the  gouty  diathesis  in  that  it  may  be  caused  (indi- 
rectly) by  poisons  other  than  the  purin  bases.  Thus  it  may  be 
caused  by  products  of  tissue  catabolism,  such  as  those  derived 
from  the  muscles  during  violent  exertion  or  physical  labor,  or 
from  the  brain  tissues  during  excessive  mental  strain,  or  from 
the  combination  of  these  two  factors  which  constitutes  "strenu- 
ous life."  The  disease  may  also  be  provoked  by  the  pathogenic 
elements  of  many  infectious  diseases,  typhoid  fever,  variola, 
erysipelas,  pneumonia,  measles,  scarlatina,  acute  rheumatism, 
septicsemia,  etc.,  and  various  poisons  such  as  lead. 

Excessive  muscular  exertion  is  regarded  as  a  prominent  predisposing 
factor.  Thayer  and  Brush,"  in  an  analysis  of  nearly  4000  patients 
suffering  from  various  diseases,  found  the  percentage  of  palpable  radial 
arteries  materially  higher  among  individuals  in  whom  there  was  a  his- 
tory of  heavy  physical  labor.  Collins^'  states  that  "within  the  present 
generation  arteriosclerosis  has  advanced  from  the  position  of  a  senile 
manifestation  and  a  necessary  accompaniment  of  old  age,  which  our 
predecessors  had  given  it,  to  one  of  the  commonest  sequences  of  the 
strenuous,  disordered  life." 

The  toxic  origin  of  arteriosclerosis  has  been  pointed  out  by  Traube, 
Rokitanski  and  many  others.  Both  Huehard  and  Runeberg  ascribed 
endarteritis  to  a  toxin  in  the  blood.  Therese^"  was  able  to  prove  this 
fact  experimentally.  Jilbert  and  Lion,^"  Boinet  and  Romarv^'  and 
others  produced  atheroma  of  the  aorta  by  injecting  various  pathogenic 
bacteria.  A  comprehensive  study  of  the  question  also  led  RusselP-  to 
conclude  that  the  disease  is  due  to  the  presence  of  deleterious  substances 
in  the  blood.    Again,  Flexner^  observed  a  ease  in  which  the  aorta  had 
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apparently  been  rendered  tuberculous  through  infection  of  the  intima 
by  the  blood-stream — a  legitimate  conclusion  in  view  of  my  contention 
that  the  endotoxin  of  tubercle  bacilli  acts  through  the  phosphorus  it  con- 
tains. Thayer  and  Brush,^*  in  21  out  of  52  autopsies  in  typhoid  fever, 
found  fresh  patches  in  the  aorta,  and  in  13  out  of  62  autopsies,  similar 
patches  on  the  coronary  arteries. 

These  poisons  provoke  arteriosclerosis  by  causing  an  exces- 
sive or  too  prolonged  defensive  reaction  of  the  adrenal  system.* 
The  blood  being  supplied  with  an  excess  of  adrenoxidase,  the 
muscular  coats  of  all  vessels,  including^  those  of  the  nutrient 
arteries  of  the  latter,  the  vasa  vasorum,  are  subjected  to  exces- 
sive metabolism,  which  causes  them  to  remain  more  or  less 
permanently  constricted,  and  finally  to  hypertrophy,  thus  obli- 
terating the  vessel.* 

The  marked  vascular  tension  observed  in  many  cases  of 
arteriosclerosis — which  constitutes  one  of  its  most  dangerous 
phases,  owing  to  the  danger  of  arterial  rupture,  cerebral  hasmor- 
rhage,  aneurism,  etc.,  it  entails — is  the  subjective  manifestation 
of  this  condition.*  The  arterioles  which  supply  the  vasa  vas- 
orum being  primarily  affected  in  this  manner,  owing  to  their 
diminutive  size,  the  areas  of  the  vascular  coats  to  which  they 
are  distributed  are  no  longer  adequately  nourished ;  they  finally 
become  necrotic,  therefore,  and  are  then  transformed  into  athe- 
romatous or  sclerotic  patches.* 

RusselP  has  urged  the  existence  of  a  close  connection  between 
arteriosclerosis  and  vasoconstriction,  the  latter  being  attributed  by  him 
to  the  presence  of  poisons  in  the  body,  i.e.,  to  autointoxication. 

The  vasa  vasorum  have  long  been  knovra  to  play  an  important 
role  in  the  process.  Cowan'"  states,  in  fact,  that  the  "vasal  changes 
may,  in  some  cases,  be  the  only  visible  lesion,"  and  refers  to  cases  in 
which  "the  interference  with  the  vascular  supply  from  the  vasal  vessels 
produced  medial  and  intimal  necrosis."  Osier,  referring  to  Council- 
man's study  of  41  autopsies,  states  that  "in  the  circumscribed  or 
nodular  arteriosclerosis  the  primary  alteration  consists  in  a  degenera- 
tion or  a  local  infiltration  in  the  media  and  adventitia,  chiefly  about 
the  vasa  vasorum."  All  this  applies  to  the  large  vessels  as  well  as  to 
the  aorta.  Cowan  states  that  he  has  witnessed  obliterating  lesions  in 
the  aortic  vasa  after  acute  rheumatism. 

Interesting  experiments  have  shown  recently  that  injections  of  a 
solution  of  adrenalin  during  a  prolonged  period  produced  typical  athe- 
romatous lesions.  This  fact,  first  observed  bv  Josue,  has  been  confirmed 
by  Gouget,"  R.  M.  Pearce  and  E.  MacD.  Stanton^  and  L.  Braun.'»  The 
latter  observer,  however,  injected  amy!  nitrite  simultaneously  to  coun- 
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teract  the  vasoconstrictor  action  of  the  adrenalin.  As  the  arterial 
sclerosis  followed  nevertheless,  he  concluded  that  its  action  was  similar 
to  that  of  other  toxics.  This  view  is  in  accord  with  my  interpretation 
of  the  mode  of  action  of  the  adrenal  secretion:  By  injecting  persis- 
tently adrenalin  (the  active  principle  of  this  secretion)  into  the  blood, 
they  produced  excessive  intracellular  metabolism,  constriction  and  ob- 
struction of  these  vessels  in  the  experimental  animals. 

The  fact  that  the  adrenal  extractives  raise  the  arterial  tension 
has  long  been  known.  M.  Allen  Starr*"  suggested  that  in  some  cases  of 
arteriosclerosis,  the  high  tension  was  due  to  lack  of  activity  of  the  thy- 
roid gland.  On  giving  thyroid  extract,  he  observed  considerable  improve- 
ment and  lowering  of  tension.  The  manner  in  which  this  beneficial 
effect  was  produced  is  plain,  in  view  of  the  role  of  thyroidase.  Not  only 
did  the  latter  sensitize  (as  opsonin)  the  poisons  in  the  blood,  but  by 
increasing  the  sensibility  of  the  depressor  nerve,  it  reduced  the  func- 
tional activity  of  the  adrenals  and  thyroid*^  and  produced  general  vaso- 
dilation. It  could  not  stimulate  the  adrenal  system  here,  since  it  was 
already  overactive. 

That  the  adrenals  are  powerfully  stimulated  by  waste-products  and 
disease  toxins  we  have  seen  in  the  first  volume  and  in  this.  Vaquez" 
reported  "a  case  of  persistently  high  tension  which  at  autopsy  showed  an 
adenoma  of  the  adrenal."  The  same  observer  suggests  that  "an  adrenal 
irritation  is  responsible  for  the  change  in  tension  and  the  tendency  to 
arteriosclerosis."  Coplin  writes  in  this  connection:  "In  the  discus- 
sion, Josue  referred  to  his  experimental  studies  and  stated  that,  with 
Bernard,  he  was  at  present  studying  the  adrenals  from  cases  of  athe- 
roma ;  they  have  reached  the  conclusion  that  in  such  cases  the  glands 
show  evidences  of  increased  activity."  Coplin,*^  who  refers  to  these 
observations  as  "highly  suggestive"  and  demanding  "careful  clinical  and 
experimental  study  and  further  observation,"  refers  to  histological  sec- 
tions of  the  adrenals  of  22  cases  of  arteriosclerosis  in  which  only  .5  were 
found  by  him  not  markedly  altered,  the  only  cases  departing  from  con- 
ditions which  I  ascribe  to  excessive  stimulation  being  3  of  tuberculosis 
and  1  of  secondary  neoplasm.  A  large  number  of  investigators  have  con- 
firmed the  observations  of  Josu?.  Lissauer"  and  others,  having  studied 
the  lesions  histologically,  hold  that  they  diff"er  from  those  of  true  arterio- 
sclerosis. That  an  experimental  condition  brought  on  acutely,  as  it 
were,  should  difTer  somewhat  from  a  corresponding  disorder  gradually 
developed  in  human  beings,  is  self-evident.  Again,  as  observed  by  Josuf, 
Loeb  and  Githens,  and  others,  various  drugs  which  raise  the  blood-pres- 
sure do  not  produce  atheroma.  This  only  proves  that,  in  accord  with 
my  conception  of  the  process,  it  is  not  the  rise  of  blood-pressure  which 
causes  the  disease — since  any  agent  capable  of  exciting  the  vasomotor 
and  sympathetic  would  do  so — but  excessive  metabolic  activity  in  the 
vascular  elements  and  hypertrophy,  which  in  such  minute  vessels  as  the 
vasa  vasorura — arterioles — means  obliteration. 

That  we  cannot  ascribe  the  elevation  of  pressure  to  a  direct  action 
of  the  poisons  upon  the  adrenals  is  shown  by  the  fact  that  destructive 
metamorphosis  does  not  enhance  the  fimctional  activity  of  these  organs; 
it  reduces  it.  We  have  proof  of  this  fact  in  the  course  of  events  in 
Addison's  disease.  Moreover,  we  have  conclusive  evidence  to  the  effect 
that  the  antitoxic  properties  of  the  blood  are  increased  in  the  observa- 
tion of  Sir  James  Barr*^  that  the  blood  of  arteriosclerosis  in  55  per 
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cent,  of  the  eases  gave  complete  agglutination  with  the  colon  bacillus,  as 
compared  with  only  20  per  cent,  with  the  blood  of  persons  free  from 
arteriosclerosis.  I  have  shown  that  agglutination  indicated  an  increase 
of  proteolytic  activity. 

The  fact  that  the  administration  of  thyroid  extract  reduces  the 
vascular  tension,  as  stated  by  Allen  Starr,  Osborne"  and  others,  indi- 
cates, moreover,  that  the  high  blood-pressure  is  often  but  a  temporary 
condition,  and  not,  therefore,  an  inherent  factor  of  the  morbid  process. 
This  accounts  for  the  lack  of  accord  as  to  presence  of  this  symptom. 
Thus,  while  Cowan  states  that  "the  essential  cause  of  arterial  sclerosis 
is  an  increase  of  arterial  tension,"  implying  therefore  that  it  is  present 
in  every  case,  Dunin**  foimd  it  normal  or  reduced  in  80  out  of  440  in- 
stances, after  excluding  all  cases  in  which  there  was  loss  of  cardiac  com- 
pensation. Keigi  Sawada,"  in  a  series  of  98  cases,  found  an  increase 
of  blood-pressure  in  only  12.3  per  cent.,  the  accentuation  of  the  second 
aortic  sound  being  often  present  without  such  a  rise.  Romberg's™  inves- 
tigations showed  even  a  smaller  proportion,  i.e.,  a  rise  of  pressure  in 
only  10  per  cent.  Allbutt,"  who  contends  that  the  rise  is  not  due  to 
arteriosclerosis,  but  to  some  alteration  of  the  blood  or  some  "perversion 
of  metabolism"  (a  prominent  factor,  in  the  light  of  my  views),  states 
that  in  the  senile  form,  the  blood-pressure  is  not  usually  elevated. 

In  some  cases  a  high  vascular  tension  is  maintained  through 
the  resistance  offered  by  the  kidneys  when  these  organs  are  con- 
siderably inflamed  or  when  they  are  contracted.  Under  these 
conditions,  the  toxic  wastes  accumulate  in  great  quantities  in 
the  blood  and  the  two  morbid  conditions  operating  simultane- 
ously,* a  very  high  and  dangerous  rise  of  the  blood-pressure  may 
occur — which  may  be  reduced  by  appropriate  measures. 

In  accord  with  the  experience  of  other  clinicians  Groedel"  states 
that  the  blood-pressure  is  invariably  increased  when  contracted  kidney 
exists  simultaneously.  Both  Hasenfeld^'  and  Hirsch"  found  that  both 
ventricles  of  the  heart,  and  not  the  left  alone,  were  hypertrophied  when 
the  kidneys  were  diseased. 

Arteriosclerosis  may  be  circumscribed  into  patches,  the  so- 
called  "nodular"  plates  commonly  foimd  in  the  larger  vessels, 
especially  the  aorta,  where  they  often  occur  in  great  numbers,  the 
coronaries,  the  carotids,  etc.,  and  which  vary  in  size  from  that 
of  a  pin-head  to  that  of  a  dime.  At  first  they  are  smooth,  gray- 
ish and  translucent,  the  endothelium  being  unaltered  (a  fact 
which  shows  that  the  lesion  is  not  caused  by  the  blood  circulat- 
ing in  the  artery  itself)  and  project  from  the  surface — usually 
about  one  millimeter.    Later,  however,  they  degenerate  and  be- 
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come  opaque  and  yellowish-white.  At  this  stage  they  may  either 
break  down,  forming  a  ragged  necrotic  ulcer,  the  atheromatous 
ulcer,  over  which  thrombi  may  be  formed  and  carried  to  other 
parts  by  the  circulating  blood;  or  they  may  at  once  undergo  a 
process  of  repair — if  replacing  of  destroyed  tissue  by  a  lime 
mortar  may  be  thus  called — and  the  hard,  calcareous  atheromat- 
ous plate  is  formed.  In  this  form  the  elastic  portion  of  the 
media  is  the  seat  of  the  most  marked  lesions,  being  more  or  less 
atrophied  owing  to  degeneration.  As  a  result,  the  vessel  loses 
its  elasticity,  and  its  walls  being  calcareous  give  rise  to  the  re- 
sistance felt  at  the  pulse. 

The  diffuse  form  of  arteriosclerosis  is  mainly  found  in  the 
smaller  vessels,  the  walls  of  which  consist  mainly  of  the  circular 
muscular  layer  of  the  media.  As  a  result  it  is  this  layer  which 
bears  the  brunt  of  the  morbid  process,  but  instead  of  becoming 
atrophied  as  does  the  elastica,  it  becomes,  as  a  rule,  as  is  the 
case  with  the  heart-muscle,  hypertrophied.  Nor  is  the  process 
of  repair  the  same :  the  calcareous  deposits  of  atheroma  are  sel- 
dom observed  and  an  overgrowth  of  fibrous  tissue  is  the  main 
resource  to  compensate  for  the  loss  of  contractile  elements. 

The  circumscribed  and  diffuse  forms  may,  however,  occur 
concomitantly  and  the  processes  of  repair  likewise.  In  both 
forms  narrowing  of  the  caliber  of  the  vessel,  or  even  complete 
obliteration  of  the  lumen,  may  occur  when  the  vessel  is  suffi- 
ciently small.  In  both  forms  also  this  is  mainly  due  to  hyper- 
plasia of  the  tissues  of  the  intima  underlying  the  endothelium, 
most  marked  during  the  earliest  stages  of  the  morbid  process, 
and  followed  by  the  formation  of  dense  sclerotic  tissue. 

T.  D.  Savill"  considers  atheroma  as  a  patchy  fibrocellular  infiltra- 
tion of  the  intima,  and  distinct  from  intimal  sclerosis.  From  a  study 
of  400  bodies  of  persons  who  had  died  at  the  age  of  60  or  upward,  he 
concluded  that  extensive  patchy  atheroma  was  consistent  with  extreme 
longevity  and  with  a  total  absence  of  symptoms  or  vascular  complica- 
tions. Conversely,  he  considers  moderate  disease  of  the  musclar  coat  a 
serious  potential  evil.  Atrophy  of  this  coat  may  occur  in  association 
with  some  wasting  disease,  but  hypertrophy  is  more  common,  especially 
after  middle  life;  and  may  be  succeeded  by  cloudy  swelling,  with  which 
granular  degeneration  is  frequently  associated;  necrosis  and  calcifica- 
tion occurring  in  spots  or  foci  of  varied  size.  Savill  holds  that  the 
combination  of  hypertrophy  of  the  muscular  coat  and  focal  necrosis  of 
the  media  is  a  most  deadly  one,  and  may  produce  death  by  hsemorrhage 
at  an  early  age. 


«T.  D.  Savin :   Lancet,  Sept  24,  1904. 
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As  to  the  obstruction  of  the  vascular  lumen,  Thoma'^'  holds  that 
when  the  blood-stream  is  slowed  from  any  cause,  the  intima,  by  a  pro- 
cess of  hypertrophy,  reduces  the  lumen  of  the  vessels  to  restore  the  nor- 
mal rate  of  flow — an  explanation  which  Councilman,^'  Gibson^*  and 
others  have  criticized.  That  we  are  dealing  with  a  morbid  phenomenon 
due  to  inflammation,  devoid  of  any  physiological  purpose,  coincides  more 
accurately  with  the  teachings  of  clinical  experience.  Obliterating  endar- 
teritis may  be  marked  in  syphilis,  but  Cowan'"  states  that  he  has  seen 
it  "in  the  aortic  vasa  after  acute  rheumatism,"  and  that  it  has  been 
found  in  cases  of  diphtheria,  scarlatina,  smallpox  and  typhoid  fever. 
Barie'"  also  found  that  small  arteries  and  veins  were  not  infrequently 
blocked  by  inflammation  in  typhoid  fever. 

Treatment. — In  the  treatment  of  this  disease  its  two  patho- 
logical stages  must  be  clearly  differentiated,  since  measures  indi- 
cated during  the  second  stage  may  prove  harmful  in  the  first.* 

Tlie  first  stage  corresponds  with  the  development  of  the 
lesions  and  includes  (in  the  group  of  cases,  by  far  the  largest 
met  with,  due  to  toxic  waste-products  of  catabolism)  three 
definite,  though  concurrent,  morbid  conditions:  (1)  general 
adynamia,  which  entails  (2)  hypocatabolism,  and,  therefore,  an 
accumulation  of  toxic  wastes  in  the  blood,  the  cause  in  turn  of 
(3)  the  vascular  lesions. 

The  first  indication  is  to  reduce  the  volume  of  the  patient's 
waste-products.*  The  diet  requires  the  greatest  attention,  the 
prime  requisite  being  a  reduction  of  the  daily  aggregate  of  food. 
This  applies  particularly  to  meats,  which  contribute,  owing  to 
their  wealth  in  nueleins,  the  bulk  of  the  pathogenic  xanthin  and 
hypoxanthin.  The  total  omission  of  meat — fowl  being  allowed 
— and  of  alcohol  from  the  diet,  with  reduction  of  the  other  foods 
generally  partaken  of  at  regular  meal  hours,  is  sometimes  suffi- 
cient, when  persevered  in,  to  arrest  the  morbid  process  and 
initiate  convalescence.  In  severe,  though  not  advanced,  cases,  a 
milk-diet,  at  least  one  quart  being  taken  daily  during  a  couple  of 
weeks  to  rid  the  blood  of  accumulated  poisons,  is  necessary, 
before  the  preceding  diet  is  begun. 

Sir  James  Barr*^  contends  that  so  far  as  arteriosclerosis  is  con- 
cerned, the  excessive  use  of  nitrogenous  food  kills  more  adult  men  than 
alcohol.  After  witnessing  one  of  the  great  temperance  advocates  of  the 
last  century  dine,  he  predicted  that  he  would  not  live  three  years;  the 
intemperate  eater  was  dead  within  two. 


*  Author's  conclusion. 

Thoma:    "Blood  Pressure  in  Surgery,"  1903. 
"  Counoilman :    Trans.  Assoc.  Amer.  Phys.,  vol.  vi,  p.  179,  1891. 
™  Gibson :    Lancet,  Sept.  19,  1896. 
"•Cowan:    Practitioner,  Aug.,  190.5. 
""Barie:   Rev.  de  med.,  T.  iv,  pp.  1,  124,  1884. 
"  Sir  James  Barr:   Loo.  cit. 
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Of  material  assistance  in  the  curative  process  is  the  absten- 
tion from  the  use  of  beverages  which  stimulate  the  vasomotor 
center,  coffee  and  tea.  Pure  water  in  large  quantities  and 
diuretic  drinks,  such  as  milk  and  mineral  waters,  favor  mater- 
ially the  elimination  of  toxic  wastes.  A  pinch  of  common  salt 
in  a  glass  of  milk  increases  its  digestibility  and  diuretic  action. 

Important  in  this  connection  is  the  use  of  saline  beverages, 
the  destruction  of  toxic  wastes  by  the  blood's  endogeneous  anti- 
toxin being  greatly  enhanced  when  the  blood's  alkalinity  and 
therefore  its  osmotic  properties  are  adequate.  The  bi-weekly 
use  of  a  rectal  injection  of  one  quart  of  saline  solution  at 
110°  F.  (43.3°  C.)  is  very  beneficial* 

Sodium  chloride,  we  have  seen,"-  enhances  greatly  the  osmotic  prop- 
erties of  the  blood  and  other  body  fluids.  Allbutf"  attributes  to  "in- 
creased viscosity"  and  the  interference  with  the  capillary  circulation 
which  this  entails,  the  degenerative  processes  of  arteriosclerosis. 

The  abstention  from  undue  physical  exertion  is  a  necessary 
feature  of  the  treatment,  to  prevent  the  excess  of  tissue  wastes 
and  the  rise  of  blood-pressure  it  entails.*  Occupations  which 
involve  physical  and  mental  strain,  simultaneously,  especially  if 
attended  with  worry,  are  particularly  pernicious. 

Shattuek'*  states  that  men  carrying  great  responsibilities,  such  as 
the  captains  of  industry,  show  a  high  arterial  tension.  Bock°°  holds 
that  men  who  speculate,  brokers,  bankers  and  those  of  similar  occupa- 
tion are  predisposed  to  the  disease. 

Various  clinicians  recommend  systematic  muscular  exercise,  reg- 
ulated gymnastics,  resisted  movements,  etc.  I  can  discern  no  scientific 
reason  for  such  measures,  and  am  inclined  to  believe  that  what  benefit 
is  apparently  derived  from  them  is,  in  reality,  due  to  the  hygienic  or 
medicinal  treatment  resorted  to  concomitantly.  Huchard""  recommends 
massage  on  the  plea  that  it  enhances  the  elimination  of  waste-products. 
It  becomes  a  question  whether  this  excess  is  not  a  product  of  the  mani- 
pulations. 

Tepid  hatJis  should  alone  be  recommended,  as  cold  or  warm 
baths  increase  subcutaneous  metabolism,  and  therefore  the  for- 
mation of  waste-products.  Cold  baths  are  particularly  danger- 
ous when  there  is  a  tendency  to  cerebral  haemorrhage — a  com- 
plication which  threatens  any  case  of  arteriosclerosis  and  which 
can  but  seldom  be  foreseen.  Lukewarm  sea-water  baths  are 
beneficial  in  all  stages  of  the  disease.* 

*  AittJior's  conclusion. 

«2  Cf  this  volume,  p.  1368. 

"^Allbutt:  Lancet,  Jan.  17,  1903;  and  Trans.  Pathol.  Soc,  vol.  Iv,  p.  438, 
1904. 

»*Shattuck:   N.  Y.  Med.  Jour.,  June  25,  1904. 

Bock:   Loc.  cif. 
o'Huchard:   Jour,  dea  praticiens,  Dec.  23,  1899. 
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Groedel"  found  that  the  Nauheim  baths  did  not  cause  an  injurious 
increase  of  the  blood-pressure  when  their  temperature  was  almost  indif- 
ferent, i.e.,  92°  to  93°  F.  (33.3°  to  33.9°  C),  the  primary  contraction 
of  the  cutaneous  vessels  passing  off  quickly. 

An  essential  feature  of  the  treatment  is  to  avoid  the  reten- 
tion in  the  intestinal  canal  of  dejecta  capable  of  causing  auto- 
intoxication. Saline  cathartics,  the  best  of  which  is  the  citrate 
of  magnesia,  should  be  taken  periodically  if  needed.  In  some 
cases  the  accumulation  of  toxics  is  mainly  due  to  hepatic  torpor ; 
a  purgative  dose  of  blue  mass,  followed  by  a  saline  purgative, 
given  at  intervals  of  two  weeks,  aids  materially  the  curative  pro- 
cess, by  freeing  the  intestinal  canal  of  any  accumulation  of 
excreta,  thus  obliterating  a  common  source  of  autointoxication. 

Measures  which  Counteract  Directly  the  Morbid 
Process. — The  beneficial  action  of  thyroid  extract  is  accounted 
for  by  the  controlling  action  which  large  doses  of  this  agent 
have  over  the  adrenal  system.*  By  increasing  the  sensibility  of 
the  depressor  nerve  (Cyon)  owing  to  the  excess  of  thyroidase  it 
contributes  to  the  blood,  thyroid  extract  causes  constriction  of 
the  arterioles  through  which  the  anterior  pituitary  and  the  thy- 
roid apparatus  are  supplied  with  blood.*  The  supply  of  adren- 
oxidase  (besides  thyroidase)  being  diminished,  the  metabolic 
activity  in  the  vascular  walls  is  reduced,*  and  the  chief  patho- 
genic process  is  thus  controlled.* 

The  large  doses  of  thyroid  extract  that  have  been  used  are 

unnecessary.*    When  the  vascular  tension  is  high,  the  blood 

already  contains  a  large  proportion  of  thyroidase  and  small  doses 

sometimes  suffice  to  raise  the  proportion  of  the  latter  to  the  point 

at  which  it  will  control  the  depressor,  and  through  it  reduce  the 

functional  activity  of  the  adrenal  system.*    The  arterial  tension 

should  be  the  guide,  and  starting  with  5  grains  (0.3  gm.)  three 

times  daily  (taken  during  meals),  the  dose  should  be  increased 

or  decreased  according  to  the  condition  of  the  pulse  and  the 

resistance  of  the  arterial  system  in  general.    Large  doses  may 

cause  a  sufficiently  violent  fall  of  the  blood-pressure  by  causing 

excessive  constriction  of  the  pituitaral  and  thyroidal  arterioles* 

through  the  depressor,  that  cardiac  arrest  may  occur. 

Laneereaux'^  observed  marked  benefit  in  a  well-defined  case  in 
which  he  gave  30  to  45  grains  (2  to  3  gms.)  daily.    The  arterial  ten- 

*  Author's  conclusion. 

Groedel:    Loc.  cit. 
^  Lancereaux:    Semaine  med.,  Jan.  4,  1899. 
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sion  was  lowered  and  the  hard,  calcareous  arteries  seemed  to  undergo 
resolution.  Geo.  Oliver,  according  to  Barr,""  showed  several  years  ago 
that  thyroid  extract  caused  dilation  of  the  arteries,  and  Barr,  in  experi- 
ments upon  himself,  found  that  it  increased  tissue  metabolism.  M.  Allen 
Starr,  as  previously  stated,  has  repeatedly  observed  the  "constant  thera- 
peutic efl'ect  of  the  administration  of  thyroid  extract  in  lowering  ten- 
sion." 

Huchard™  in  a  paper  on  the  use  of  hyptotensive  medication  writes, 
alluding  to  thyroid  extract:  "The  latter  has  been  classed  by  Livon 
among  the  glands  which  have  a  vasoconstrictor  action,  but  its  vaso- 
dilator and  hypotensive  action  has  been  demonstrated  by  the  experi- 
ments of  Oliver  and  Schafer,  Haskovec,  Cunningham,  Cyon,  Gley  and 
Langlois,  Guinard  and  Martin."  I  have  shovm  that  these  two  divergent 
views  are  both  sound,  since  small  doses  raise  the  vascular  tension  by 
exciting  the  pituitary  body,  while  large  doses  lower  the  blood-pressure 
by  depressing  the  pituitary.  Alluding  to  the  latter  effect,  Huchard  also 
says :  "One  can  thus  understand  how  and  why  thyroid  extracts,  and 
especially  iodothyrin,  were  able  to  benefit,  according  to  Lancereaux  and 
Paulesco,  patients  suffering  from  scleroderma,  vasomotor  disorders  of 
the  extremities  and  arteriosclerosis.  But  their  hypotensive  action  is 
brusque  and  sudden;  it  may  even  be  attended  with  asthenia  and  cardiac 
collapse,  which  is  a  great  inconvenience,  the  purpose  of  hypotensive 
medication  being  always  to  relieve  the  heart  without  weakening  it." 

Acting  in  the  same  manner,  but  less  energetically,  are  the 
iodides,  which  have  been  extensively  used.  Beginning  with  5 
grains  (0.3  gm.)  three  times  daily,  in  a  tumberful  of  water, 
after  meals,  the  dose  may  gradually  be  increased  until  15  grains 
(1  gm.)  are  given.  The  remedy  should  be  taken  during  a  pro- 
longed period,  suspending  its  use  one  week  every  month.  It  is 
efficacious  irrespective  of  any  syphilitic  taint.* 

E.  Romberg"  holds  that  the  efficacy  of  small  doses  of  potassium 
iodide  has  been  established.  James  Barr'^  says  that  iodine  is  often 
more  valuable  than  thyroid.  Combemale"  considers  potassium  iodide 
the  remedy  "par  excellence"  in  arteriosclerosis.  Milk  seems  to  facilitate 
the  tolerance  of  this  drug,  and  is  at  the  same  time  the  best  vehicle  for 
its  administration.  Jodlbauer"  ascribes  its  beneficial  action  to  the  fact 
that  it  distinctly  dilates  the  arterioles.  That  the  action  of  potassium 
iodide  corresponds  with  that  of  thyroid  extract  is  well  shown  by  the 
following  quotation  from  a  paper  by  Cummins  and  Stout"*  on  experi- 
mental arteriosclerosis:  "It  has  already  been  shown  by  Pr6vost,  Binet 
and  others,  that  the  iodide  in  large  doses  produced  diminished  vascular 
tension,  and  is  efficacious  in  overcoming  the  spasmodic  condition  of  the 
sclerosed  vessels." 

In  some  cases  the  persistence  of  a  high  degree  of  arterial 
tension  demands  prompt  action.    An  indication  of  this  is  insom- 


*  Author'it  conclusion. 
Barr:   Loc.  eit. 

'"Huchard:   Revue  de  therap.  ined-chir.,  vol.  Ixx,  p.  433,  1903. 
"  E.  Romberg:    Deut.  med.  Woch.,  Bd.  xxxii,  S.  1377,  1905. 
"James  Barr:    Loc.  cit. 

"  Combemale:    L'echo  med.  du  Nord.,  vol.  v,  p.  69,  1901. 
'*  Jodlbauer:    Miinch.  med.  Woch.,  Bd.  xlix,  S.  653,  1902. 

Cummins  and  Stout:   Univ.  of  Penna.  Med.  Bull.,  July,  1906. 
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nia,  due  to  cerebral  hyperaemia — a  condition  which,  in  itself, 
entails  the  danger  of  cerebral  haemorrhage.  The  sensibility  of 
the  vascular  centers  must  then  be  reduced  artificially.  Nitro- 
glycerin is  the  best  remedy  for  this  purpose,  ^/i2o  grain  to  ^/go 
grain  (0.00054  to  0.001  gm.)  being  taken  at  bedtime  and  kept 
up  a  week,  unless  headache  or  nausea  supervene.  When  it  loses 
its  effects,  the  other  nitrites  may  be  tried.  The  bromides  or 
chloral  hydrate,  or  better  combined,  giving  10  grains  (0.6  gm.) 
on  retiring,  may  be  used  as  substitutes.  The  bromides  alone  in 
20-grain  (1.3  gm.)  doses,  as  needed,  are  very  efficacious  when 
a  high  blood-pressure  and  headache  point  to  the  presence  of  con- 
siderable cerebral  hj'perasmia.* 

J.  M.  Anders'^  states  that  sphygmographic  tracings  indicate  the 
vasodilator  effects  of  nitroglycerin  in  arteriosclerosis  and  that  the  drug 
is  indicated  and  most  effective  in  early  cases  when  there  is  a  marked 
increase  in  the  arterial  pressure  and  the  heart  is  hypertrophied.  H.  J. 
Campbell"  holds  that  when  the  heart  is  hypertrophied  and  its  muscle 
beginning  to  fail,  the  main  indication  is  undoubtedly  to  save  the  work 
of  the  heart  as  much  as  possible.  The  regular  administration  of  small 
doses  of  nitroglycerin  is  beneficial;  but  massage  and  restricted  move- 
ments are  strongly  contraindicated.  as  is  also  the  use  of  digitalis, 
strychnine  or  other  heart  tonics.  Attention  to  the  bowels,  as  in  all 
cases  of  cardioarterial  disease,  is  of  the  first  importance.  The  value  of 
the  bromides  in  such  conditions  I  have  been  able  to  appreciate  in  my 
own  cases. 

The  second  stage  includes  the  period  during  which  the  func- 
tions of  various  organs,  the  heart,  the  kidneys,  etc.,  are  com- 
promised by  marked  organic  lesions.  Thus  atheroma  of  the 
base  of  the  aorta  often  extends  to  the  aortic  valves,  causing  them 
to  fuse  together  or  to  adhere  to  the  aortic  walls,  thus  causing 
insufficiency  or  stenosis  of  the  aortic  orifice.  Again,  when  the 
small  branches  of  the  coronaries  are  alone  sclerosed,  degenera- 
tion of  the  areas  supplied  by  the  distributing  capillaries  follows 
and  the  muscular  fibers  destroyed  are  replaced  by  fibrous  tissue. 
The  remaining  muscular  elements  taking  on  more  work  to  com- 
pensate for  the  loss,  they  are  overfed  and  become  hypertrophied, 
the  whole  organ  becoming  through  this  process  more  or  less 
enlarged.  The  kidneys,  we  have  seen,  are  the  seat  of  a  marked 
irritation  which  ultimately  leads  to  the  condition  of  granular 
kidney.    The  liver,  the  brain,  the  pancreas  and  all  other  organs, 

*  Author's  conclusion. 

■^'J.  M.  Anders:  N.  Y.  Med.  Jour.,  June  25.  1904. 
"H.  J.  Campbell:    Brit.  Med.  Jour.,  Oct.  12,  1901. 
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in  fact,  may  bear  tKe  brunt  of  the  disease  and  give  rise  to  spe- 
cial symptoms  which  are  grafted  upon  the  morbid  phenomena 
of  the  general  disease,  and  require  measures  directed  to  these 
organs,  as  illustrated  below  in  the  case  of  the  heart. 

The  remedial  measures  recommended  for  the  first  stage  are 
all  applicable  in  the  second.  When  seen  late,  however,  the 
h}'pertrophied  heart  may  show  evidences  of  degeneration,  espe- 
cially of  the  right  ventricle.  Here  the  judicious  use  of  digitalis 
becomes  necessary,  provided  the  arterial  tension  be  normal  or 
subnormal,  which  is  often  the  case  when  the  disease  is  advanced. 
Digitalin,  ^/jq  grain  (0.0065  gm.)  twice  daily,  is  effective  under 
these  conditions.  If  the  tension  rises,  nitroglycerin,  sodium 
nitrite  or  erythrol  tetranitrate  may  be  used  to  counteract  this 
effect.  We  thus  support  the  heart  and  simultaneously  avoid 
unusual  resistance  of  the  blood-column  to  the  contractions  of  its 
walls. 

The  combined  use  of  digitalis  and  the  nitrites  was  introduced  by 
Huchard  and  has  been  advocated  by  Balfour,  DaCosta  and  others,  but 
it  must  be  resorted  to  with  circumspection.  Aged  patients  seldom  bear 
digitalis  well.  Delancey  Rochester*  contends  that  it  is  always  a  dan- 
gerous drug  in  arteriosclerosis.  Combemale^'  states  that  in  the  last 
stages  of  arteriosclerosis,  digitalis  and  digitalin  or  sparteine  are  the 
only  resources  we  have  left  to  produce  even  a  palliative  effect. 

ANGINA  PECTORIS. 

Synonyms. — Stenocardia;  Breast-pang. 

Definition. — A  paroxysmal  disorder  of  the  heart  the  char- 
acteristic s}Tnptom  of  which,  severe  pain  in  and  around  this 
organ,  is  due  to  an  excessive  and  violent  influx  of  arterial  blood 
into  the  myocardium  and  its  nervous  elements.  This  flooding 
of  the  cardiac  muscle  is  due,  in  turn,  to  inability  of  the  coronary 
arteries,  when  atheromatous,  to  contract  sufficiently  under  the 
influence  of  their  vasomotor  nerves  to  prevent  it  when  the  blood- 
pressure  of  the  body  at  large  becomes  high,  owing  to  the  pres- 
ence, in  the  blood,  of  waste-products  in  sufficient  quantities  to 
excite  the  vasomotor  center.* 

Symptoms. — The  most  prominent  svTuptom.  pain,  may  be 
excruciating  and  comes  on  suddenly,  often  after  mental  excite- 
ment, a  copious  meal,  exposure,  a  muscular  effort,  etc.    It  be- 

*Author's  definition. 

™  Delancey  Rochester:   Med.  News,  Nov.  2,  1901. 
Combemale:   Loc.  cit. 
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gins  behind  the  sternum  or  in  the  heart,  this  organ  feeling  as 
if  violently  constricted,  compressed  or  stabbed,  and  extends  into 
the  neck,  the  back,  the  shoulders,  down  the  inner  aspect  of  the 
left  arm,  often  to  the  wrists  and  finger-tips.  In  some  cases  the 
pain  is  even  more  diffuse,  radiating  to  the  head  and  both  shoul- 
ders, the  trunk  and  lower  extremities,  and  may  be  followed  by 
anaesthesia  of  the  left  hand  or  arm,  preceded  by  tingling.  The 
face  may  be  pale — ashen-gray  rather — or  flushed,  and  is  usually 
covered  with  sweat.  The  features  betray  the  intense  agony  to 
which  the  patient  is  subjected  and  fear  of  impending  death. 
The  cardiac  action  is  often  regular,  but  in  some  cases  the  gallop 
rhythm  occurs  or  the  action  is  turbulent  and  irregular,  then 
weak  and  distant.  The  pulse  varies  considerably,  being  at  one 
time  slow  and  tense,  then  fast,  and  finally  irregular  and  even 
imperceptible,  to  recover  again  and  resume  its  normal  action. 
Often,  however,  the  pulse  shows  but  little,  if  any,  change.  Dys- 
pnoea, strictly  speaking,  is  seldom  present,  but  the  respiration  is 
shallow,  a  deep  breath  being  taken  at  intervals.  In  the  excep- 
tions, however,  typical  asthma  may  be  present,  including  the 
piping  rales  during  expiration.  Consciousness  is  seldom  lost 
except  in  the  final  attack.  In  favorable  cases  the  pain  may  cease 
as  abruptly  as  it  began,  gaseous  eructations  and  a  copious  flow 
of  urine  marking  the  end  of  the  attack. 

In  most  cases,  the  disease  begins  insidiously,  the  attacks 
being  at  first  slight  and  occurring  at  long  intervals.  Gradually, 
however,  they  become  more  severe  and  appear  more  frequently 
until  death  occurs — not  always  in  the  midst  of  a  paroxysm,  but 
suddenly  and  without  warning.  In  other  cases  the  attacks  fol- 
low one  another  in  rapid  succession;  in  a  third  group  death 
occurs  during  the  first  paroxysm. 

Pathog'enesis. — The  primary  cause  of  angina  pectoris  is  an 
organic  lesion  of  the  coronary  arteries.  It  is  not,  however,  as 
now  believed,  due  to  obstruction  or  stenosis  of  these  vessels,  but, 
on  the  contrary,  to  their  inability  to  respond  to  the  constrictor 
impulses  of  the  vasomotor  nerves  distributed  to  them,  and 
through  which  the  volume  of  blood  supplied  to  the  heart-wall 
is  regulated.* 


*  Author's  conclusion. 
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As  I  have  pointed  out  elsewhere,**  the  physiological  role  of  the  vaso- 
motor and  synipatlietic  network  supplied  to  the  coronaries  and  their 
branches  is  that  fultilled  by  these  nerves  elsewhere,  viz.,  to  constrict 
their  muscular  layer  and  thus  reduce  to  its  proper  limits  the  volume 
of  blood  supplied  to  the  heart  walls.  Organic  changes  must  necessarily 
inhibit  this  function.  That  the  coronaries  are  the  seat  of  such  lesions 
in  this  disease  is  familiar  to  every  one.  Huchard's"  summary  of  145 
autopsies  shows  that  in  68  instances  there  were  lesions  of  both  coron- 
aries, and  in  the  128  of  the  total  in  which  the  presence  of  such  lesions 
is  specified,  121  were  atheromatous.  That  in  the  remaining  few,  lesions 
capable  of  interfering  with  the  nervous  functions  of  the  vessels  are 
present,  though  not  advanced  sufficiently  to  be  discernible,  is  probable. 
Osier*-  states  that  "anatomically  it  has  been  shown  that  lesions  of 
the  coronaries  are  almost  invariably  present." 

This  involves  the  necessity  of  showing  that  angina  pectoris  can 
occur  when  the  coronaries  are  patent.  Jenner,*'  for  example,  to  whom 
we  owe  the  discovery  that  these  vessels  are  diseased  in  this  disease,  did 
not  find  obstruction  in  the  cases  he  examined  post-mortem ;  in  the  one 
"the  coronary  appeared  thickened;"  in  the  other,  the  vessel  itself  was 
"discovered  to  be  a  kind  of  firm,  fleshy  tube."  Osier,**  who  quotes  these 
observations,  states  that  the  coronary  arteries  of  John  Hunter,  who  died 
of  angina  pectoris,  "were  found  to  be  converted  into  open  bony  tubes." 
In  a  case  reported  by  Beverley  Robinson**  in  which  there  was  "terrific 
suffering,"  the  coronaries,  "although  uniformily  affected  by  arterio- 
sclerosis, were  of  large  caliber  and  patent  throughout,  except  near  the 
end  of  a  small  branch,"  a  fact  which  shows  that  the  case  "was  not  due" 
to  "localized  sclerosis  and  obstruction  to  the  lumen  of  the  coronary 
arteries."    Other  examples  of  this  kind  are  available  in  literature. 

Conversely,  the  coronaries  may  be  diseased,  narrowed,  obstructed 
and  even  destroyed  in  part  without  giving  rise  to  angina  pectoris. 
Auscher*°  found  the  coronaries  almost  occluded  by  atheromatous  plaques, 
in  numerous  autopsies  of  old  people  who  had  never  suffered  from  the 
disease,  and  he  refers  to  Pilliet,  who  confirmed  his  observations,  and 
found  a  large  number  of  obstructed  arteries  which  had  never  caused 
angina.  Tison"  reported  two  instances  in  which,  though  the  coronaries 
Avere  atheromatous,  calcified  and  rigid,  with  great  narrowing  of  lumen, 
being  scarcely  permeable  in  one  case,  angina  had  never  appeared. 
Osier**  refers  to  a  case  in  which,  although  no  sign  of  the  disease  had 
occurred,  the  left  coronary  was  "almost  obliterated,  only  a  pin-point 
channel  remaining,"  while  the  main  division  of  the  right  artery  "was 
converted  into  a  fibroid  cord." 

Much  confusion  prevails,  in  my  opinion,  owing  to  erroneous  inter- 
pretation of  post-mortem  findings.  Tliat  various  substances  found  in 
the  non-fluid  state  in  the  tissues  after  death  are  mobile  fluids  during 
life  is  shown  by  the  post-mortem  formation  of  myosin.  That  the  cor- 
onaries and  their  branches  are  often  found  obstructed  by  substances 
which  during  life  freely  circulated  through  them  is  therefore  probable. 
This  relegates  to  fibrosis  and  calcareous  degeneration  the  main  role  as 
sources  of  obstruction,  and  we  have  just  seen  that  they  may  exist  with- 
out causing  the  disease.    That  life  can  continue  even  to  old  age  not- 

80  Cf.  this  volume,  p.  1201. 
Huchard:   Loc.  fit. 

*2  Osier:  N.  Y.  Med.  Jour.,  Aug.  8,  22,  29;  Sept.  5,  12,  26;  Nov.  7;  Dec.  12, 
1396. 

8"  Jenner:   Cited  by  Baron:    "Life  of  Edward  Jenner,"  1827. 
**  Osier:    Lor.  cit. 

85  Beverley  Robinson:   Med.  Record,  Dec.  20,  1902. 
^'Auscher:    Bull,  de  la  Soc.  anat.,  vol.  Ixvi,  p.  545,  1891. 
*'  Tison:    lUd.,  vol.  Ixvii,  p.  401,  1892. 
8*  Osier:    N.  Y.  Med.  Jour.,  Aug.  22,  1896. 
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withstanding,  shows  that  the  remaining  vessels,  though  strained  per- 
haps, suffice  to  nourish  the  heart-wall.  It  is  only  when,  as  I  interpret 
the  process,  their  walls  become  diseased  sufficiently  to  respond  no  longer 
to  the  controlling  impulses  of  their  vasomotor  sympathetic  nerves,  and 
the  blood  can  without  restraint  flood  the  myocardium,  that  the  anginous 
attacks  can  occur. 

When  from  any  cause  general  vasoconstriction  occurs  and 
the  blood-pressure  in  the  body  at  large  is  raised  beyond  a  cer- 
tain limit,  an  unusual  volume  of  arterial  blood — varying  in  each 
case  with  the  degree  of  control  to  which  the  coronaries  are  still 
subjected — is  forced  into  the  myocardium.*  The  myocardial 
vessels  being  thus  inordinately  dilated,  and  the  vis  a  tergo 
motion  of  the  blood  being  unusually  violent,  a  forceful  and 
mechanical  hypersmia  of  the  nervi  nervorum  and  neurilemma 
of  the  multitude  of  nerves  and  ganglia  which  the  heart-walls 
contain  is  caused.*  This  evokes  the  primary  stage  of  neuritis 
in  the  cardiac  structures,*  and,  therefore,  local  neuralgia. 

Nothnagel,  as  is  well  known,  ascribed  a  form  of  angina  which  he 
termed  "Angina  Pectoris  Vaso-motoria"  to  vasomotor  spasm,  and  the 
pain  to  the  sudden  increase  of  blood-pressure  and  strain  imposed  upon 
the  heart.  Suggestive  in  the  present  connection  is  his  observation  that 
the  increase  of  vascular  tension  preceded  the  attack.  William  RusselP" 
reached  a  similar  conclusion.  In  the  four  cases  reported  the  pulse  in- 
variably indicated  the  advent  of  an  attack  by  becoming  hypertonic;  and 
relaxation  took  place  when  the  attack  ceased.  In  a  case  reported  by 
Dodd'"  sphygmographic  tracings  taken  by  Lauder  Brunton  showed  a 
high  blood-pressure  during  the  height  of  the  attack  and  a  lowered  pres- 
sure during  the  inhalation  of  amyl  nitrite,  which,  as  first  shown  by 
Brunton,  relieves  the  attack.  These  observations  are  confirmed  by  those 
of  Fraenkel,""-  who  states  that,  although  the  pulse  may  be  but  slightly 
or  not  at  all  affected,  the  blood-pressure  is  always  raised;  this  author 
refers  to  Pal  as  having  also  found  the  blood-pressure  elevated  during  the 
paroxysm.  G.  A.  Gibson*^  ascertained  that  the  rise  was  very  marked, 
varying  from  160  mm.  to  170  mm.  Hg. 

The  cardiac  pain,  as  I  interpret  it  in  the  text,  is  readily  accounted 
for  by  the  innervation  of  the  heart-walls.  Osier,  referring  to  Berke- 
ley's"' histological  study  of  the  myocardium,  states  that  "everywhere 
throughout  the  organ — in  the  tissue  beneath  the  endocardium  and  peri- 
cardium, through  the  muscle  substance  and  about  the  blood-vessels — the 
nerves  are  in  extraordinary  profusion,"  including  sensory  nerve-endings 
demonstrated  in  the  arteries  by  Thoma  and  in  the  connective  tissues  by 
Smirnow.^  True,  as  Osier  says,  "the  most  extensive  lesions,  inflamma- 
tory, degenerative  and  neoplastic,  may  not  excite  a  single  painful  sensa- 
tion. Pericarditis  of  the  most  intense  grade,  with  deep  involvement  of 
the  myocardium,  may  give  not  the  slightest  indication  of  its  existence." 
This  only  proves,  however,  that  an  additional  factor  is  necessary  in  this 

*  Author's  conclusion. 

William  Russell:    Brit.   Med.  Jour.,  Feb.   10,  1906. 
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connection:  that  which  I  have  shown  to  be  the  source  of  neuralgic  pain 
elsewhere,  i.e.,  hypersemia  of  the  nerve-sheath  itself.  Indeed,  Lancer- 
eaux  and  Peter"^  found  in  several  cases  distinct  evidence  of  neuritis  in 
the  nerves  of  the  cardiac  plexus,  a  fact  confirmed  by  Gilbert  and  Gar- 
nier.**  Laennec,  Hope,"  Trousseau"^  and  other  authorities  regarded 
angina  pectoris  as  a  neuralgia. 

When  the  coronaries  are  sufficiently  diseased  to  render  the 
development  of  an  attack  possible,  the  presence  in  the  blood  of 
any  substance  capable  of  stimulating  the  vasomotor  center  suffi- 
ciently can  provoke  an  attack.*  Normal  physiological  wastes, 
such  as  those  that  follow  the  ingestion  of  food,  suffice,  in  ad- 
vanced cases,  to  cause  a  paroxysm,  especially  when  the  kidneys 
are  at  all  diseased.  In  the  majority  of  cases,  however,  there  is 
a  history  of  gout,  syphilis,  influenza,  malaria,  scurvy  or  other 
disease  of  a  debilitating  character,  and  which,  therefore,  entail, 
especially  after  middle-life,  hypocatabolism  and  its  consequences, 
the  formation  of  toxic  wastes  and  acidosis.  These  conditions 
tend  not  only  to  cause  an  elevation  of  the  blood-pressure,  but 
sudden  exacerbations  of  the  same  after  dietetic  indiscretions, 
exposure,  etc.  Worry,  grief,  shock,  excessive  drinking,  smok- 
ing, venery,  etc.,  also  prepare  the  ground  for  angina  pectoris  by 
debilitating  the  organism  and  slowing  all  metabolic  processes.* 
Fits  of  anger  and  overexertion,  by  suddenly  causing  the  appear- 
ance in  the  blood  of  an  unusual  proportion  of  waste-products, 
likewise  cause  a  sudden  rise  of  blood-pressure*  which,  in  fact, 
may  cause  instant  death.  In  some  cases  the  general  vasomotor 
center  finally  becomes  oversensitive,  when  the  least  physical 
effort,  palpation,  etc.,  will  provoke  a  paroxysm. 

Gilbert  and  Garnier**  contend  that  all  cases  of  angina  pectoris  are 
of  toxic  origin  due  to  uraemia.  Zilgren""  observed  four  cases  following 
a  febrile  tonsillitis,  and  ascribes  the  disease  to  toxic  materials  derived 
from  the  tonsils.  Curtin  and  Watson,'"'  for  example,  observed  a  large 
number  of  cases  after  an  epidemic  of  the  last-named  disease.  Gelineau'"* 
observed  many  cases  among  sailors  previously  debilitated  by  scurvy. 
Excitement  such  as  that  of  quarreling  also  provokes  a  rise  of  the  blood- 
pressure,  as  shown  by  a  case  reported  by  Heineman.""  Russell,"*  more- 
over, emphasizes  the  fact  that  in  arteriosclerosis  the  vessels  "are  prone 

*  Author's  conclusion. 
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to  become  hypertonic  from  causes  which  are  commonly  regarded  as 
trifling,"  and  cites  Pal's  opinion  to  the  same  effect.  Russell,  moreover, 
states  that  "hypersensitiveness  of  the  vasomotor  center  will  explain  what 
has  long  been  recognized — that  paroxysms  of  angina  have  as  their  main 
determining  cause  physical  efi'ort,  mental  emotion,  or  digestive  disturb- 
ances"— a  very  judicious  conclusion,  but  applicable  only,  as  I  specify  in 
the  text,  to  certain  advanced  cases.  As  I  interpret  this  question,  the 
vasomotor  center  is  normal,  as  a  rule,  and  only  becomes  hypersensitive 
when  the  blood  contains  substances  which  unduly  stimulate  it  during  a 
prolonged  period. 

The  excruciating  retrosternal  pain  is  not  due  to  the  neural 
hyperasmia  of  the  myocardium,  but  to  forcible  expansion  of  the 
aorta  immediately  above  the  heart.*  This  portion  of  the  vas- 
cular system  is  not  only  subjected  to  the  stress  which  the  resist- 
ance of  the  abnormally  constricted  arteries  of  the  entire  body 
imposes  upon  it,  but  also  to  unusually  povs^erful  contractions  of 
the  cardiac  muscle,  whose  activity  is  greatly  enhanced  by  exces- 
sive volume  of  arterial  blood  circulating  through  it.* 

Osier""  says  in  this  connection:  "Baumes  ranked  the  disease  as 
a  retrosternal  neuralgia  ( sternalgia ) .  Laennee  gave  it  his  strong  sup- 
port and  held  that  either  the  pneumogastric  or  sympathetic  division  of 
the  cardiac  nerves  might  be  implicated,  and  with  either  of  them  the 
brachial  plexus."  Corrigan,  Romberg,  Bamberger  and  others  held  the 
same  opinion.  Allbutt,*^""  recalling  that  the  most  acute  pain  is  retro- 
sternal, above  the  heart  and  on  a  level  with  the  aorta,  and,  moreover, 
that  aortitis  gives  rise  to  pain  which  resembles  that  of  angina  pectoris, 
considers  the  aorta  as  the  Only  seat  of  pain.  That  his  conclusion  is 
warranted,  in  so  far  however  as  to  the  aorta  being  a  seat  of  pain,  is 
suggested  by  the  self-evident  explanation  of  it  that  my  conception  of 
the  morbid  process,  as  a  whole,  affords. 

Treatment. — Measures  which  Arrest  the  Paroxysms. — 
The  paroxysm  being  due  to  the  presence  of  an  excess  of  blood 
in  the  myocardium  and  violent  expansion  of  the  aorta,*  our  aim 
should  be  to  deplete  these  structures.  Amyl  nitrite,  by  causing 
dilation  of  all  arterioles  of  the  body,  and,  in  large  doses,  depres- 
sion of  the  vasomotor  center  besides,  and  therefore  retrocession 
of  the  blood  in  the  great  splanchnic  area,  fulfills  this  object.* 
The  volume  of  blood  being  reduced  in  the  cardiac  area,  the 
myocardiac  and  aortic  tension  cease,*  and  the  pain  likewise, 
almost  at  once  when  a  few  drops  of  this  drug  are  inhaled. 
Nitroglycerin  acts  in  the  same  way,  though  not  so  promptly, 
but  its  effects  are  much  more  lasting,  the  blood-vessels  remain- 
ing dilated  half-an-hour  or  hour,  or  longer  after  an  injection  of 
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Vloo  grain  (0.00065  gm.).  This  may  be  repeated  as  required 
to  sustain  the  etiect.  When  these  agents  cannot  be  readily  ob- 
tained, two  teaspoonfuls  of  sweet  spirits  of  nitre  in  a  wineglass- 
ful  of  water  will  afford  relief  while  they  are  being  procured. 

The  suffering  may  also  be  controlled  with  drugs  capable  of 
dulling  sensibility  of  the  heart-muscle,  by  causing  constriction 
of  its  arterioles — including  those  that  supply  nerve  elements — 
through  their  stimulating  influence  on  the  sympathetic  center.* 
Morphine,  V4  grain  (0.016  gm.)  administered  hypodermically. 
is  very  efficacious  in  this  connection,  when  the  lesions  of  the 
coronaries  and  its  branches  are  not  too  far  advanced,  or  the 
arterial  tension  in  the  cardiac  area  is  not  too  great.  The  best 
results  are  obtained  by  giving  it  immediately  after  the  amyl 
nitrite  inhalations.*  The  effects  of  both  drugs  are  thus  insured 
and  prolonged.* 

This  is  accounted  for  by  the  fact  that  the  drugs  aid  each  other: 
amy]  nitrite  depletes  the  cardiac  area,  while  morphine  contracts  the 
arterioles.*  Much  the  same  effect  is  produced  by  Waugh's  method.'" 
This  clinician  gives  a  granule  of  V250  grain  (0.00026  gm.)  of  glonoin 
every  minute  until  relief  ensues  and  the  face  flushes;  he  then  deepens 
and  prolongs  the  effect  by  giving  atropine — which  also  contracts  the 
arterioles* — V250  grain  (0.00026  gm. )  every  ten  minutes  till  the  mouth 
begins  to  become  dry.  It  has  often  been  noticed  that  morphine  even  in 
very  large  doses  fails  to  produce  any  effect;  the  cause  of  this  is  self- 
evident  when  centrifugal  distension  of  the  cardiac  and  aortic  vessels — 
in  accord  with  my  interpretation — is  considered  as  the  underlying  cause 
of  the  pain. 

Measures  which  Prevent  the  Paroxysms. — The  con- 
tinuous use  of  morphine,  belladonna,  the  coal-tar  products  and 
other  agents  which  stimulate  the  sympathetic  center  is  not  advis- 
able. This  center  rapidly  weakens  under  prolonged  stimulation 
and  the  patient's  general  condition  is  aggravated.*  Agents 
which  depress  the  vasomotor  center  are  preferable,  their  benumb- 
ing effect  on  the  latter  preventing  the  sudden  elevations  of  the 
blood-pressure  which  evoke  the  accesses.*  Sodium  bromide,  20 
grains  (1.3  gms.),  alternating  with  chloral  hydrate,  15  grains 
(1  gm.),  or  tincture  of  veratrum  viride,  15  minims  (1905  U.  S. 
P.)  (0.9  c.c.)  given  once  daily,  repeated  if  need  be,  efficiently 
protects  the  patient  against  attacks.*  Nitroglycerin  may  be 
given  in  Vi„f,  grain  (0.00065  gm.)  doses  three  times  daily. 
Sodium  nitrite.  3  to  5  grains  (0.13  to  0.3  gm.),  may  be  used  as 
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a  substitute  when  nitroglycerin  begins  to  lose  its  effect.  Ery- 
throl  tetranitrate  in  l-grain  (0.065  gm.)  doses  four  times  daily 
has  been  highly  recommended.  All  these  agents  are  vasomotor 
depressants. 

Nitroglycerin  is  a  useful  agent  in  this  connection.  William  Mur- 
rell"®  states  that  the  best  results  are  obtained  when  the  spirits  of  glo- 
noin  are  used.    His  preferred  formula  is: — 

U  Spiritus  Glonoini  (B.  P.), 

Spiritus  Chloroformi,  aa,  Vs  drachm  (2  gms.). 
Tinct.  Capsici,  1  drachm  (4  gms.). 
Aq.  menth.  pip.,  ad  1  ounce  (30  gm.). 
A  teaspoonful  every  four  hours,  an  extra  dose  being  taken  imme- 
diately on  the  onset  of  the  attack. 

He  advises  that  this  be  a  stock  bottle  from  which  should  be  replen- 
ished three  or  four  small  bottles  containing  a  drachm  each,  which  can 
be  carried  in  the  vest-pocket  for  immediate  use  when  needed.  Erythrol 
tetranitrate  has  been  recommended  by  J.  B.  Bradbury/*"  Adam,'" 
Boughton  Addy"^  and  others.  Huchard"^  deems  it  capable  of  maintain- 
ing continuously  the  vascular  tension  close  to  its  physiological  limits. 

The  attacks  may  be  reduced  and  even  prevented  by  dietetic 
measures,  the  most  important  of  which  is  to  limit  the  amount 
of  food  taken  and  to  abstain  from  the  use  of  meat,  the  catabolic 
products  of  which  are  especially  active  as  vasomotor  stimulants.* 
Late  suppers  are  particularly  harmful,  and  even  dangerous.  A 
milh  diet  of  two  weeks'  duration,  aided  by  one  of  the  nitrites,  is 
very  efficacious,  even  in  severe  cases.  The  limited  diet  is  suffi- 
cient in  some  instances  to  avert  paroxysms,  provided  worry,  vio- 
lent exertion,  and  other  exciting  causes  can  be  avoided. 

Huchard"^'  states  that  angina  with  endocarditis  is  relieved  by  an 
exclusive  milk  diet  and  theobromin  for  two  weeks,  then  one  week  each 
month  with  sodium  iodide.  During  the  rest  of  the  month  a  restricted 
diet  is  allowed.  Osier  regards  the  diet  in  many  cases  as  "the  central 
point  in  the  treatment."  Russell  emphasizes  the  close  relationship  be- 
tween an  injudicious  diet  and  a  high  vascular  tension  and  adduces  cases 
proving  this  contention. 

The  progress  of  the  disease  may  often  be  stayed  by  the  use 
of  potassium  or  sodium  iodide,  5  grains  (0.3  gm.),  gradually 
increased  to  10  grains  (0.6  gm.)  after  meals,  after  the  patient 
has  been  on  the  restricted  diet  two  or  three  weeks.  Thyroid 
extract,  3  grains  (0.2  gm.)  three  times  daily,  is  also  useful.* 

*  Author's  conclusion. 

108  ■vvilliam  Murrell:   Med.  Brief,  May,  1897. 

i»»J.  B.  Bradbury:    Brit.  Med.  Jour.,  Apr.  10,  1897. 

""Adam:   Ibid.,  Feb.  12,  1898. 

1"  Boughton  Addy:    Ibid.,  May  6,  1899. 

ii^Huchard:    Revue  de  therap.  med.-chir.,  vol.  Ixx,  p.   433,  1903. 
ii^Huchard:   Jour,  des  praticiens,  Feb.  23,  1901. 
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By  stimulating  the  adrenal  center,  catabolism  is  enhanced  and 
toxic  wastes  do  not  form.  The  nutrition  of  the  arteries  being 
gradually  improved,  the  primary  morbid  process,  arterial  degen- 
eration, is  antagonized.  An  important  feature  of  the  treatment 
is  to  avoid  constipation  and  intestinal  autointoxication.  An 
occasional  saline  purgative  suffices  for  this  purpose. 

Strychnine  and  digitalis  are  casually  mentioned  by  some 
authors.  Strychnine,  being  a  vasomotor  excitant,  predisposes  to 
attacks,  while  digitalis  by  enhancing  the  vigor  of  the  heart's  con- 
tractions may  aggravate  the  attacks — a  fact  sustained  by  clinical 
observation.  I  regard  these  drugs  as  harmful  as  long  as  par- 
oxysms are  likely  to  occur. 

CEREBRAL  HEMORRHAGE. 

Synonyms. — Apoplexy;  Cerebral  Apoplexy. 

Definition. — An  effusion  of  blood  in  the  brain  due,  in  the 
majority  of  (idiopathic)  cases,  to  rupture  of  an  atheromatous 
artery,  and  the  exciting  cause  of  which  is  an  unusually  high 
blood-pressure.  The  pathogenesis  is  that  of  arteriosclerosis,  in- 
cluding the  role  of  the  adrenal  system  in  this  disease.* 

Symptoms. — Prodromal  symptoms  occasionally  occur :  head- 
ache or  a  sensation  of  fullness  in  the  head,  vertigo,  tinnitus, 
excitability,  abnormal  sensations  on  one  side  of  the  body,  espe- 
cially the  extremities,  such  as  tingling,  numbness  and  choreic 
movements. 

The  apoplectic  stroke  itself  may  be  preceded  by  slight  ver- 
tigo, slight  aphasia  and  unilateral  weakness,  and  paralysis  of  a 
leg  or  arm;  but  often  without  any  such  symptoms  the  patient 
drops  suddenly,  and,  occasionally,  after  a  few  convulsive  move- 
ments, becomes  comatose.  The  face  is  dusky  and  even  cyanotic, 
though  sometimes  pale,  the  pulse  slow  and  relatively  strong,  full 
and  tense;  the  breathing  slow  and  stertorous,  and  often  of  the 
Cheyne-Stokes  type,  the  cheeks  being  blown  out  on  one  side  and 
the  lips  being  flabby,  owing  to  paralysis  of  the  muscles  of  these 
structures.  In  ingravescent  apoplexy  the  symptoms  come  on 
gradually,  in  keeping  with  the  slow  progress  of  the  effusion. 

In  some — usually  very  severe— cases  the  face  becomes  very 


*Author's  definition. 
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pale  or  livid,  the  pulse  and  heart  beat  feebly,  all  muscles  relax, 
and  the  patient  may  die  after  being  comatose  a  short  time,  or 
he  may  remain  unconscious  some  time,  recover  somewhat,  and 
die  in  the  midst  of  a  second  seizure ;  or  again,  he  may  improve 
and  follow  the  course  of  a  less  severe  case. 

The  peripheral  effects  of  the  cerebral  lesion  then  become 
manifest,  one  side  of  the  body,  including  the  facial  and  ocular 
muscles  (the  eyes  being  turned  toward  the  side  of  the  lesion), 
being  as  though  paralyzed.  The  cutaneous  reflexes  may  be 
elicited  by  vigorous  stimulation,  pinching,  pricking,  etc.,  but,  as 
a  rule,  all  the  reflexes  are  abolished  at  first  on  the  affected  side, 
and  often  on  the  normal  side  as  well.  The  pupils  are  often 
unequal  in  size,  contracted  at  times  and  dilated  at  others,  and 
respond  slowly  or  not  at  all  to  light.  The  feces  and  urine  are 
usually  passed  involuntarily.  There  is  often  polyuria,  the  urine 
often  containing  sugar  and  albumin. 

The  period  of  reaction  is  initiated  by  fever,  the  tempera- 
ture, one  or  two  degrees  F.  below  normal  after  the  onset  of 
attack,  now  rising  to  101°  F.  (38.3°  C),  or  even  to  103°  P. 
(39.4°  C).  After  a  period  varying  from  a  few  hours  to  sev- 
eral days,  the  patient  recovers  from  the  coma,  more  or  less  dazed, 
restless  or  even  delirious,  especially  if  the  fever  is  marked. 

The  paralyzed  muscles  may  now  become  temporarily  rigid 
and  even  spastic,  but  ultimately  the  loss  of  power  again  becomes 
manifest,  affecting  all  the  muscles  of  one  side,  though  differ- 
ences in  degree  of  paralysis  exist  between  the  arm  and  leg,  or 
between  the  face  and  extremities, — the  leg  escaping,  for  in- 
stance, while  both  the  face  and  arm  are  paralyzed,  etc.  The 
cheek  and  lips  of  the  corresponding  side  remain  relaxed,  as  they 
were  during  the  comatose  period;  the  tongue,  when  protruded, 
is  pointed  toward  the  paralyzed  side,  and  the  loss  of  function  of 
one-half  of  its  muscles  causes  speech  to  be  thick  and  almost 
unintelligible.  The  sphincter  muscles  may  preserve  their  activ- 
ity, however,  at  least  for  a  time,  and  the  reflexes,  abolished  at 
first  on  both  sides,  may  now  return,  and  also,  after  some  time, 
on  the  paralyzed  side,  where  they  ultimately  become  exaggerated, 
though  the  electric  reactions  show  no  change. 

The  period  of  resolution  begins  when  the  paralytic  phe- 
nomena show  improvement,  especially  in  the  muscles  of  the  leg. 
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As  it  is  the  extensors  which  recover  their  contractility,  the  limb 
remains  stiff,  and  when  the  patient  is  able  to  walk,  the  leg  is 
swung  around  in  a  semicircle  at  each  step,  the  toes  scraping  the 
ground.  This  gives  the  patient  the  characteristic  gait.  It  is 
regarded  as  an  unfavorable  omen  when  the  arm  is  the  first  to 
improve.  What  improvement  occurs  in  this  extremity  is  in  the 
flexors  and  pronators,  the  arm  being  thus  drawn  close  to  the  body 
with  the  wrist  flexed,  the  forearm  semi-pronated  and  the  flngers 
closed  over  the  flexed  thumb. 

An  important  feature  of  this  stage  is  that  passive  motion 
is  readily  performed.  The  paralyzed  muscles  are  structurally 
normal,  but  being  of  the  voluntary  type  they  are  not  used  and, 
failing  to  be  nourished,  become  rigid,  tend  to  contract  and  to 
remain  fixed  in  this  condition — the  "contractures"  so  commonly 
observed  in  this  disease.  When  this  has  occurred  passive  motion 
is  no  longer  possible.  Symptoms  due  to  impaired  nutrition  are 
often  discernible  in  other  structures,  the  skin  of  the  arms,  for 
example,  which  may  become  red  and  lustrous  and  cold.  The 
readiness  with  which  extensive  sloughing  occurs  on  the  para- 
lyzed side  in  bed-ridden  patients  also  points  to  impairment  of 
the  nutritional  functions.  Complete  paralysis,  even  of  the  arm, 
does  not  always  occur,  however;  after  a  few  months  in  some 
cases,  the  use  of  the  fingers,  hand,  forearm  and  arm  is  gradually 
and  progressively  regained. 

The  term  "resolution"  I  apply  to  this  period  seems  irrelevant  when 
the  frequency  with  which  paralysis  follows  a  stroke  of  cerebral  haemor- 
rhage is  taken  into  account.  Yet,  in  the  light  of  my  views,  as  will  be 
shown  under  "Treatment,"  such  an  imtoward  result  is  probably  avoid- 
able, and  such  being  the  case,  "resolution"  becomes  applicable. 

The  symptomatology  of  the  stroke  itself  varies  considerably 
as  to  intensity  in  different  cases,  and  the  ultimate  result  corre- 
sponds, in  a  measure,  with  the  severity  of  the  primary  phe- 
nomena. Among  the  favorable  signs  are :  a  brief  duration  of 
the  coma;  motion,  even  though  slight,  of  the  paralyzed  limb 
during  the  first  twenty-four  hours ;  a  moderate  rise  of  tempera- 
ture when  reaction  occurs  (102°  F.,  38.9°  C),  and  restricted 
paralysis,  brachi-crural,  facio-brachial,  etc.  The  unfavorable 
signs  are :  prolongation  of  the  coma  beyond  twenty-four  hours ; 
marked  hypothermia;  initial  convulsions;  profuse  sweating; 
cyanosis;  conjugate  deviation  of  the  eyes;  a  steady  rise  of  the 
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temperature  to  104°  or  105°  F.  (40°  or  40.5°  C.)  when  reac- 
tion occurs,  with  marked  intensification  of  the  knee-jerk  and 
bilateral  paralysis. 

William  Browning"*  states  that  in  children  the  chances  of  partial 
recovery  are  good;  that  in  adults  the  recovery  depends  upon  the  sev- 
erity of  the  apoplectic  attack ;  and  that  in  old  age,  when  the  arteries  are 
tortuous  or  calcified,  but  limited  recovery  is  to  be  expected.  Barrs"-" 
concludes  that  if  either  renal  disease,  Cheyne-Stokes  respiration  or 
hyperpyrexia  be  present,  the  patient  will  probably  not  recover. 

Pathogenesis  and  Pathology. — Whether  we  ascribe  the  rup- 
ture of  the  artery  to  miliary  aneurisms,  to  endarteritis,  to  the 
so-called  "fatty  erosion"  or  to  "diffuse  degeneration,"  we  are 
always  brought  back  in  cerebral  haemorrhages  that  are  not  due 
to  traumatism  or  to  an  acute  infection,  leukaemia,  etc.,  to  a  com- 
mon cause :  arteriosclerosis,  the  lesions  being  similar  to  those 
of  that  disease  (q.v.)*  The  multiple  causes  of  arteriosclerosis: 
overeating  (gout),  alcohol,  syphilis,  senility,  excessive  exertion, 
excitement,  starvation,  lead,  etc.,  are  likewise  those  of  arterio- 
sclerosis. This  applies  as  well  to  the  renal  lesions  of  this  dis- 
ease. On  the  whole,  the  relations  of  cerebral  haemorrhage  to 
the  adrenal  system  are  those  of  the  latter  to  arteriosclerosis.* 

The  reader  is  referred  to  the  article  on  Arteriosclerosis  for  the 
details  of  the  process.  Whittaker""  writes  in  this  connection:  "In  all 
cases  the  process  depends  upon  arteriosclerosis,  which  runs  a  slow  and 
insidious  course  for  months  and  years,  and  usually  eludes  all  discovery. 
The  catastrophe  is  sudden,  but  the  disease  process  which  leads  up  to  it 
is  very  slow."  Allen  Starr,"'  in  a  study  of  200  cases  of  apoplexy,  found 
that  80  per  cent,  presented  prodromal  symptoms  which  he  regarded  as 
probably  due  to  arteriosclerosis.  Broadbent,"'  in  a  study  of  the  vas- 
cular changes  in  16  cases,  found  senile  degeneration  of  the  vessels  in 
2,  while  7  were  associated  with  granular  kidney,  and  7  with  a  type  of 
kidney  in  which  the  main  changes  were  thickening  and  hyaline  degen- 
eration of  the  vascular  intima.  The  cerebral  vessels  were  dilated, 
thinned  and  hyaline  or  studded  with  white  patches,  which,  on  micro- 
scopic examination,  were  found  to  consist  of  localized  thickening  and 
degeneration  of  the  subendothelial  tissues,  over  which  the  muscular 
coat,  thin  and  atrophied  in  some  instances,  could  not,  as  a  rule,  be 
traced.  These  are,  we  have  seen,  precisely  the  lesions  found  in  the 
arteries  of  the  body  at  large  in  arteriosclerosis.  Stein"^  observed  the 
typical  loss  of  elasticity.  j«nd  states  that  miliary  aneurisms  are  far  less 
frequent  than  is  generally  believed,  the  lesion  being  atheromatous. 


*  Author's  cnnrliifiion. 

1"  William  Browning:  Sajous's  "Analyt.  Cyclo.  of  Pract.  Med."  vol.  li, 
p.  127,  1898. 

ii^Barrs:    Brit.  Med.  Jour.,  May  18,  1895. 

Whittaker:    Indiana  Med.  Jour.,  May,  1896. 
1"  Allen  Starr:    Med.  Record,  July  4,  1903. 

Broadbent:    Lancet,  Feb.  20,  1904. 
ii»  stein:    Deut.  Zeit.  f.  Nerv.,  Bd.  vii,  S.  313,  1895. 
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Unfortunately  the  phenomena  which  make  it  possible  to 
recognize  the  presence  of  arteriosclerosis,  hardening  of  the  radial 
and  temporal  arteries,  the  arcus  senilis,  etc.,  are  not  always  pre- 
sent. The  arterial  lesion  being  present,  coughing,  sneezing, 
straining,  etc.,  may  suddenly  increase  the  general  vascular  ten- 
sion and  cause  rupture  of  the  vessel,  a  mass  of  blood  varying  in 
size  from  that  of  a  small  cherry  to  that  of  an  orange  or  more 
being  suddenly  projected  under  a  pressure  varying  from  100  to 
200  mm.  Hg.  upon  the  brain.  As  it  coagulates  at  once,  it  forms 
a  relatively  dense  body  which  may  forcibly  compress  or  disin- 
tegrate more  or  less  the  brain-substance,  and  as  this  substance  is 
not  renewed  in  the  latter  case,  permanent  lesions  remain.  The 
"stroke"  is  the  result  of  shock,  which  reacts  upon  the  entire 
cerebrospinal  system,  while  the  loss  of  consciousness  is  due  to 
the  suddenly-induced  cerebral  anaemia.  * 

The  haemorrhage  is  derived  either  from  a  meningeal  or  cen- 
tral artery,  but  rupture  of  a  meningeal  branch  is  often  due  to 
traumatism.  In  most  cases  it  occurs  within  the  field  of  the  cen- 
tral branches  of  the  circle  of  Willis  rather  than  in  the  cortical 
branches  of  this  circle.  The  branches  of  the  middle  cerebral 
artery,  which  penetrates  the  brain  by  way  of  the  anterior  per- 
forated space,  are  especially  prone  to  rupture ;  this  applies  par- 
ticularly to  a  branch  that  passes  to  the  internal  capsule  and  the 
lenticular  nucleus  and  which  has  been  named  by  Charcot  the 
artery  of  "cerebral  haemorrhage." 

Though  any  portion  of  the  brain  may  become  the  seat  of 
the  haemorrhage,  certain  regions  suffer  more  frequently  than 
others.  The  principal  among  these  are,  in  the  order  of  dimin- 
ishing frequency:  the  internal  capsule,  the  corpora  striata,  the 
thalami  optici,  the  corona  radiata,  the  convolutions  and  the  pons 
Varolii. 

The  pressure  in  the  central  vessels  is  very  gresLt,  owing  to  their 
proximity  to  the  great  channels,  the  carotids.  Hence  the  predisposing 
influence  of  a  short  neck,  especially  in  massive,  full-blooded  individuals. 
Stein'-"  showed  that  the  pressure  of  the  blood  projected  into  the  cerebral 
tissues  was  100  to  200  mm.  Hg.  The  destructive  action  becomes  obvious 
in  view  of  the  fact  that  the  same  tissues  under  normal  conditions  are 
subjected  to  a  pressure  of  only  10  mm.  Hg.  Boudef^'  reported  a  case 
in  which  three-fourths  of  the  right  hemisphere  was  destroyed.  Nor- 
bury'"  emphasized  the  importance  of  the  great  pressure  in  the  basilar 

Stein :   Loc.  cit. 

Boudet:   Cited  by  Whittaker:   Loc.  cit. 
i=2Norbury:   Medicine,  July,  1897. 
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ai-teries  as  well  as  in  the  median  cerebral  arteries  and  the  thinness  of 
the  walls  of  the  cerebral  vessels  which  predispose  them,  when  they  are 
the  seat  of  atheromatous  or  miliary  aneurisms,  to  haemorrhage.  Zapin- 
sky^^  in  15  autopsies  found  degenerative  lesions  in  the  vessels  of  the 
base  in  every  instance,  the  atheromatous  plates  being  sufficiently  marked 
to  be  seen  with  the  naked  eye. 

Treatment. — Measures  to  Prevent  the  Development  of 
AN  Attack. — In  some  cases  some  of  the  prodromal  symptoms, 
slight  thickness  of  speech,  torpor,  or  numbness  of  an  extremity, 
headache,  vertigo,  fullness  in  the  head,  etc.,  occur  several  days 
before  an  attack.  When  there  is  any  evidence  or  likelihood  of 
arteriosclerosis,  measures  should  at  once  be  instituted  to  pre- 
vent the  stroke.  If  the  arterial  tension  is  high,  the  pulse  tense 
and  hard,  an  attack  may  occur  at  any  moment;  agents  which 
cause  immediate  relaxation  of  the  vessels  by  obtunding  directly 
the  vasomotor  centers*  are  necessary.  Among  these  are  nitro- 
glycerin, which  acts  on  the  pulse  in  two  minutes,  and  the  effects 
of  which  have  entirely  passed  off  in  three  hours ;  sodium  nitrite, 
the  action  of  which  shows  itself  in  about  five  minutes  and  lasts 
the  same  length  of  time ;  erythrol  tetranitrate,  in  the  solid  form, 
acts  in  from  twenty  to  thirty  minutes,  and  its  effects  continue 
from  seven  to  eight  hours.  To  thwart  the  attack,  therefore, 
either  of  the  two  first  agents  should  be  given  every  two  hours 
and  the  third  every  six  hours.  An  immediate  result  may  be 
obtained  with  amyl  mtrite,  5  drops,  inhaled  from  a  handker- 
chief; or  a  slight  degree  of  help  may  be  derived  from  sweet 
spirits  of  niter,  two  teaspoonfuls  in  a  little  water,  pending  the 
arrival  of  a  stronger  vasodilator. 

The  period  of  onset  and  the  duration  of  the  effects  of  nitroglycerin 
are  those  given  by  C.  R.  Marshall,'"  those  of  sodium  nitrite  by  Leech,"^ 
and  those  of  erythrol  trinitrate  by  Bradbury,""  both  cited  by  Marshall. 

Important  in  this  connection  is  the  avoidance  of  any  effort 
or  excitement  and  of  agents  which  tend  to  stimulate  the  patient 
and  cause  a  rise  of  the  blood-pressure :  stimulants,  emetics,  digi- 
talis and  strychnine  are  particularly  harmful  in  this  connection. 
Strophanthus  and  potassium  iodide,  casually  mentioned  by  some 
authors  among  the  useful  drugs,  are  also  contraindicated  in 
threatened  apoplexy.    Saline  injections  may  also  prove  harmful 

*  Author's  conclusion. 

i23Zapmsky:    Wratch,  No.  4,  p.  95,  1896. 

C.  R.  Marshall:    Brit.  Med.  Jour.,  Dec.  11,  1897. 

Leech:    Ibid.,  July  1,  1893. 
""Bradbury:    Ibid.,  Nov.  16,  1895. 
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by  increasing  the  body  fluids  and  the  blood-pressure.  The 
bowels  should  be  kept  free,  to  avoid  autointoxication. 

As  attacks  sometimes  come  on  at  night  owing  to  the  recum- 
bent position,  vasomotor  depressants  should  be  taken  on  retir- 
ing. To  those  mentioned  may  be  added  sodium  or  potassium 
bromide.  Moral  hydrate  and  veratrum  viride.  These  three 
agents  may  be  advantageously  combined. 

The  patient's  diet  should  be  light,  and  coffee,  tea,  and  other 

stimulating  beverages  should  be  dispensed  with. 

Preston'"  rightly  holds  that  more  could  be  done  in  the  prodromal 
stage  if  this  condition  were  carefully  studied. 

Measures  to  Prevent  Extension  op  the  Cerebral 
Lesions  During  the  Attack. — After  the  first  outpour  of  blood, 
the  hemorrhage  almost  always  continues  some  time,  and  if  steps 
be  taken  to  decrease  the  cerebral  blood-supply,  the  extension  of 
the  lesions  may  be,  to  a  certain  extent,  curtailed,  provided  the 
patient  be  seen  sufficiently  early. 

The  patient  is  usually  found  lying  on  his  back;  his  trunk 
and  head  should  be  gently  raised  until  he  is  in  a  semirecumbent 
posture;  the  back  and  head  being  supported  by  the  back  of  an 
overturned  chair,  made  comfortable  with  pillows  if  these  are 
available.  If  the  face  is  dusky  or  cyanotic  and  the  pulse  is  hard, 
incompressible,  inhalations  of  amyl  nitrite,  6  to  8  drops  or  more, 
should  be  resorted  to,  the  handkerchief  upon  which  the  drug  is 
poured  being  held  in  front  of  the  patient's  mouth  and  nose. 
This  causes  immediate  relaxation  of  all  arteries  and  the  patient 
is  bled,  as  it  were,  into  the  large  trunks  of  the  splanchnic  area. 
In  the  meantime,  the  necessary  preparations  for  venesection  hav- 
ing been  made,  the  patient  should  be  bled.  The  brain  is  thus 
relieved  instantly  by  the  drug,  and  kept  in  that  condition  by  the 
bleeding;  the  destructive  process  is  thus  necessarily  counter- 
acted. To  prevent  recurrence  of  the  high  vascular  tension  vera- 
trum viride,  10  drops  or  more,  if  need  be,  of  the  tincture  (1905 
U.  S.  P.),  should  be  given  every  two  hours. 

Browning'^  writes  in  this  connection:  "Some  cases  are  promptly 
fatal,  meningeal  and  ventricular  forms  being  usually  of  this  kind. 
Nearly  always,  however,  the  effusion  progresses  for  some  time.  It  is 
here  that  the  physician  can  be  of  great  service."  Rome  clinicians  hav- 
ing advocated  the  recumbent  position,  Heidenhain""  refers  to  several 

1"  Preston:    Maryland  Med.  Jour.,  July  29,  1903. 

Browning:    Lnr.  cit. 
i2»  Heidenhain:   Berl.  klin.  Woch.,  Bd.  xxvii,  S.  126,  1890. 
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instances  in  which  the  placing  of  this  position  had  been  followed  imme- 
diately by  aggravation.  Osier,  Tyson,  Bramwel^^"  and  others  all  rec- 
ommend venesection,  the  latter  stating  that  it  is  contraindicated  when 
the  pulse  is  feeble,  rapid  or  irregular,  the  heart  dilated  and  weak,  and 
the  patient  very  old  and  debilitated.  As  illustrated  by  a  case  reported 
by  Benham,"'  it  tends  furthermore  to  arrest  convulsions,  which,  owing 
to  the  intense  vascular  tension  accompanying  them,  must  increase 
greatly  the  cerebral  effusion.  The  value  of  the  measures  outlined  above 
are  further  suggested  by  the  fact  emphasized  by  Grasset"^  that  "what- 
ever may  be  the  pathogenic  theory  regarding  apoplexy,  it  is  essentially 
characterized  by  a  congestive  condition  of  the  head  and  by  circulatory 
erethism." 

A  purgative  aids  the  remedial  process  by  further  depleting 
the  vascular  system.  By  causing,  moreover,  congestion  of  the 
intestinal  vessels,  it  acts  as  a  derivative  besides  insuring  the 
elimination  of  substances  capable  of  causing  autointoxication. 
Two  drops  of  croton  oil  mixed  with  a  little  glycerin  or  olive  oil, 
dropped  on  the  back  of  the  tongue,  or  grain  (0.016  gm.)  of 
elaterium  dissolved  in  a  little  water  in  the  same  manner  are 
usually  employed  with  advantage.  An  enema  of  lukewarm  water 
is  also  useful.  A  hot  foot-bath  also  serves  a  good  purpose  as  a 
derivative. 

By  this  time  the  patient  has  received  all  the  truly  useful  atten- 
tion he  requires.  Counterirritation  to  the  neck  serves  only  to  irritate 
him  by  increasing  his  discomfort.  The  ice-bag  placed  on  his  head  to 
meet  the  popular  notion  on  the  subject  only  serves  to  contract  the  peri- 
pheral vessels  and  increase  in  proportion  the  internal  pressure — while 
affording  a  second  source  of  discomfort. 

As  in  the  premonitory  stage,  all  stimulants  and  tonics, 
including  particularly  strychnine,  digitalis  and  the  iodides, 
should  be  avoided,  as  they  all  tend  to  raise  the  blood-pressure. 

It  is  often  necessary  to  relieve  the  bladder  by  means  of  the 
catheter. 

Measures  to  Aid  the  Process  of  Eesolution". — When  the 
reaction  sets  in,  the  fever  is  a  protective  phenomenon — an  effort 
of  the  organism  to  rid  the  brain  of  the  haemorrhagic  coagulum 
and  of  what  detritus  has  accumulated  around  it.  Trephining 
has  been  used  with  success  to  remove  a  meningeal  clot,  but  a 
clot  in  the  deeper  tissues  is  usually  beyond  reach.  Potassium 
iodide  is  usually  given  at  this  stage  in  the  hope  of  hastening  the 
absorption  of  the  clot,  but,  like  digitalis,  it  increases  the  vascular 
tension  in  the  usual  therapeutic  doses,  and,  therefore,  exposes 


""Bramwell:   Treatment,  July,  1897. 

Benham:  Brit.  Med.  Jour.,  Mar.  21,  1896. 
132  Grasset:    Med.  moderne,  vol.  ix,  p.  1,  1898. 
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the  patient  to  another  stroke.  It  is  preferable  to  allow  the  phy- 
siological resources  of  the  body  to  act  without  interference  on 
our  part.* 

Whittaker"^'  writes  in  this  connection:  "Certain  lymph  cells,  pha- 
gocytes, begin  at  once  to  remove  the  obstruction,  and  cells  which  incor- 
porate blood-corpuscles  are  seen  as  early  as  the  third  day.  Diirck 
found  on  the  eighteenth  day  free  pigment,  and  nothing  but  pigment  on 
the  sixteenth  day." 

When  the  period  of  resolution  has  set  in,  however,  much 
may  be  done  to  prevent  the  development  of  paralysis. 

We  have  seen  that  the  cerebral  lesions  are  located  in  the 
brain  proper,  the  source,  therefore,  of  voluntary  impulses,  the 
spinal  system  per  se,  governed  by  the  pituitary  bodly  and  the 
source  of  involuntary,  i.e.,  automatic  impulses,  remaining  whole.* 
The  loss  of  voluntary  stimuli  does  not  mean,  however,  that  the 
spinal  system  has  lost  its  control  over  the  muscles  of  the  para- 
lyzed side,  or  that  the  vasomotor  supply  through  which  the 
muscles  are  nourished  is  the  least  impaired.*  It  only  means 
that  the  strictodilator  nerves  which  incite  function  in  certain 
muscles  no  longer  receive  one  of  the  two  kinds  of  stimuli  which 
they  are  in  the  habit  of  receiving  through  the  intermediary  of 
the  cord,  i.e.,  the  voluntary  from  the  impaired  area  of  the  organ 
of  mind,  in  contradistinction  to  the  automatic  from  the  somatic 
brain,  the  pituitary  body.*  Even  this  may  be  reduced  to  a  mere 
question  of  quantity  as  far  as  the  vasa  vasorum  (which,  when 
constricted,  cause  the  arterioles  they  nourish  to  dilate  and  admit 
more  blood  into  the  muscular  elements)  are  concerned,  since  all 
impulses  to  them,  whether  originally  derived  from  the  brain  or 
from  the  spinal  cord,  serve  but  one  purpose,  namely,  to  provoke 
their  constriction.* 

Such  being  the  case,  paralysis  finally  occurs,  merely  because 
the  muscles  are  allowed  to  degenerate  through  deficient  use.* 
It  would  be  prevented  to  a  great  extent,  and  perhaps  altogether 
in  some  cases,  were  measures  to  do  so  initiated  as  soon  as  the 
patient  has  recovered  from  the  immediate  effects  of  the  paralytic 
stroke. 

The  reader  is  referred  to  the  sixteenth  chapter  for  evidence  to 
the  effect  that  all  somatic  functions,  including  intricate  muscular  move- 
ments, can  be  performed  independently  of  the  brain.  Not  only  do  exten- 
sive injuries  of  the  hemispheres — the  crow-bar  case,  for  instance — fail 

•  Author's  conclusion. 
i»  Whittaker:  Loc.  cit. 
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to  impair  muscular  activity,  but  even  their  entire  removal  as  in  so 
high  a  mammal  as  the  dog,  will  fail  to  do  so.  This  has  been  shown 
by  Goltz's  animal,  which  lived  eighteen  months  after  both  lobes  and  a 
part  of  the  optic  thalami  had  been  removed.  That  timely  measures  are 
useful  is  shown  by  the  following  lines  of  Browning's:"*  "Recently  a 
German  writer  has  done  good  service  by  calling  attention  to  the  impor- 
tance, in  these  cases,  of  doing  everything  to  bring  activity  again  into 
the  patient's  nerve  tracts.  He  shows  that  by  rousing  these  persons, 
lifting  them — when  not  too  feeble — into  a  sitting  position,  getting  them 
once  more  interested  in  life;  further  by  exercising  actively  and  semi- 
passively  the  paretic  muscles,  we  can  save  the  patient  from  further 
degeneration  that  so  often  ensues  and  may  effect  great  gain.  To  the 
value  of  this  principle  I  can  heartily  subscribe.  Ere  beginning  this  plan, 
however,  we  must  wait  until  the  danger  of  immediate  relapse  is  past — 
say,  usually  until  the  end  of  the  first  week  or  ten  days."  The  practical 
side  of  the  question  thus  sustains  the  explanation  I  submit. 

An  important  practical  point  in  this  connection  is  that  the 
vitality  of  muscles  can  be  preserved  refiexly,  and  enhanced  when 
defective,  by  massage.  The  latter  should  be  begun  as  soon  as 
possible,  therefore,  avoiding  much  pressure.  The  muscles  of 
the  trunk,  especially  the  trapezius,  should  not  be  overlooked  in 
this  connection.  Passive  movements  should  follow  the  massage, 
taking  care  to  give  each  member  exercise  in  the  line  of  its  usual 
functions.  Thus,  the  fingers  should  be  gently  flexed  and  un- 
flexed  upon  the  hand,  and  separated  and  approximated ;  the  arm 
likewise  at  each  joint,  and  rotated,  etc.  After  the  massage  and 
passive  motion,  the  patient  should  attempt  to  repeat  the  same 
motions  voluntarily.  He  will  be  aided  in  this  not  only  by  the 
temporary  increase  of  nutrition  which  the  previous  procedures 
will  have  brought  about,  but  also  by  the  fact  that  the  somatic 
brain  is  able  to  supply,  when  movements  are  alone  in  order, 
impulses  which  strikingly  recall  those  projected  by  the  organ  of 
mind.* 

Interpreted  from  my  standpoint,  manipulations  such  as  those  prac- 
ticed by  osteopaths  and  masseurs  promote  nutrition  of  the  structures 
thus  treated  by  enhancing  reilexly  the  propulsive  activity  of  the  arte- 
rioles through  the  sympathetic,  and  aid  materially  thereby  the  restora- 
tion of  function. 

When  the  patient  is  able  to  go  about,  he  should  be  treated 
as  a  case  of  arteriosclerosis — a  condition  quite  amenable  to  treat- 
ment ill  a  large  proportion  of  cases. 

Many  highly  accomplished  men,  including  Samuel  Johnson,  have 
lived  many  years  of  usefulness  after  an  attack  of  apoplexy.  As  to 
disability,  Whittaker  refers  to  the  fact  that  Schmidt  "described  39 
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cases  of  cerebral  lesion  in  which  no  sign  of  brain  affection  could  be 
demonstrated  during  life,"  these  cases  constituting  one-third  of  all  of 
local  lesions  which  came  to  autopsy  during  eight  years  in  Eichhorst's 
clinic. 

DIABETES  MELLITUS. 
Synonym. — Glycosuria. 

Definition. — There  are  two  forms  of  glycosuria:  (1)  Dia- 
betes Mellitus,  due  to  hyperactivity  of  the  adrenal  system,  and 
(2)  Asthenic  Glycosuria,  due  to  hypoactivity  of  the  adrenal  sys- 
tem.* 

Diabetes  mellitus,  an  excessive  excretion  of  sugar  and  urine, 
is  due  to  hypersensitiveness  of  the  test-organ,  and  to  the  pres- 
ence in  the  blood  of  waste-products  or  other  irritating  substances 
which  keep  this  organ,  and  through  it  the  adrenals,  overactive. 
An  excess  of  adrenoxidase  is  thus  produced,  and  the  intrinsic 
metabolism  of  all  tissues  is  correspondingly  activated.  The 
pancreas  being  thus  caused  to  secrete,  besides  its  other  ferments, 
an  excess  of  amylopsin,  the  hepatic  and  muscular  glycogens  are 
converted  into  sugar  with  unusual  rapidity,  and  the  surplus  of 
sugar  formed  is  eliminated  by  the  kidneys.* 

Symptoms. — The  onset  of  diabetes  mellitus  is  insidious,  and 
any  one  of  its  symptoms  may  appear  first.  As  a  rule,  however, 
the  earliest  phenomena  observed  are  unusual  thirst  and  dryness 
of  the  mouth  and  pharynx,  and  viscidity  of  the  saliva.  Polyuria 
may  either  appear  concurrently  or  be  the  first  symptom  observed, 
the  excretion  of  urine  being  increased  to  a  daily  quantity  vary- 
ing from  6  to  30  pints  or  more,  the  urine  itself  being  pale  and 
acid,  and  having  a  specific  gravity  varying  from  1020  to  1040, 
or  even  higher.  It  contains  from  V2  to  5  per  cent,  or  more  of 
sugar  (glucose),  the  daily  excretion  of  which  may  vary  from 
one  ounce  to  as  much  as  two  pounds.  Stains  on  the  linen  or 
on  the  shoes  or  clothing,  where  drops  of  urine  happen  to  fall, 
prove  on  analysis  to  be  sugar. 

The  patient  may  sweat  profusely  under  the  influence  of 
slight  exertion  or  during  moderately  warm  weather,  or  his  skin 
may  be  dry  or  more  or  less  harsh  owing  to  deficient  perspiration. 
Pruritus  may  cause  considerable  suffering,  especially  in  women, 
owing  to  involvement  of  the  meatus  urinarius  and  the  labia. 
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The  gums  may  become  spongy  and  the  teeth  show  an  unusual 
proclivity  to  caries;  recession  of  the  gums  is  also  apt  to  occur 
in  these  cases  and  render  the  teeth  liable  to  fall  out.  The 
tongue  is  often  red,  dry  and  glazed;  the  breath  may  have  a 
peculiar  odor  recalling  that  of  apples.  Excessive  appetite  is  a 
common  symptom,  though  the  patient  gain  no  weight  or  even 
lose  flesh  and  grow  weaker. 

These  symptoms  may  appear  in  rapid  succession  and  the 
case  remain  a  benign  one — at  least  for  a  time — or  they  may 
develop  very  slowly,  constituting  a  chronic  case. 

As  the  disease  progresses,  complications  may  occur.  Neu- 
ritis, especially  of  the  brachial  and  crural  nerves,  is  frequently 
observed.  Gangrene  may  be  readily  produced  by  what  under 
normal  conditions  would  prove  to  be  trifling  injury  or  disorder, 
an  abrasion,  a  boil,  etc. ;  it  is  apt  to  begin  in  an  extremity,  espe- 
cially the  toes,  and  to  extend  upward.  Gastrointestinal  disor- 
ders are  frequently  observed,  consisting  of  indigestion  with 
pyrosis  and  gastralgia,  constipation  and  flatulence,  or  diarrhoea. 
The  odor  of  the  breath  changes  to  an  unpleasant  one,  suggesting 
that  of  vinegar  or  stale  beer.  The  patient  at  this  stage  is  espe- 
cially prone  to  intercurrent  diseases,  especially  those  of  the  re- 
spiratory tract,  tuberculosis,  pneumonia,  bronchitis,  etc.  Car- 
buncles are  frequently  observed  in  the  course  of  the  disease 
and  promptly  assume  an  alarming  aspect. 

In  advanced  cases  the  temperature,  though  not  materially 
affected  early  in  the  disease,  may  become  subnormal.  The  ten- 
don reflexes  are,  as  a  rule,  diminished.  Symptoms  recalling 
those  of  tabes,  the  so-called  "diabetic  tabes,"  may  occur,  with 
"steppage"  gait  and  paralysis  of  the  extensors.  Atrophy  of  the 
optic  nerve,  cataract  and  other  disorders  of  vision  may  appear, 
both  eyes  being  affected  simultaneously.  The  other  organs  of 
special  sense  may  likewise  become  impaired.  Impotence,  steril- 
ity and  abortion  are  common  complications,  as  is  also  interstitial 
nephritis. 

Diabetic  coma  occurs  in  advanced  cases,  usually  as  a  fatal 
complication.  It  is  often  preceded  by  general  malaise,  irritabil- 
ity, vertigo,  anxiety,  constipation  with  abdominal  and  muscular 
cramps.  Conversely,  it  may  occur  suddenly  with  special  pre- 
monitory symptoms,  the  patient  lapsing  into  unconsciousness, 
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with  the  eyes  half  closed,  the  respiration  sighing,  the  pulse  rapid 
and  weak.  The  temperature,  at  first  somewhat  above  normal, 
gradually  declines,  cyanosis  appears,  the  precursor  of  death, 
which  ensues  usually  between  twenty-four  and  forty-eight  hours 
after  the  onset  of  the  coma.  Death  from  coma  occurs,  however, 
in  less  than  half  of  the  cases  of  diabetes. 

Diabetes  mellitus,  as  here  understood,  begins  in  sthenic  and 
more  or  less  vigorous  subjects.* 

Pathogenesis  and  Pathology. — Diabetes  mellitus  is  due  to 
excessive  irritability  of  the  test-organ  and  to  the  presence  in  the 
blood  of  waste-products,  stimulating  drugs,  poisons,  toxins,  etc., 
which  cause  this  organ  to  react  inordinately  owing  to  its  over- 
sensitive condition.  By  thus  provoking  an  excessive  production 
of  adrenal  secretion,  these  agents  excite  hyperoxygenation  of  all 
organs,  including  the  pancreas.*  As  this  organ  (its  islands  of 
Langerhans)  supplies  a  ferment,  amylopsin,  which  on  reaching 
the  muscles  through  the  intermediary  of  the  leucocytes,*  and  the 
liver  by  way  of  the  splenic  vein,*  converts  the  glycogen  of  all 
these  organs  into  sugar,  a  larger  quantity  of  the  latter  is  pro- 
duced than  usual,  and  the  excess  is  promptly  excreted  by  the 
kidneys.*  Hence  the  presence  of  a  more  or  less  great  quantity 
of  sugar  in  the  urine,  the  excess  voided  over  and  above  the  nor- 
mal ratio  being  proportionate  with  the  degree  of  hyperactivity 
of  the  adrenal  system.* 

In  the  first  volume  of  this  work  (Jan.,  1903)"^  I  concluded,  after 
submitting  evidence  to  that  effect,  that  toxic  glycosuria  was  "primarily 
due  to  overstimulation  of  the  adrenal  system,  the  excessive  functional 
activity  which  increased  oxidation  produces  giving  rise  to  an  inordinate 
production  of  an  agency  that  converts  glycogen  into  sugar."  In  the 
present  volume"®  I  pointed  out  that  diseases  of  the  anterior  lobe  of  the 
pituitary  body  (the  seat  of  the  adrenal  center)  attended  by  hypersemia 
or  hypernutrition  provoked  glycosuria,  and  that  the  adrenal  center  was 
the  so-called  "glycogenic  center."  This  term  applies,  interpreted  from 
my  standpoint,  only  in  connection  with  the  abnormal  production  of 
sugar,  for  I  regard  the  vagus  center  as  the  true  "glycogenic  center"  in 
the  sense  that  it  adjusts  the  conversion  of  glycogen  to  the  physiological 
needs  of  the  body  at  large,  by  regulating  simultaneously  the  functions 
of  the  pancreas  and  the  liver.  The  production  of  glycosuria  by  stimula- 
tion of  the  adrenal  center  accounts  ( 1 )  for  the  fact  that  Blum,  Herter, 
Croftan  and  others  produced  this  symptom  by  injecting  adrenal  extract; 
(2)  for  the  cessation  of  toxic  glycosuria  when,  as  observed  by  Claude 
Bernard,  Kauffmann  and  others,  the  splanchnies — which  contain  the 
nerves  from  the  adrenal  center  to  the  adrenals — were  severed;  (3)  for 
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the  recent  observation  of  Andre  Mayer"'  that  after  extirpation  of  the 
adrenals  Claude  Bernard's  puncture  no  longer  provoked  glycosuria;  and 
(4)  for  the  rapid  diminution  of  sugar  both  in  normal  glycsemia  and 
glycosuria,  when,  as  observed  by  Kauii'mann,  the  inferior  vena  cava — to 
which  the  adrenal  secretion  is  carried  by  the  adrenal  veins — was  ligated. 
As  all  these  observations  had  remained  unexplained  before  I  had  shown 
the  functional  relationship  between  the  pituitary  body  and  the  adrenals, 
they  now  stand  as  evidence  of  the  correctness  of  my  interpretation. 

As  the  adrenal  system  includes  the  thyroid  gland,  thyroid  extract 
should  also  cause  glycosuria.  This  fact  was  not  only  observed  by  Ewald 
in  1894  and  by  many  observers  since,  as  we  have  seen  in  the  seventeenth 
chapter  and  as  shown  below,  but  Lorand  found  that  it  was  even  more 
active  than  adrenal  extract  in  this  particular. 

The  "internal  secretion"  referred  to  in  the  text  only  means,  accord- 
ing to  the  current  view,  the  substance  secreted  by  the  islands  of  Lan- 
gerhans  as  distinguished  from  the  pancreatic  juice  secreted  externally, 
i.e.,  in  the  intestinal  canal.  The  manner  in  which  this  substance  reaches 
the  liver,  however,  has  not  been  shown.  In  the  first  volume^'*  I  sug- 
gested that  the  sugar-forming  ferment  passed  out  of  the  pancreas  with 
its  venous  blood  into  the  splenic  vein;  that  it  met  in  the  latter  the 
internal  secretion  (nucleo-proteid  derived  from  broken-down  leucocytes) 
of  the  spleen,  which  rendered  it  active,  and  then  passed  to  the  portal 
system,  where  it  converted  glycogen  into  sugar.  Additional  evidence  to 
this  effect  is  available  in  the  literature  on  the  pathogenesis  of  glyco- 
suria; a  small  part  of  which  only  can  be  submitted  here. 

We  owe  to  Mering  and  Minkowski'^"  the  view  that  the  pancreas 
produces  an  internal  secretion  which  governs  carbohydrate  metabolism 
and  to  Laguesse""*  the  demonstration  that  the  islands  of  Langerhans  were 
the  source  of  this  secretion — both  of  which  conclusions  have  been  repeat- 
edly sustained,  especially  by  Schafer's"^  independent  researches.  But 
Laguesse'"  concluded,  moreover,  that  the  secretion-granules  of  the  isl- 
ands, at  least  in  the  embryo,  were  carried  away  by  the  blood-vessels. 
This  applies  to  the  developed  islands  as  well,  since  they  also  are 
deprived  of  ducts.  My  own  conclusion  that  it  is  carried  to  the  splenic 
vein  not  only  affords  the  only  normal  path  for  the  internal  secretion  to 
the  liver,  but  it  explains  also  why  ligation  of  the  pancreatic  duct,  while 
causing  disuse-atrophy  of  the  rest  of  the  pancreatic  parenchyma,  leaves 
the  islands  of  Langerhans  practically  unharmed,  thus  showing  that  their 
functions  are  not  arrested.  Indeed,  as  shown  by  Ssobolew"^  in  the 
guinea-pig,  rabbit,  cat  and  dog,  the  islands  persisted  400  days,  i.e.,  until 
all  the  vital  activity  of  the  glands  had  ceased.  Moreover,  the  atrophy 
of  the  gland  elements  did  not  modify  carbohydrate  metabolism;  it  only 
became  impaired  when  the  entire  gland,  including  therefore  the  islands 
of  Langerhans,  had  been  extirpated. 

Conversely,  Arthaud  and  Butte*"  arrested  glycosuria  by  ligating 
the  veins  of  the  pancreas,  which  open,  as  is  well  known,  into  the  mesen- 
teric and  splenic  veins.  This  result  (although  the  observers  mentioned  in 
no  way  refer  to  the  possibility  of  an  internal  secretion  such  as  that 
suggested  by  myself  twelve  years  later)  proves  conclusively  that  it  is 
through  its  veins  that  the  internal  secretion  which  provokes  glycosuria 
enters  the  circulation  and  through  it  the  liver. 
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As  to  the  participation  of  a  splenic  internal  secretion  in  the  glyco- 
genic process,  I  must  refer  the  reader  to  the  first  volume""  for  details, 
in  which  its  action  upon  trypsinogen  is  studied,  and  which  applies  to 
the  carbohydrates  as  well.  Referring  to  the  investigators  and  the  re- 
searches I  mention  therein,  Hammarsten""  says:  "Such  a  'charging'  of 
the  pancreas  by  the  spleen  has  been  repeatedly  suggested  by  Schiff,  and 
his  statements  have  not  only  been  confirmed  by  these  recent  investiga- 
tions, but  in  part  also  explained."  He  also  states,  however,  that  this 
is  caused  "in  a  still  unknown  manner  by  a  body  whose  nature  is 
unknown." 

We  thus  have  for  the  conversion  of  glycogen  into  sugar  a  triad 
composed  of  the  blood's  adrenoxidase  and  nucleo-proteid  from  the  spleen 
which,  by  their  interaction,  supply  the  heat-energy  required  to  activate 
the  pancreatic  proferment  amylopsinogen,  to  which  the  conversion  is 
due,  the  three  forming,  in  reality,  the  compound*  now  known  as  amyl- 
opsin. 

Several  drugs  in  common  use  are  capable,  in  sufficiently 
large  doses,  of  provoking  glycosuria:  adrenal  extract,  which 
causes  it  indirectly  by  enhancing  the  oxygenation  of  the  pan- 
creas ;  thyroid  extract,  which  initiates  the  same  process  by  stim- 
ulating the  adrenal  center ;  strychnine,  mercury  and  other  drugs, 
which  also  stimulate  the  adrenal  center,  but  less  vigorously.* 

Various  diseases,  the  pathogenic  agents  of  which  cause 
marked  stimulation  of  the  adrenal  center,*  may  also  provoke 
glycosuria.  These  include  pertussis,  measles,  varicella,  diph- 
theria, enteric  fever,  epilepsy,  convulsions  and  malaria,  and 
diseases  such  as  gout  and  rheumatism,  but  only  during  ex- 
acerbations of  adrenal  activity  caused  by  an  accumulation  of 
toxic  wastes  in  the  blood. 

We  have  seen  that  adrenal  extract  readily  provokes  glycosuria. 
Thyroid  extract,  which  acts  much  as  does  the  thyroid  secretion  itself, 
by  stimulating  the  adrenal  center,  was  found  to  produce  marked  glyco- 
suria by  W.  Dale  James'"  in  the  case  of  a  physician  who  had  taken 
thyroid  for  a  psoriasis  of  old  standing.  The  sugar  disappeared  when 
the  use  of  the  drug  was  discontinued.  Similar  cases  have  been  observed 
by  Ewald,"'  Lorand  and  other  clinicians.  Georgiewsky""  found  that  in 
dogs  the  use  of  fresh  thyroid  gland  as  food,  or  of  the  expressed  juice 
by  injection,  produced  a  glycosuria  which  sometimes  reached  as  much  as 
17  per  cent.,  and  which  disappeared  when  the  thyroid  was  no  longer 
given.  Strychnine  was  found  to  cause  glycosuria  by  Claude  Bernard, 
Schiff  and  many  others;  Demanf^""  showed  that  it  caused  the  hepatic 
glycogen  to  be  rapidly  reduced.  Langendorff'^'  observed,  moreover,  that 
extirpation  of  the  liver  prevented  strychnine  glycosuria.  The  clinical 
use  of  mercury  was  also  found  to  bring  on  glycosuria  by  Reynoso,  Rosen- 


*  Author's  conclusion. 
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bach,  Bouchard  and  others.  Handfield  Jones^"  noted,  moreover,  that 
mercury  caused  marked  hepatic  hyperemia.  Phloridzin  glycosuria  is 
likewise  due  to  marked  stimulation  of  the  adrenal  center.  The  fact  that 
it  is  accompanied  by  excessive  metabolism  is  shown  by  Cartier's"^^  state- 
ment that  "all  authors  who  have  studied  phloridzin  unite  in  saying  that 
the  animal  experimented  upon  becomes  voracious,  and,  if  not  overfed, 
rapidly  wastes." 

As  to  the  causative  influence  of  various  diseases,  Charrin  and  Car- 
not'"  produced  diabetes  by  injecting  diluted  culture  of  bacillus  pyocy- 
aneus.  Thomson,  of  Glasgow,'^  in  a  study  of  a  large  number  of  cases, 
found  a  large  excess  of  sugar  in  children  suffering  from  pertussis,  epi- 
lepsy and  convulsions,  and  a  slight  increase  in  cases  of  varicella,  variola, 
enteric  fever  and  peritonitis.  Tesehemacher^^  observed  a  case  of  measles 
in  which  the  urine  contained  4  per  cent,  of  sugar.  Mosse,  Charles  Blanc 
and  others"^"  observed  it  in  cases  of  intermittent  fever.  Striimpell,'^ 
Dyce  Duckworth^^"  and  many  others  refer  to  gout  as  a  cause  of  transi- 
tory glycosuria. 

In  a  large  proportion  of  the  cases  met  with,  the  glycosuria 
is  due  to  the  presence  in  the  blood  of  an  excess  of  normal  phy- 
siological waste-products.  These,  by  overstimulating  the  adrenal 
center,  produce  glycosuria  in  the  same  manner  as  thyroid  extract 
and  the  other  agents  referred  to  above.* 

The  accumulation  of  these  poisons  is  principally  due  to  the 
ingestion  of  food  in  excess  of  the  body's  needs:  excessive  work 
is  thus  imposed  upon  the  adrenal  system  and  through  it  upon 
the  pancreas.*  Overeating  becomes  more  active  as  a  cause  of 
glycosuria  when,  in  addition,  the  blood  is  simultaneously  being 
deprived,  by  the  free  use  of  alcohol,  of  some  of  the  excess  of 
oxygen  the  immunizing  overactivity  of  the  adrenal  system  is 
providing.*  Hence,  the  fact  that  diabetes  is  usually  observed  in 
vigorous  subjects  who  are  large  eaters,  many  of  whom  partake 
freely  of  alcohol. 

All  conditions  which  impose  excessive  wear  and  tear  upon 
the  body,  prolonged  overexertion,  mental  or  physical,  worry, 
anger, — which  are  all  attended  by  an  excessive  production  of 
toxic  wastes — may  also  provoke  diabetes  through  the  same  mor- 
bid process.* 

This  involves  the  conchision  that  in  this  class  of  cases  general 
metabolism  must  be  correspondingly  excessive.    Lepine^*  states  that  it 

*  Author's  roncluMon. 

Handfield  Jones:    Cited  by  F.  Cartier:    These  de  Paris,  1S91. 
1^  Cartier:   Ibid.,  p.  15. 

-"Charrin  and  Carnot:  C.  r.  hebd.  des  seances  de  la  Soc.  de  biologie.,  10 
serie.  vol.  i,  p.  438,  1894. 

1^  Thomson:    Glasgow  Hosp.  Rep.,  vol.  ii,  p.  324.  1900. 

1^  Teschemaeher:    Berl.  klin.  Woch.,  Bd.  xxix,  S.  33.  1S92. 

1"  Mosse,  Charles  Blanc,  and  others:  Cited  by  Verneuil:  Semaine  med., 
vol.  viii,  p.  386.  1888. 

Striimpell:    Berl.  klin.  Woch..  Bd.  xxxiii,  S.  1017,  1S96. 

i^Dyce  Duck-worth:    Lancet,  Aug.  5.  1893. 

i«>Leplne:    Semaine  medical,  vol.  xvii,  p.  279,  1897. 


DIABETES  MELLITUS. 


1589 


is  a  positive  fact  that  in  many  cases  of  diabetes  there  is  exaggerated 
destruction  of  nitrogen,  a  fact  now  generally  recognized.  Tyson"''^  also 
says  that  the  "urea  is  almost  invariably  increased,"  and  considers  as 
one  of  the  causes  of  this  symptom  "the  ingestion  of  large  amounts  of 
nitrogenous  food,  whether  to  appease  the  appetite  or  by  the  physician's 
advice." 

A.  Lorand,  of  Carlsbad,^*"  also  holds  that  diabetes  is  due  to  the 
fact  that  "people  are  taking  more  food,  especially  carbohydrate  food, 
into  their  bodies  than  they  can  burn."  As  interpreted  from  my  stand- 
point, it  is  the  attempt  to  destroy  the  excess  of  wastes  that  this  entails 
which  causes  glycosuria,  the  conversion  of  glycogen  into  sugar,  glyco- 
suria being  in  reality  but  one  of  the  phenomena  indicating  that  exces- 
sive metabolism  is  in  progress. 

The  morbid  influence  of  alcohol  is  illustrated  by  cases  studied  by 
Strauss  of  von  Noorden's  clinic'*"  in  which  glycosuria  followed  the  use 
of  a  mixed  diet  after  a  drinking  bout.  In  one  patient,  who  had  lost 
the  tendency  to  glycosuria  after  a  carbohydrate  diet  without  sugar,  the 
glycosuria  could  be  made  to  return  by  administering  alcohol.  Strum- 
pell  had  already  shown  that  alcohol  favored  the  appearance  of  aliment- 
ary glycosuria. 

The  influence  of  physical  strain,  such  as  that  caused  by  long  tramp- 
ing, is  shown  by  five  cases  reported  by  Hoppe-Seyler,""  in  which  rest 
caused  the  glycosuria  to  disappear.  Gobbi""  made  a  similar  observa- 
tion in  eight  runners  who,  before  the  race,  had  no  sugar  in  their  urine. 
Other  instances  of  this  kind  have  been  reported.  Mitra*""  states  that 
diabetes  is  four  times  more  prevalent  in  Bengal  than  elsewhere,  and  that 
it  is  practically  limited  to  hard-worked  professional  men,  oflicials  and 
students.  Bolye  Chunder  Sen'"'  had  already  emphasized  that  while  the 
country  Hindoos  were  comparatively  free  from  the  disease,  the  propor- 
tion was  large  among  the  brain  workers.  Worms'"*  found  that  among 
scientists  and  others  leading  intellectual  pursuits,  the  proportion  of 
diabetics  was  10  per  cent,  in  Paris,  where,  as  shown  by  Bertillon,  the 
mortality  from  diabetes  had  almost  doubled  between  1883  and  1892. 
Worms  observed  that  the  condition  of  diabetics  was  aggravated  by  worry. 

The  development  of  pathological  changes  in  the  organ  which 
bears  the  brunt  of  the  morbid  process,  the  pancreas,  occurs  late 
in  the  history  of  the  case.  It  is  merely  overworked,  and  is  able 
to  meet  the  needs  of  the  stress  imposed  upon  it.  Glycosuria 
cannot,  therefore,  be  attributed  primarily  to  disease  of  the  pan- 
creas in  this  form  of  diabetes.*  After  a  more  or  less  prolonged 
period  of  overwork,*  however,  this  organ  begins  to  show  morbid 
changes,  though  previously,  and  notwithstanding  the  presence  of 
considerable  sugar  in  the  urine,  and  all  the  typical  symptoms  of 
diabetes,  it  had  shown  none  whatever. 

The  general  trend  of  the  pathological  process  is  a  general 
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degeneration  of  the  pancreas,  and  more  particularly  as  regards 
the  glycosuria  of  the  islands  of  Langerhans. 

The  first  step  is  a  general  engorgement  of  the  capillaries, 
which  may  be  sutficiently  marked  in  the  more  advanced  cases  to 
be  accompanied  by  haemorrhage,  especially  in  the  islands  of  Lan- 
gerhans, in  which  these  small  vessels  are  extremely  thin.  The 
capillary  walls  then  undergo  hyaline  degeneration,  which  grad- 
ually invades  the  islands  and  destroys  them.  In  some  cases, 
however,  these  structures  become  granular  and  undergo  necro- 
biosis. Both  these  morbid  processes  may  proceed  to  an  advanced 
stage  in  the  islands  of  Langerhans  without  involving  the  rest  of 
the  gland,  or  the  latter  may  undergo  atrophy  and  be  replaced 
by  fatty  tissue.  The  local  changes  may  also  lead  to  a  cirrhosis 
in  which  the  secreting  structures  of  the  gland,  as  well  as  the 
islands  of  Langerhans,  are  gradually  enmeshed  in  a  fibrous  net- 
work and  obliterated. 

The  islands  of  Langerhans  are  the  structures  of  the  pan- 
creas which  yield  first  under  the  excessive  stimulation  to  which 
the  latter  organ  is  subjected.  Thus,  a  case  of  diabetes  may  pro- 
ceed to  a  fatal  termination  through  gradual  degeneration  of  the 
islands  and  the  other  glandular  elements  be  found  normal  after 
death.  Moreover,  these  glandular  elements  may  be  profoundly 
diseased  and  no  glycosuria  occur. 

Important  in  this  connection  is  the  fact  that  disease  of  the 
pancreas  is  not  the  cause  of  diabetes,  as  believed  by  many,  and 
that  the  pancreatic  lesions  are  due  to  overstimulation  of  this 
organ.* 

As  stated  by  R.  H.  Fitz,'^°°  the  existence  of  pancreatic  diabetes  is 
established,  but  disease  of  the  pancreas  does  not  necessarily  cause  dia- 
betes. Of  29  cases  from  the  Massachusetts  General  Hospital  that 
showed  lesions  of  the  pancreas,  glycosuria  was  found  in  but  2,  although 
in  12  cases  there  were  no  records  of  tests  for  sugar.  The  investigations 
of  E.  L.  Opie""  have  thrown  considerable  light  upon  this  problem.  He 
not  only  pointed  out  that  extensive  lesions  of  the  ordinary  secretory 
structure  with  escape  of  the  islands  of  Langerhans  are  unattended  by 
diabetes,  but  also  that  destruction  of  the  latter  structures  alone  con- 
curred with  this  disease.  This  is  emphasized  by  the  following  detail? 
of  an  autopsy  of  a  diabetic  negress  aged  54  years.  The  pancreas 
weighed  80  grammes,  was  soft  and  of  a  gray-yellow  color.  Almost  every 
island  of  Langerhans  showed  microscopically  a  homogeneous  material 
that  stained  with  eosin.  This  substance  at  times  lay  in  the  midst  of 
groups  of  cells,  but  was  usually  in  contact  with  the  walls  of  the  capil- 
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laries  penetrating  the  island,  or  next  the  peripheral  fibrous  tissue,  and 
was,  therefore,  usually  between  the  remaining  cells  and  the  capillary 
walls.  The  cells  of  the  island  were,  in  large  part,  replaced,  so  that 
between  the  hyaline  particles  only  an  occasional  compressed  fusiform  or 
irregular  nucleus  could  be  seen.  The  hyaline  metamorphosis  was  strictly 
limited  to  the  islands  of  Langerhans,  the  glandular  acini  remaining 
intact.  In  this  pancreas,  therefore,  a  lesion  of  obscure  etiology  had 
destroyed  the  islands  of  Langerhans,  while  those  of  the  secreting  acini, 
as  well  as  those  of  other  organs,  were  unaffected.  The  association  of 
diabetes  mellitus  affords  convincing  proof  that  the  islands  of  Langer- 
hans are  intimately  connected  with  the  glycogenic  metabolism. 

The  fact  that  the  pancreatic  lesions  are  not  the  origitial  cause  of 
glycosuria,  however,  is  shown  by  the  many  cases  observed  in  which 
pancreatic  lesions  were  either  slight  or  absent.  Thus,  M.  B.  Schmidt"' 
in  23  autopsies  of  diabetics  found  the  pancreas  entirely  normal  in  8 
instances.  It  showed  evidences  of  slight  inflammation  in  7,  while  in 
the  rest  there  was  either:  acute  interstitial  inflammation,  chronic  in- 
terstitial inflammation  or  hyaline  degeneration,  which — from  my  view- 
point— represent  steps  of  the  degenerative  process,  followed  in  suffi- 
ciently vigorous  cases  by  a  reparative  fibrosis.  A.  E.  Finney'"  was  also 
led  to  conclude,  by  a  comprehensive  study  of  the  subject,  that  "diabetes 
may  occur  in  the  absence  of  demonstrable  lesion  in  the  islands  of  Lan- 
gerhans." He  also  found  that  the  injection  of  adrenalin  chloride  in 
the  guinea-pig  produced — besides  general  phenomena  and  hyperaemia  of 
other  organs — a  peri-acinous  engorgement  of  the  pancreatic  capillaries, 
the  typical  lesion  to  be  expected  in  a  condition  brought  about  through 
excessive  activity  of  the  adrenal  system.  4 

There  is,  in  the  light  of  my  views,  as  previously  stated, 
another  form  of  glycosuria,  asthenic  glycosuria,  due  to  insuffi- 
ciency of  the  adrenal  system  caused  by  poisons  and  diseases  that 
depress  the  functional  activity  of  either  of  its  three  organs,  and 
thus  lower  oxygenation  in  the  body  at  large.*  The  functions 
of  the  pancreas  being  inhibited  thereby,  overactivity  of  the 
islands  of  Langerhans  plays  no  role  in  the  pathogenesis  of  this 
stage.*   This  subject  is  treated  below  under  a  separate  heading. 

Treatment. — Agents  which  Reduce  the  Hypersensi- 
TiVENESs  OF  THE  Adrenal  Center. — If,  as  I  would  urge,  dia- 
betes mellitus  is  clearly  differentiated  from  the  form  I  describe 
below  as  pathogenically  a  totally  different  disease,  it  may  be 
said  that  we  possess  a  specific  for  each  of  these  two  affections.* 
Indeed,  the  test-organ  and  the  adrenal  center  being  overactive 
in  diabetes  mellitus,  the  remedy  which  suggests  itself  is  that 
which  serves  physiologically  in  the  body  to  subdue  the  func- 
tional activity  of  these  organs,*  namely,  arsenic.  That  this 
remedy  has  proven  of  great  value  in  a  large  proportion  of  cases 


*  Author's  conclusion. 

1"  M.  B.  Schmidt:  Miinch.  med.  Woch.,  Bd.  xlix,  S  El  1902 
"2  A.  E.  Finney:   Med.  Chronicle,  June,  1903. 
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is  well  known.  The  cause  of  its  failure  and  of  the  harmful 
effects  occasionally  observed  are  accounted  for,  on  the  other 
hand,  by  the  fact  that  it  was  given  in  cases  of  asthenic  glyco- 
suria, in  which,  as  shown  under  the  next  heading,  the  adrenal 
mechanism  is  already  markedly  depressed.*  In  what  might  be 
termed  sthenic  diabetes,  the  form  described  above,  however,  it 
is  of  great  value;*  Fowler's  solution  may  be  given  in  3-drop 
doses  in  a  glassful  of  water  during  each  meal,  the  dose  being 
gradually  increased  until  the  first  signs  of  the  physiological 
effects  of  the  drug  appear,  when  it  should  be  somewhat  reduced. 
The  object  should  be  to  keep  the  test-organ  depressed  until  the 
excess  of  sugar  disappears  from  the  urine,  and  then  to  adjust 
the  subsequent  use  of  the  remedy  to  this  end.* 

Louis  Lewis'-"  ascribes  the  origin  of  the  arsenic  treatment  oi 
diabetes  to  Salkowski,  who  discovered  that  in  animals  poisoned  by 
arsenic  no  artificial  diabetes  could  be  produced,  either  by  puncture  of 
the  fourth  ventricle  or  curare.  Here  the  arsenic  had  evidently  paralyzed 
the  adrenal  system  and  thereby  the  pancreatic  functions.  No  amylopsin 
being  produced,  glycosuria  failed  to  occur.  Arsenic  has  been  highly  rec- 
ommended by  Dujardin-Beaumetz,"*  Jaceoud"'*  and  other  authorities. 
Tyson"*  states  that  "after  opium,  arsenic  has  longest  maintained  its 
reputation  as  a  remedy  in  diabetes,"  and  that  it  seems  to  him  that 
"there  is  something  more  than  a  simple  tonic  action  in  it." 

Unfortunately,  the  patients  become  rapidly  accustomed  to 
the  use  of  arsenic,  and  to  offset  this  drawback,  other  agents  hav- 
ing the  same  physiological  action  are  indicated  for  a  time.  In 
some  cases,  the  use  of  a  different  preparation  of  arsenic,  the 
bromide  of  arsenic,  i.e.,  Clemens's  solution,  (administered  in  the 
same  way  as  Fowler's,  the  dose  being,  on  the  whole,  reduced  one- 
third)  suffices.*  In  others,  the  change  does  not  affect  the  situa- 
tion. The  sodium  or  strontium  hromide  in  15-grain  (1  gm.) 
doses  on  retiring,  increased  if  necessary,  and  taken  in  a  glassful 
of  water,  may  then  be  used  for  a  time — not  more  than  a  couple 
of  weeks — then  gradually  reduced,  while  simultaneously  the 
course  of  arsenic,  beginning  with  5  drops  of  Fowler's  solution,  is 
resumed.*  When  it  becomes  necessary  again  to  withdraw  the 
arsenic,  chloral  hydrate  or  chloralamid  may  be  employed  instead 
of  the  bromides  or  in  conjunction  with  these  salts,  reducing  the 
dose  of  each  in  proportion.*    If  the  sugar  in  the  urine  can  be 

*  Author's  conclusion. 

"3  Louis  Lewis:    Med.  "World,  Oct.,  1888. 

Dujardin-Beaumetz:    Bull.  gen.  de  therap.,  vol.  cxvl,  p.  241,  1889. 
"^Jaccoud:    Med.  moderne,  vol.  ix,  p.  108,  1898. 
"'Tyson:   Loc.  cit.,  p.  815,  1903. 
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kept  down  with  smaller  doses  of  these  depressants,  such  doses 
should,  of  course,  be  used.* 

It  is  obvious  that  the  administration  of  any  "tonic,"  "alter- 
ative," or  "chalybeate,"  as  recommended  by  some  authors,  must 
compromise  the  results.* 

All  these  remedies  have  been  used  empirically  for  some  time,  as 
is  well  known.  That  they  have  been  highly  recommended  by  some  and 
condemned  by  others  is  not  strange,  in  view  of  the  fact  that  while 
beneficial  in  sthenic  glycosuria  (diabetes),  they  are  harmful  in  the 
asthenic  form. 

Drugs  which  Tend  to  Reduce  Excessive  Tissue  Meta- 
bolism.— Remedies  which,  by  exciting  the  sympathetic  center 
only,  but  sufficiently  to  cause  constriction  of  the  arterioles,  nat- 
urally reduce  the  volume  of  the  blood  supplied  to  all  organs 
through  their  capillaries,  and  the  intrinsic  metabolism  of  these 
organs.*  It  is  to  this  property  that  opium  and  morphine  owe 
their  beneficial  effects.*  A  small  dose  of  morphine,  ^/g  grain 
(0.008  gm.),  may  be  given  twice  daily,  then  three  times  daily. 
The  dose  is  then  increased  to  Vg  grain  (0.01  gm.)  once  in  thie 
day  instead  of  the  corresponding  dose,  then  twice  in  the  day,  etc., 
the  dose  being  increased  and  regulated  according  to  the  propor- 
tion of  sugar  in  the  urine.  The  danger  of  morphinism  may,  to 
a  certain  extent,  be  reduced  by  substituting  codeine  for  a  time, 
beginning  with  ^/^  grain  (0.016  gm.)  of  the  sulphate  (not  the 
phosphate,  the  preparation  most  used)  three  times  daily.  Opium 
or  morphine,  which  are  well  borne  by  diabetics,  are  preferable, 
however ;  they  diminish  hunger  because  they  reduce  tissue  waste 
by  lessening  the  quantity  of  adrenoxidase  admitted  to  the  tissue- 
cells  ;  they  also  cause  a  marked  reduction  of  the  sugar  excreted, 
because  the  tissue  carbohydrates,  especially  those  of  the  muscular 
elements,  are  not  as  rapidly  consumed.*  The  bowels  should  be 
kept  open  by  means  of  saline  aperients;  the  simultaneous  free 
use  of  Carlsbad  crater,  which  contains  sodium  sulphate,  bicar- 
bonate and  chloride,  often  suffices  for  this  purpose,  besides  tend- 
ing to  preserve  the  blood's  alkalinity. 

Tyson  states  that  "the  only  drug  that  can  be  relied  upon  to  pro- 
duce an  effect  in  diminishing  glycosuria  is  opium."  Shoemaker"'  writes: 
"Opium  is,  perhaps,  the  most  efficient  drug  which  we  possess  in  the 
treatment  of  this  disorder.    It  diminishes  hunger  and  thirst,  the  quan- 

♦  Author's  conclusion. 

Shoemaker:    "Materia  Medica  and  Therapeutics,"  sixth  edition,  p.  69], 

1906. 
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tity  of  urine  excreted,  and  the  amount  of  sugar  eliminated.  The  pro- 
gress of  the  disease  is  checked  and  the  condition  of  the  patient  amelior- 
ated.   Large  doses  are  required  and  well-borne  in  diabetes  mellitus." 

If,  for  some  reason,  opium  or  its  preparations  cannot  be  con- 
tinued, or  given  at  all,  antipyrin  and  acetanilid  may  be  used 
instead,  the  initial  dose  being  10  grains  (0.6  gm.) — with  equal 
parts  of  sodium  bicarbonate,  three  times  daily,  gradually  in- 
creased if  the  sugar  does  not  show  a  marked  fall.  We  have 
seen  that  the  effects  of  these  coal-tar  products  are  similar  to 
those  of  opium,  e.g.,  they  stimulate  the  sympathetic  center  and 
provoke  constriction  of  all  arterioles.*  Another  remedy  which 
acts  similarly  is  the  sodium  salicylate  in  doses  varying  from  10 
to  15  grains  (0.6  to  1  gm.)  three  times  daily,  but  this  remedy 
presents  a  drawback :  it  excites  the  test-organ  sufficiently  to 
counteract,  at  least  partly,  its  beneficial  effects.* 

Antipyrin  has  been  highly  recommended  by  Dujardin-Beaumetz, 
Huchard,  Robin  and  others.  The  first-named  clinician  noted  that  omis- 
sion of  the  drug  caused  prompt  recurrence  of  the  sugar  of  the  urine, 
both  of  which  had  been  greatly  reduced.  Opitz"*  found  antipyrin  of 
great  value  also  in  cases  of  long  standing.  He  gave  10  grains  (0.6  gm. ) 
t.i.d.  and  increased  the  dose  by  5  grains  (0.3  gm. )  daily  until  30  grains 
(2  gms.)  were  taken  t.i.d.,  if  necessary.  The  latter  dose  seems  exces- 
sive, but  it  is  generally  recognized  that  these  patients,  as  a  rule,  require 
large  doses.  The  sodium  salicylate  introduced  by  Ebstein  is  mentioned 
because  it  has  been  found  beneficial  in  some  instances.  I  have  never 
used  it. 

Agents  which  Increase  the  Alkalinity  of  the  Blood. 
— An  important  feature  of  this  disease  is  the  steady  loss  of  the 
mineral  constituents.  Hence  the  fact  that  the  blood's  alkalinity 
is  always  low.  When  this  condition  is  allowed  to  proceed,  the 
acetone  bodies  accumulate  in  the  blood,  acetone,  diacetic  and 
oxybutyric  acids  appearing  in  the  order  named,  according  to  the 
stage  of  the  disease.  Appearance  of  the  two  latter  means  that 
the  patient  is  exposed  to  diabetic  coma,  owing  mainly  to  the 
irritating  influence  of  these  two  acids  upon  the  kidneys.  Now, 
sodium  bicarbonate  is  known  to  offset  and  prevent  coma,  espe- 
cially when  given  with  large  quantities  of  fluid.  This  is  due 
mainly  to  the  fact  that,  besides  neutralizing  the  acids,  the 
osmotic  properties  of  the  body  fluids  are  restored  to  their  normal 
condition,  and  that  the  catabolism  of  sugars  and  fats,  as  well  as 
that  of  proteids,  can  be  carried  to  a  finish.*    We  should  not  wait, 


•  Author's  conclusion. 

"SQpitz:   Deut.  med.  Woch.,  Bd.  xv,  S.  646,  1889. 
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therefore,  until  these  acids  accumulate  in  the  blood  to  utilize 
alkaline  salts. 

In  the  early  stages,  the  use  of  an  alkaline  mineral  water  as 
a  usual  beverage  (of  which  the  patient  usually  partakes  in  large 
quantities),  and  the  addition  of  an  extra  amount  of  common  salt 
in  his  food  suffice  to  preserve  the  normal  osmotic  properties  of 
his  blood — and,  therefore,  to  insure  adequate  catabolism  of 
sugars  and  fats, — thus  preventing  the  formation  of  the  patho- 
genic acids.*  This  process  is  aided  materially  by  the  free  use  of 
green  vegetables,  which  are  rich  in  potassium  salts.  In  more 
advanced  cases  the  addition  of  sodium  bicarbonate,  20  grains 
(1.3  gms.)  twice  daily,  dissolved  in  one  glassful  of  the  mineral 
water  used,  affords  the  additional  alkalinity  required.  Or,  Vichy 
water,  the  chief  constituent  of  which  is  sodium  bicarbonate,  may 
be  used  as  usual  beverage. 

The  marked  loss  of  mineral  constituents  by  diabetics  has  been 
emphasized  by  Robin,"'  who  found  that  the  coefficient  of  demineraliza- 
tion  sometimes  attained  30  to  40  per  cent.  He  found,  as  I  have,  that 
the  patient  fares  better  if  encouraged  to  drink  alkaline  waters.  Orlow- 
sky'*"  ascertained  that  the  administration  of  alkalies  increased  the  alka- 
linity of  the  blood  and  of  its  plasma  to  an  appreciably  higher  degree 
than  in  healthy  individuals. 

Diet. — With  hyperactivity  of  the  test-organ  and  its  adreno- 
thyroid  center  as  the  direct  factor  in  the  overproduction  of  sugar, 
the  prevailing  method  of  depriving  the  patient  of  starches  and 
sugars  is  unscientific*  The  morbid  process  being  an  excessive 
consumption  of  these  substances  in  the  body  at  large,  including 
the  hepatic  glycogen,  their  withdrawal  from  the  food  can  have 
but  one  effect,  viz.,  to  place  at  the  mercy  of  the  amylolytic  triad 
of  the  blood  what  carbohydrates  remain  in  the  tissues.*  The 
body  is  thus  depleted,  as  far  as  possible,  of  physiological  com- 
ponents of  the  highest  importance  to  its  welfare.  The  sugar  in 
the  urine  naturally  diminishes,  and  may  even  disappear,  but  this 
does  not  prove  in  the  least  that  the  disease  is  counteracted ;  it 
only  shows  that  the  patient  has  been  drained  effectively  of  his 
main  sources  of  muscular  energy  and  heat.  Nor  does  the  meat 
diet  to  which  the  patient  is  relegated  even  protect  him  against 
the  renal  complications  feared,  since  glycosuria  is  known  fre- 
quently to  persist  under  such  a  diet  and  to  promote  the  appear- 

*  Author's  conclusion. 

1™  Robin:   Revue  de  therap.  med-chir..  vol.  Ixx,  p.  397,  1903. 
Orlowsky :   Vratch,  vol.  xxxii,  pp.  11S3,  1222,  1901. 
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ance  of  acetonuria  and  acidosis.  That  abstention  from  starches, 
sugar,  etc.,  is  harmful  under  such  conditions  is  shown  by  the  fact 
that  the  restoration  of  carbohydrates  often  causes  both  acetonuria 
and  acidosis  to  disappear. 

The  dietetic  indications  in  diabetes  mellitus  (sthenic) 
should  be  based  on  the  general  principle  that  a  large  excretion  of 
sugar  occurs  because  the  test-organ  and  its  adrenothyroid  center 
are  hypersensitive.*  The  aim,  therefore,  should  be  to  reduce 
the  food  intake  strictly  to  the  absolute  needs  of  the  body,  in 
order  to  diminish  as  much  as  possible  formation  of  wastes  which 
sustain  the  irritability  of  the  test-organ*  Moreover,  the  diet 
should  be  varied,  to  avoid  the  presence  in  the  blood  of  a  rela- 
tively large  proportion  of  any  one  waste,  and  to  insure  the  con- 
version of  each  into  a  benign,  eliminable  end-product.* 

On  the  whole,  the  diet  of  sthenic  diabetes  should  be  similar 
to  that  indicated  in  arteriosclerosis.  Indeed,  the  latter  disease 
corresponds  in  many  ways  with  sthenic  diabetes  as  I  interpret  it. 

The  true  position  of  the  dietetic  measures  usually  recommended 
is  well  exemplified  by  Croftan's  statement"^*'  that  "with  the  introduction 
of  calorimetric  methods  into  the  treatment  of  diabetes  a  new  danger  has 
arisen,  viz.,  the  substitution  of  a  modern  ultrascientific  routine  for  the 
old-fashioned  and  venerable,  but  altogether  unscientific,  routine  of  feed- 
ing every  diabetic  on  a  diet  containing  no  starches  or  sugars."  Stark'*' 
also  wrote  recently:  "A  rigid  exclusion  of  sugars  and  starches  in  the 
treatment  of  diabetes  is  a  thing  of  the  past,  nor  do  we  often  find  it 
necessary  to  exclude  them  permanently  from  the  menu  of  diabetes.  On 
the  contrary,  we  often  substitute  carbohydrates  for  fats  in  cases  of 
marked  acetonuria  As  a  matter  of  fact,  the  organism  act- 
ually requires  for  its  maintenance  carbohydrates  for  the  repair  and 
growth  of  its  tissues,  and  for  the  production  of  heat  and  muscular  force. 
This  necessity  for  carbohydrates  is  so  emphatic  that  directly  they  are 
prescribed  the  system  draws  upon  the  nitrogenous  element  of  food  to 
supply  the  missing  component."  As  to  the  influence  of  meat,  Croftan 
states  that  "in  many  cases  it  is  well  known  that  the  sugar  excretion 
only  stops  when  the  amount  of  meat  is  considerably  reduced.  Further, 
it  can  be  shown  that  withdrawal  or  reduction  of  meat  appreciably  in- 
creases the  tolerance  of  carbohydrates."  He  urges,  moreover,  that  "the 
chief  danger  incident  to  complete  withdrawal  of  carbohydrates  is  .  .  . 
acidosis  and  coma;"  and  also  that  "it  is  surprising  how  often  the  admin- 
istration of  a  little  carbohydrate  in  cases  that  are  on  a  rigid  diet,  or  of 
some  more  carbohydrate  in  cases  that  are  receiving  only  small  quantities 
of  carbohydrate  will  cause  all  these  dangerous  phenomena  to  disappear." 
A  lugubrious  commentary  upon  the  true  meaning  of  all  these  facts  is 
suggested  by  the  case  of  a  man  in  the  last  stages  of  the  disease  observed 
by  Lepine,  to  whom  sugar  was  granted  owing  to  his  hopeless  condition, 
and  who  began  to  improve.    This  suggested  honey  as  an 


*  Author's  concluxion. 
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appropriate  food,  i.e.,  mcl  in  diabetes  mellitus.  The  fallaciousness  of 
the  whole  dietetic  treatment  based  on  old  lines  is  emphasized  by  another 
method  of  which  Hare'*'  says:  "Although  potatoes  are  eminently  a 
starchy  food,  recent  ihvestigations  indicate  that  it  is  perhaps  the  best 
form  of  starch  which  can  be  taken  by  the  diabetic."  Mosse,  who  advo- 
cated this  method,  recommends  that  2  or  3  pounds  daily  of  this  "emi- 
nently starchy  food"  be  taken  by  the  patient. 

Finally,  the  Hindoos  and  all  vegetarians  should  show  an  enormous 
proportion  of  diabetics  were  the  prevailing  doctrine  true.  A  Hindoo 
physician  of  wide  experience,  Bose,"*^  states  that  the  Jams,  who  are 
great  starch  and  sugar  eaters,  and  the  Sadhoos,  Jogees,  and  Chowbays 
of  Muttra,  who  live  upon  sweets,  do  not  suflfer  from  diabetes.  This  does 
not  mean  that  diabetes  is  not  observed  in  India.  A  suggestive  fact 
asserts  itself  in  this  connection,  however:  the  patients  live  much  longer 
in  India,  because,  owing  to  their  aversion  for  meat,  they  cannot  be  placed 
upon  the  "sugar-  and  starch-free  diet."'^''' 

In  the  treatment  of  these  cases,  the  following  course  is  rec- 
ommended: (1)  reduction  of  diet  with  copious  use  of  some 
•plain  alkaline  mineral  water:  Ballardvale,  Londonderry  Lithia, 
etc.  (2)  second  week,  arsenic  added.  If  at  the  end  of  the  third 
week  the  sugar  is  not  reduced  very  considerably,  acetanilid  on 
retiring  (besides  preceding  indications)  and  Vichy  adopted  as 
usual  beverage.* 

ASTHENIC  GLYCOSURIA. 

Synonyms. — "Toxic"  Glycosuria,  but  only  as  to  depressing 
poisons  (arsenic,  chloral,  etc.);  '^Traumatic,"  "Slwclc"  and 
"Fright"  Glycosurias;  "Diabetes  Decipiens;"  "Conjugal  Glyco- 
suria;" "Diabete  Bronze"  of  the  adrenal  type;  "Diabete  Maigre" 
or  "Emaciating  Diabetes." 

Definition. — A  form  of  glycosuria  due  to  poisons,  diseases, 
traumatisms,  shock,  fright  and  other  conditions  which  depress 
the  functional  activity  of  the  test-organ  or  of  the  adrenothyroid 
and ,  sympathetic  centers  of  the  pituitary  body,  and,  therefore, 
the  functional  activity  of  all  organs,  including  the  pancreas. 
The  secretory  functions  of  this  organ  being  inhibited,  the  for- 
mation of  glycogen  is  correspondingly  reduced,  and  the  food 
carbohydrates  which  should  be  utilized  in  this  function  are 
directly  converted  into  sugar  in  the  alimentary  canal  and  ab- 
sorbed as  such.  Being  unsuited  for  utilization  by  the  tissues, 
this  sugar  is  eliminated  by  the  kidneys.** 

*  Author's  conclusion. 

Author's  definition. 
is'Hare:    "Practice  of  Medicine,"  p.  810,  1905. 
'»*Bose:   Brit.  Med.  Jour.,  Feb.  2,  1895. 

Editorial:   The  Antiseptic  (Madras),  Dec,  1905. 
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I  find  it  impossible  to  avoid  introducing  the  name  '"asthenic  glvco- 
suria."  The  term  "toxic  glycosuria"  is  sometimes  employed  to  distin- 
guish the  form  due  to  poisons  from  true  diabetes  mellitus.  In  the  light 
of  my  views,  however,  it  is  faulty,  since  it  includes  two  pathological 
processes  which  are  not  only  distinct,  but  antagonistic.  Thus,  while 
strychnine  and  mercury  provoke  toxic  glycosuria,  by  stimulating  the 
adrenal  system,  arsenic,  antimony,  etc.,  bring  it  on  by  depressing  the 
same  system.  Again,  while  the  drugs  which  stimulate  this  system  ulti- 
mately give  rise  to  lesions  similar  to  those  obser\-ed  in  diabetes  mellitus, 
those  which  depress  it  lead  to  organic  changes  of  a  special  character, 
i.e..  those  of  arrested  nutrition  and  atrophy.  The  term  '"asthenic"'  gly- 
cosuria seems  to  me  not  only  to  embody  the  essential  feature  of  an 
autonomous  morbid  process,  but  also  to  suggest  the  appropriate  line  of 
treatment. 

Alimentary  glycosuria  is  not  included  in  this  form,  since  it 
may  be  produced  through  both  hyper-  and  hj'poactivity  of  the 
adrenal  system. 

Symptoms  and  Etiology. — While  in  the  sthenic  form,  i.e., 
diabetes  mellitus.  described  in  the  preceding  section,  the  type  of 
patient  is  usually  one  indicating  vigor  and  overactivity,  in  the 
asthenic  form  the  opposite  is  the  case.*  The  patient  may  be 
bulk}'  and  obese,  but  of  the  type  denoting  clearly  general  torpor 
and  low  vital  activity.  He  may  also  be  thin,  delicate  and  anae- 
mic, a  class  in  which  hypochondria  and  melancholia  sometimes 
occur  concurrently. 

In  the  first  volume"^^  I  advanced  the  view  that  there  was  also  a 
form  of  diabetes  due  to  insufficiency  of  the  adrenal  system  and  con- 
cluded'" that  "the  glycosuria  following  extirpation  of  the  pancreas  is 
due  to  the  action  of  the  ptyalin  upon  food-starches."  The  latter  con- 
clusion was  based  on  experiments  by  Aldeholf.  Minkowski.  Chittenden 
and  Griswold.  and  von  Mering  and  the  well-kno^vn  fact  that,  as  stated 
by  Howell,^^  "saliva  or  preparations  of  ptyalin  act  readily  on  boiled 
starch,  converting  it  into  sugar  and  dextrin."  Tliat  amylopsin  carries 
on.  both  in  the  intestine  and  elsewhere,  the  conversion  of  starches  and 
glycogen  into  stigar  is  well  known.  The  sugar  produced,  therefore,  may 
be  derived  from  that  produced  through  the  action  of  ptyalin  and  amyl- 
opsin, or  directly — and  mainly  in  asthenic  glycosuria — from  sugars  in- 
gested. 

Howell  also  says,^^  referring  to  diabetes:  "In  severe  forms  of 
this  disease,  all  the  carbohydrate  material  of  the  food  appears  in  the 
urine."  That  leucocytes  take  up  food-stuffs  from  the  intestine  has  been 
emphasized  both  in  the  first  volume  and  the  present  one.  In  a  recent 
paper.  Pavy'*'  states  that  he  had'*'  "adduced  evidence  to  show  that  at 
the  seat  of  absorption  in  the  alimentary  canal  the  carbohydrate  is  assi- 
milated by  synthesis  into  proteid  through  the  instrumentality  of  the 
lymphocytes  of  the  villi." 

*  Author's  conclu-tion. 
188  Cf.  vol.  i,  p.  365. 
^  Cf.  vol.  i,  p.  418. 

issHoweU:    "T.  B.  of  Phvsiol.."  p.  679,  1903. 
issHoweU:   Ibid.,  p.  733. 
isopayy.    Lancet.  May  5.  1906. 

mpavy:    "Carboh.  lletab.  and  Diabetes,"  London,  1906. 
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Further  evidence  to  the  effect  that  the  explanation  I  furnish  of 
the  pathogenesis  of  the  asthenic  form  of  glycosuria  is  sound,  is  afforded 
by  the  manner  in  which  it  harmonizes  with  the  results  of  experimental 
observation,  Lepine,"-  Bedart,'"^  Thiroloix^*"  and  others  having  found 
that  glycosuria  did  not  follow  removal  of  the  pancreas  in  dogs  deprived 
of  food  several  days.  The  cause  of  this  becomes  obvious  when  the  sugar 
is  derived  directly  from  the  food-stuffs,  as  removal  of  the  organ  typi- 
fies, in  the  pathology  of  the  disease,  advanced  organic  changes  in  the 
pancreas.  Lancereaux  first  pointed  out  in  1877  that  the  diahete  maigre 
with  which  the  asthenic  type  corresponds  is  invariably  accompanied  by 
pancreatic  lesions.  Saundby  in  his  Bradshaw  lecture''*  states  that  "in 
all  tj'pical  cases  of  emaciating  diabetes,"  the  pancreas  was  in  a  shrunken 
state,  and  that  they  showed  microscopically  hyaline  change  and  fibrosis. 
That  general  nutrition  should  be  impaired  under  these  conditions  is  self- 
evident.  As  de  Dominici"^"*  says:  "Destruction  of  the  pancreas  inevi- 
tably induces  dystrophy  of  the  organism  in  virtue  of  the  absence  of 
the  very  important  functions  of  this  organ  in  digestion,  and  in  virtue 
of  the  absence  of  the  substances  that  the  pancreas  produces,  which  reg- 
ulates the  equilibrium  of  metabolism." 

That  when  the  functions  of  the  pancreas  are  inhibited  by  removal 
of  this  organ,  glycosuria  is  produced,  is  well  known.  Minkowski  found, 
and  his  results  were  confirmed  by  Hedon,""  that  when  a  fixed  quantity 
of  sugar  was  administered  to  animals  after  their  pancreas  had  been 
removed,  the  sugar  obtained  from  the  urine  was  increased  precisely  in 
proportion  with  the  quantity  ingested.  These  and  othsr  experiments  of 
a  similar  kind,  clearly  show  that,  as  in  the  advanced  stage  of  diabetes, 
the  sugar  eliminated  is  derived  from  the  food  and  not  from  hepatic  or 
tissue  glycogen. 

Adapting  these  facts  to  the  forms  I  include  under  the  term 
"asthenic  glycosuria,"  we  are  brought  to  realize  that  hypoactivity  of 
the  adrenal  system,  i.e.,  of  the  test-organ  and  the  center  through  which 
it  influences  the  adrenals  and  the  thyroid — the  adrenothyroid  center — 
or  of  the  thyroid  and  parathyroid  glands;  or  of  the  adrenals  or  of  the 
nerve-paths  connecting  any  of  these  organs  with  one  another — and 
whether  due  to  organic  lesions  or  to  functional  impairment  of  any  of 
these  structures — must,  in  turn,  depress  the  secretory  activity  of  the 
pancreas  through  the  deficiency  of  adrenoxidase,  and  produce  asthenic 
glycosuria  by  materially  reducing  the  volume  of  amylopsin  formed. 

The  diabetes  ascribed  to  syphilis  belongs  to  this  group,  and 
is  apt  to  appear  during  the  first  four  years,  and  in  the  course  of 
the  secondary  and  tertiary  periods.*  The  so-called  conjugal  dia- 
betes is,  in  reality,  due  to  sexual  transmission  of  the  disease ;  the 
glycosuria  of  hereditary  syphilis  is  also  to  be  regarded  as  asthenic 
glycosuria.* 

The  glycosuria  of  alcoholism  and  influenza  is  essentially 
asthenic  in  character.*  This  applies  as  forcibly  to  the  form 
observed  in  neurasthenia  and  after  cerebral  haemorrhage,  and, 

*  Author's  conclusion. 

^'^Lepine:    Lyon  medical,  vol.  Ixxvii,  p.  335,  1894. 
"'Bedart:    Le  midi  medical,  Aug.  12,  1894. 

Thiroloix:  C.  r.  hebd.  des  seances  et  mem.  de  la  Soc.  de  biol.,  10  serie, 
vol.  i.  p.  297.  1894. 

1^  Saundby:    Birmingham  Med.  Rev.,  vol.  xxviii,  p.  129,  1890. 

i»«  De  Dominici:    Gazz.  d.  Osped.,  vol.  xxiv,  Pt.  i,  p.  620,  1903. 

i"Hedon:    Arch,  de  physiol.  norm,  et  pathol.,  5  serie,  vol.  v,,  p.  154,  1893. 
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obviously  to  the  glycosuria  of  senility,  and  that  due  to  excessive 
or  too  prolonged  lactation*  In  individuals  who,  in  one  way  or 
another,  show  the  landmarks  of  gout,  glycosuria  is  also  asthenic 
in  character,  while  this  fact  becomes  self-evident  in  the  diabete 
bronze  in  which  more  or  less  advanced  adrenal  lesions  are  found, 
and  which  present  many  of  the  symptoms  of  Addison's  disease.* 
Shock  is  another  cause  of  this  form  of  glycosuria,  which  may  be 
attended  by  all  the  phenomena  of  diabetes,  including  a  more  or 
less  rapid  loss  of  flesh.  Grief,  worry  and  exhaustion  may  engen- 
der asthenic  glycosuria,  while  anger  and  violent  excitement  may 
incite  the  sthenic  type.* 

An  important  form  of  asthenic  glycosuria  is  that  due  to 
traumatism.  In  this  class  of  cases  sugar  may  appear  as  early 
as  six  hours  after  the  receipt  of  the  injury;  but,  as  a  rule,  it 
begins  in  from  eight  to  twelve  hours.  If  it  appears  soon  it  is 
apt  to  be  temporary,  i.e.,  to  disappear  within  ten  days.  The 
interval  between  the  accident  and  the  appearance  of  sugar 
usually  includes  shock  phenomena,  more  or  less  weakness,  pallor, 
hypothermia,  etc.  This  is  followed  by  somnolence  in  some  and 
insomnia  in  other  cases,  and  leading  at  times  to  melancholia  and 
other  psychical  disorders,  especially  in  head  injuries,  which  give 
rise  to  glycosuria  oftener  than  others.  Acetone  and  acetic  acid 
are  very  rarely  found  in  traumatic  glycosuria  except  when  it 
becomes  permanent,  and  even  then  only  when  the  case  is  ad- 
vanced.   Albumin,  however,  is  always  present. 

The  principal  poisons  which  produce  asthenic  glycosuria  in 
the  same  way  are  arsenic,  antimony,  curare,  nicotine  and  the 
salts  of  uranium  nitrate.* 

A  number  of  agents  provoke  the  same  functional  inefficiency 
of  the  pancreas,  and,  therefore,  asthenic  glycosuria,  indirectly.* 
Thus  alcohol  produces  it  by  deoxidizing  the  blood;  chloroform, 
ether  and  other  anaesthetics,  by  reducing  the  intake  of  oxygen; 
amyl  nitrite,  chloral  and  chloralamid,  by  relaxing  the  arterial 
system  and  depleting  the  capillaries,  including  those  of  the  pan- 
creas; and,  finally,  morphine — a  frequent  cause  of  glycosuria — 
and  caffeine,  which,  by  causing  marked  constriction  of  the  arteri- 
oles, reduce  the  quantity  of  blood  admitted  to  all  organs,  includ- 
ing the  pancreas.* 


*  Author's  conclusion. 
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That  syphilis  is  a  cause  of  glycosuria  is  familiar  to  every  one. 
Ord"*  and  TroUet,^""  however,  emphasized  the  fact  that  it  occurred  with 
relative  frequency  during  the  third  stage — that  attended  by  the  greatest 
adynamia.  Tehistiakoff-""  found  also  that  the  urine  presented  no  other 
abnormal  constituent.  This  serves  to  differentiate  asthenic  glycosuria 
from  that  of  diabetes  in  which  phosphoric  acid,  etc.,  and  other  evidences 
of  exaggerated  metabolism  are  present.*  Again,  as  suggested  by  Trollet, 
such  cases  account  for  the  so-called  "conjugal  diabetes,"  which  thus 
becomes  conjugal  sj'philis  with  diabetes  as  a  normal  consequence. 
Schnee,-"'  moreover,  has  traced  it  to  inherited  syphilis.  Suggestive  also 
is  the  fact  that  this  form  of  diabetes  promptly  yields  to  antisyphilitic 
treatment,  i.e.,  to  mercury  and  the  iodides — both  most  powerful  adrenal 
stimulants,  and  which,  therefore,  most  vigorously  counteract  the  asthe- 
nia.* Stress  was  not  only  laid  on  this  fact  by  Seegen,  Servantie, 
Tchistiakoff,  Decker-"^  and  others,  but  the  last-named  observer  found  that 
recovery  ensued  without  modifying  the  diet. 

As  stated  by  Ebstein,-™  obesitj%  gout  and  diabetes  are  closely 
related,  and  any  two  or  all  three  of  them  may  be  present  in  the  same 
person.  Hirschfeld-"''  not  only  observed  this  close  relation  between 
obesity  and  diabetes,  but  also  that  obese  people  showed  sugar  after  a 
meal  containing  a  fairly  large  quantity  of  sugar.  In  the  concomitant 
presence  of  obesity  and  gout  we  have  evidence  of  deficient  metabolism, 
and  in  the  post-prandial  glycosuria  a  strong  probability  that  the  sugar 
is  derived  directly  from  the  food-starches. 

The  concurrence  of  glycosuria  with  neurasthenia  has  been  fre- 
quently observed  by  Landon  Carter  Gray.=°'*  Influenza,  a  disease  in 
which  general  neurasthenia  is  marked,  may  also  be  followed  by  severe 
glycosuria,  as  observed  by  Magelsonj^""  Holsti,^"  Broadbent™  and  others. 
In  the  latter  observer's  case,  which  was  already  of  three  years'  standing 
when  reported,  there  was  weakness  and  abolition  of  the  knee  reflex. 

As  to  drugs,  arsenic,  which,  we  have  seen,  is  an  efficient  remedy 
in  true  diabetes,  is  a  pernicious  agent  in  asthenic  glycosuria.  Claude 
Bernard,  Saikowski,  Quinquaud  and  Masoin™  all  foimd  that  it  was  even 
capable  of  preventing  the  glycosuria  produced  by  puncture  of  the  bulb. 
Latham^"^"  first  reported  cases  of  glycosuria  caused  by  arsenic.  The  rea- 
son for  this  is  plain,  when  we  recall  that  arsenic  is  the  physiological 
antagonist  of  the  thyroid  secretion.  That  alcohol  can  cause  glycosuria 
is  generally  recognized.  As  emphasized  by  Sandras  and  Bouchardat, 
however,  large  doses  are  required.  Von  Noorden^"  considers  chronic 
alcoholism  a  prominent  cause.  Chloroform  was  found  by  Winterstein-'^ 
to  reduce  in  animals  the  intake  of  oxygen;  Ebstein"'  observed  a  very 
great  aggravation  in  a  practically  cured  case  through  the  use  of  chloro- 
form as  an  anaesthetic.    Bendix  gave  dogs  large  quantities  of  grape 


*  Author's  conclusion. 
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sugar,  but  found  none  in  their  urine ;  a  similar  experiment  followed  by 
chloroform  anaesthesia,  caused  the  appearance  of  glycosuria  in  all  the 
animals.  Similar  experiments  with  morphine  led  to  identical  results. 
Tliis  agent  was  found  by  Eckhardt-"  to  readily  provoke  glycosuria; 
F.  Cartier-'^  states  that  from  0.03  to  0.06  gm.  ( %  to  1  gr. )  never  fails 
to  produce  it  in  the  rabbit;  he  refers  to  a  case  of  Gilbert's  in  which 
morphinomania  gave  rise  to  continuous  glycosuria.  The  other  drugs 
nentioned  as  causes  are  represented  by  desultory  cases  in  literature. 

Pathogenesis  and  Pathology. — The  disorders,  diseases  or 
poisons  which  provoke  asthenic  glycosuria  include  those  which 
greatly  depress  the  functional  activity  of  the  test-organ,  the 
adrenothyroid  center,  or  any  of  the  organs  of  the  adrenal  sys- 
tem ;  or  those  of  the  vascular  centers :  the  sympathetic  and  vaso- 
motor.* The  oxygenation  of  the  blood  or  the  access  of  the  blood 
to  the  various  organs  being  impaired,  their  functions  and  nutri- 
tion are  correspondingly  inhibited.*  The  pancreas  being  in- 
cluded among  the  organs  thus  affected,  its  output  in  ferments — 
including  the  active  agent  in  the  conversion  of  glycogen  to  sugar, 
amylopsin — is  greatly  diminished.*  The  pancreas  is  reduced, 
therefore,  as  far  as  its  functions  are  concerned,  to  the  condition 
which  prevails  in  the  advanced  stage  of  diabetes  mellitus.* 
While  in  the  latter  disease  the  pancreas  is  destroyed  organically 
through  excessive  intrinsic  metabolism,  in  asthenic  glycosuria  it 
may  be  only  functionally  paralyzed,  owing  to  inadequate  oxygena- 
tion and  local  hypometabolism.* 

The  sugar  originates,  therefore,  as  may  be  the  case  in 
advanced  diabetes,  directly  from  the  sugar  ingested  or  from  food- 
starches,  the  conversion  occurring  in  the  alimentary  canal.  This 
sugar,  being  taken  up  by  the  digestive  leucocytes,  is  unloaded  by 
these  cells  in  the  intercellular  spaces,  but  being  in  excess  of  the 
needs  of  the  tissues,  the  surplus  is  carried  by  the  lymph-stream 
to  the  blood.*  The  glycolytic  property  of  this  fluid  enables  it  to 
destroy  a  part  of  this  sugar,  but  the  bulk  of  it,  to  prevent 
hyperglycaeniia,  is  promptly  excreted  by  the  kidney. 

The  presence  in  some  eases  of  bronzing,  as  in  Addison's  disease, 
i.e.,  the  diabete  bronzS  of  Hanot  and  Chauffard  (1882),  clearly  points 
to  adrenal  insvifficiency.  Their  opinion  that  cirrhosis  of  the  liver  is 
always  present  has  been  invalidated  in  recent  years,  Abbott,^"  Murri,_=" 
Eab6^''  and  others  having  reported  eases  in  which  it  did  not  prevail. 


*  Author's  conclusion. 
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Auscher,  Gilbert,  Opie,  Chauveau  and  Kaufl'mann  and  others  have  met 
the  issue  by  considering  the  glycaemia  as  a  simple  complication  of  haemo- 
chromatosis.  But  the  cause  of  the  latter  phenomenon  was  left  unan- 
swered. This  answer  is  alTorded,  however,  by  inhibition  of  the  adrenal 
functions.  Not  only  is  bronzing  caused,  as  is  well  known,  by  such  a 
condition  in  Addison's  disease,  but  we  have  seen  that  removal  of  these 
organs  produced  haemochromatosis,  and  as  shown  by  the  experiments  of 
Boinet,  a  general  invasion  of  the  whole  organism  by  bronze  pigment. 
The  adrenals  themselves  may  be  involved  in  the  process,  as  shown  by 
cases  reported  by  various  observers.  In  a  case  of  diabetes  reported  by 
Kuhn^"  coinciding  with  cancer  of  the  breast,  the  right  adrenal  was  found 
to  be  the  seat  of  metastasis.  Barth,-"  de  Massary--*^  and  many  other 
observers  have  reported  eases  of  glycosuria  in  which  bronzing  was  pre- 
sent. Lepine—  observed  a  marked  case  of  diabetes  and  hyperglycaemia 
in  which  the  right  adrenal  was  the  seat  of  a  large  sarcoma.  Mimi--^ 
observed  a  typical  case  in  a  woman  whose  entire  body,  except  the  soles 
and  palms,  was  bronzed. 

In  keeping  with  this  class  of  cases  are  the  many  in  which  lesions 
of  the  sympathetic  paths  and  ganglia  are  diseased,  thus  interrupting 
the  impulses  from  the  pituitary  body  to  the  adrenals.  Thus,  Saundby^'' 
refers  to  4  cases  in  which  the  semilunar  ganglia  were  found  diseased. 
Thiroloix,  Sandmeyer,^^  Cavazanni--"  and  others  have  since  reported  cases 
in  which  the  sympathetic  structures  were  deeply  involved. 

Myxoedema,  interpreted  from  my  standpoint,^'  is  the  typical  syn- 
drome of  failure  of  the  adrenal  system.  Talbot  Jones,^-^  in  a  clinical 
paper,  concluded  over  ten  years  ago,  that  "there  are  striking  patho- 
logical analogies  between  true  diabetes  and  myxoedema,"  and  that  "in 
the  latter  disease,  success  has  also  attended  both  injections  and  thyroid 
grafting — a  success  achieved  not  only  in  animals,  but  also  in  man." 
That  the  two  conditions  may  occur  simultaneously  is  shown  by  2  cases 
reported  by  A.  Gordon--"  in  brothers,  in  both  of  which  thyroid  extract 
proved  highly  beneficial.  Conversely,  we  have  seen  by  the  eases  of 
Ewald  and  Strasser  that  when  glycosuria  does  not  exist  in  such  cases 
it  may  be  brought  on  by  giving  thyroid  extract,  i.e.,  by  stimulating  too 
vigorously  a  torpid  adrenal  center.*  This  involves  an  important  dis- 
tinction when  treatment  is  to  be  instituted.  We  will  see  that  it  is  only 
in  the  asthenic  type  that  thyroid  extract  is  indicated,  and  that  as  ob- 
served by  MurrelP™  "its  administration  should  be  maintained  just  as  in 
myxoedema." 

The  asthenic  glycosuria  due  to  traumatism  is  the  result  of 
concussion  of  the  sensorium  commune,  i.e.,  the  aggregate  of 
highly  differentiated  centers  of  the  posterior  pituitary,  of  which 
the  sympathetic  center  is  the  most  sensitive.*  As  a  result  of 
this  concussion  and  the  general  shock  it  entails,  the  vessels  are 


*  Author's  conrlusion. 

2i»Kuhn;    Munch,  med.  Woch.,  Bd.  xlix,  S.  103,  1902. 
22"  Earth:    Bull,  de  la  Soc.  anat.,  vol.  Ixii,  p.  560,  1888. 

de  Massary:    Ibid.,  vol.  Ixx,  p.  594,  1895. 
222Lepme:    Revue  de  med.,  vol.  xxvi,  p.  537,  1906. 
223Miini:    Rev.  < rit.  de  clin.  med.,  Mar.  16,  1901. 
224  Saundby:   Loc.  cit. 

226  Sandmeyer:    Miinch.  med.  Woch.,  vol.  xxxviii,  p.  .309,  1891. 

22«  Cavazanni :    Centralbl.  f.  allg.  Pathol,  u.  pathol.  Anat.,  Bd.  iv,  S.  501, 
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relaxed,  and,  blood  accumulating  in  the  larger  vessels  and  de- 
pleting the  capillary  system,  the  functions  of  the  pancreas  and 
liver,  among  other  organs,  are  inhibited.*  Traumatic  glycosuria 
may  be  temporary,  but  it  may  also  persist  and  ultimately  ter- 
minate the  patient's  life,  owing  mainly  to  gradual  atrophic  de- 
generation of  the  pancreas  similar  to  that  observed  in  asthenic 
glycosuria  due  to  other  causes.* 

Injuries  may  also,  by  causing  concussion  of  the  pituitary 
body  and  inhibition  of  what  functional  activity  a  diseased  pan- 
creas may  still  retain  in  an  advanced  case  of  diabetes,*  hasten 
the  fatal  termination  of  that  case. 

That  general  concussion — including  the  most  delicate  centers  of 
the  organi  vn,  those  of  the  pituitary  body — should  attend  traumatisms 
is  suggested  by  the  general  asthenia  observed  in  such  cases.  The  promi- 
nence of  nen'ous  phenomena,  which  has  caused  this  form  of  glycosuria 
to  be  included  among  the  traumatic  neuroses,  points  in  the  same  direc- 
tion. Ebstein,^^  in  reporting  a  case  of  fatal  diabetes  due  to  a  general 
concussion  received  during  a  railway  accident,  concluded  after  a  com- 
prehensive study  of  the  subject,  that  "numerous  cases  recorded  in  medi- 
cal literature  show  that  between  trauma  and  diabetes,  as  well  as  between 
trauma  and  fimctional  disturbances  of  the  nervous  system,  there  exists 
a  causal  relation."  If  we  were  dealing  with  cerebral  concussion,  mental 
phenomena  should  develop  at  once  in  every  instance;  but  such  is  not 
the  case.  The  unconsciousness  of  shock  is  due  to  depletion  of  the  cere- 
bral vessels,  somnolence  likewise,  melancholia  to  hyponutrition — all  con- 
ditions which  bring  us  back  to  the  sympathetic  center.  We  have  seen 
also  that  in  acromegaly  all  disorders  of  sensibility  are  traceable  to  the 
neural  lobe  of  the  pituitary  body.  As  stated  by  Bernstein-Kohan,"^ 
after  a  study  of  45  cases,  disturbances  of  sensibility  are  frequently  ob- 
served in  cases  of  diabetes  following  injurj'.  That  fatal  diabetes  may 
occur  without  injury  of  the  bulbar  centers  is  illustrated  by  a  case  of 
Vogel's  mentioned  while  discussing  a  paper  by  Ziemssen-"  in  which  it 
followed  the  fall  of  a  beam  on  the  neck.  The  glycosuria  which  appeared 
a  few  weeks  after  the  injury  was  ascribed  to  concussion  of  the  spinal 
cord,  though  no  lesions  were  found  in  this  organ  or  in  the  medulla. 
That  its  governing  center,  the  pituitary  body,  should  have  borne  the 
brunt  of  the  shock  seems  logical  in  view  of  the  fact  that  the  slightest 
irritation  of  this  organ,  as  shown  by  the  experiments  of  Cyon  and 
Masay,^  will  bring  about  widespread  vascular  phenomena. 

It  is  generally  impossible  to  assert  that  sugar  was  not  present  in 
the  urine  before  the  injury  was  received.  LoisneP^  reported  a  case, 
however,  in  which  the  urine  had  been  examined — owing  to  a  slight  gas- 
tric disorder — with  negative  result,  two  months  before  the  injury,  a  fall 
on  the  back,  was  received.  Within  a  few  weeks  after  the  latter,  glyco- 
suria developed  and  the  patient  died  of  diabetic  coma  two  months  later. 
In  such  a  case  the  slow — and  many  of  the  same  kind  are  available  in 
literature — process  of  hyaline  degeneration  and  fibrosis  of  true  diabetes 
has  no  time  to  occur. 


*  Author's  conclusion. 

^siEbstein:    Deut.  Archiv  f.  klin.  Med.,  Bd.  liv,  S.  305,  1895. 
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Cyon  and  Masay:    Cf.  this  vol.,  p.  983. 
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The  entire  history  of  such  cases  points  to  shock  and  inhibited  func- 
tion and  nutrition.  Suggestive  in  this  connection  is  the  fact  that  trau- 
matisms of  the  head  are  more  frequently  followed  by  glycosuria  than 
when  located  elsewhere.  In  Bernstein-Kohan's  series  of  45  cases,  25 
were  due  to  head  injuries.  Higgins  and  Ogden,""  in  a  study  of  212 
reported  cases  of  traumatism  of  tne  head,  found  that  glycosuria  had  been 
present  in  20. 

Asher-^'  and  other  authors  place  the  spine  and  sacral  region  imme- 
diately after  the  head.  Shock,  asthenic  and  inhibited  function  are  well 
exemplified  by  one  of  von  Gadden's'-'^  cases,  a  fall  on  the  head — there 
was  extreme  weakness  and  emaciation.  Immediately  after  the  fall,  the 
patient  suffered  from  intense  thirst,  and  his  urine  contained  7  per  cent, 
of  sugar. 

That  shock  and  inhibited  function  are  also  the  pathogenic  factor  in 
true  diabetes  is  also  showTi  by  recorded  eases.  Spitzer,-'"  for  example, 
instances  a  woman  who  had  suffered  from  diabetes  for  five  years,  and 
who  developed  coma  three  hours  after  fracturing  her  clavicle;  sodium 
bicarbonate  administered  in  large  doses  did  not  prevent  a  fatal  issue. 
Litten^*"  reported  the  case  of  a  diabetic  who  fell  and  bruised  his  testicle; 
some  days  afterward  he  developed  acute  digestive  symptoms,  and  died 
of  coma  ten  days  after  the  accident. 

Fright  usually  causes  but  a  temporary  glycosuria.  Lorand,-"  how- 
ever, reported  two  cases  which  proved  fatal :  one  in  a  woman  of  35 
years,  who  had  been  well  before  the  fright  was  experienced.  Weakness 
appeared  the  same  day;  polyuria  and  glycosuria  (7  per  cent.)  five  days 
later,  followed  by  death  in  one  year.  The  second  occurred  in  a  girl  of 
16  years,  also  in  perfect  health  before  the  fright.  Soon  afterward  gastric 
disorders  and  emaciation  occurred  and  her  urine  ultimately  showed  8 
per  cent,  of  sugar.    The  case  proved  fatal  in  a  few  months. 

The  history  of  these  cases  clearly  points  to  the  nature  of  the  mor- 
bid process.  As  stated  by  Herter-"  in  respect  to  the  glycosuria  follow- 
ing head  injuries,  it  must  be  assumed  either  that  the  pancreas  is  also 
involved,  or  that  the  circulation  in  the  liver  has  been  permanently 
changed  in  such  a  way  that  no  carbohydrate  can  be  stored.  Interpreted 
from  my  standpoint,  the  central  shock  impairs  the  nutrition  of  the  pan- 
creas, and  its  fimctions  being  inhibited,  the  alimentary  starches  are 
directly  converted  into  sugar  and  eliminated  precisely  as  is  the  case 
after  removal  of  the  pancreas. 

It  is  in  this  form  of  glycosuria  that  the  pancreas  is  often 
found  free  from  lesions  post-mortem,  while  in  the  cases  of  rela- 
tively prolonged  duration,  the  organ  presents  all  the  evidences 
of  atrophy. 

The  absence  of  lesions  of  the  pancreas  in  cases  of  diabetes  has  led 
Hansemann^"  to  classify  them  separately.  As  such  a  group  would  con- 
tain cases  of  incipient  diabetes  as  well  as  cases  of  asthenic  glycosuria, 
such  a  subdivision  is  not  desirable.  Nevertheless,  it  emphasizes  the  fact 
that  glycosuria  is  often  unaccompanied  by  pancreatic  lesions.  William- 


Higgins  and  Ogden:   Boston  Med.  and  Surg.  Jour.,  Feb.  28,  1895. 
Asher:    Vierteljahresschrift  f.  gericht.   Med.  u.  Sanitatswesen,  Bd.  viii, 
S.  219;    Bd.  ix,  S.  1,  1895. 

238  von  Gadden:  Friedreich's  Blatter  f.  gerichtl.  Med.  u.  Sanitats-Polizei, 
Bd.  1,  Hft.  1,  1899. 

230Spitzer:    Deut.  med.  Woch.,  Bd.  xxvi,  S.  756,  1900. 
2<»Litten:    Soc.  med  intern,  de  Berlin,  Apr.  29,  1901. 
2"Lorand:    St.  Petersb.  med.  V^^och.,  Jahrg.  xxviii,  S.  223,  1903. 
2*2Herter:    Med.  Record,  Feb.  9,  1901. 
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son^"  in  a  series  of  15  cases  in  which  autopsy  was  performed  with  espe- 
cial care,  macroscopically  and  microscopically  found  the  pancreas  normal 
in  7  instances  and  the  seat  of  simple  atrophy  in  2.  In  23  autopsies 
mentioned  by  M.  B.  Schmidt^^'*  the  pancreas  was  normal  in  8  and  mark- 
edly atrophied  in  only  1  instance.  Mollard-"  also  reported  a  case  of 
wasting  diabetes  in  wliich  the  pancreas  was  found  in  a  perfectly  healthy 
condition. 

Treatment. — That  the  indications  in  asthenic  glycosuria 

should  be  precisely  the  converse  of  those  of  the  sthenic  type, 

diabetes  mellitus,  is  now  self-evident.*    We  have,  therefore, 

practically  a  specific  in  thyroid  extract  irrespective  of  the  cause 

of  the  asthenia.*    Even  the  concussion  of  the  delicate  centers  of 

the  sensorium  commune  is  counteracted  by  this  agent,  since  the 

increase  of  thyroidase  it  insures  promptly  increases  sensibility, 

while  by  stimulating  the  test-organ  and  the  adrenal  center,  it 

promotes  general  oxygenation,  including  that  of  the  depressed 

centers.*    It  may  be  given  in  3-grain  (0.3  gm.)  doses  every 

three  hours,  increased  to  5-grain  (0.3  gm.)  doses  if  necessary, 

whatever  be  the  cause  of  the  asthenia.* 

The  use  of  thyroid  extract  in  glycosuria  has  been  practically  aban- 
doned, owing  to  the  fact  that  it  increased  the  excretion  of  sugar  in  many 
instances.  The  reason  for  this  is  self-evident  in  the  light  of  my  views: 
it  was  used  empirically,  and  as  the  majority  of  cases  of  glycosuria  are 
of  the  sthenic  type,  the  trouble  was  aggravated.  In  true  asthenic  cases, 
however,  it  is  quite  effective.  Thus,  Lepine^"  obtained  marked  improve- 
ment in  the  case  of  an  obese  patient,  although  at  first  the  sugar  in- 
creased. In  a  case  due  to  shock,  in  which  considerable  lose  of  flesh  and 
the  typical  symptoms  of  diabetes  were  present,  MurrelP**  obtained 
marked  benefit  from  thyroid,  but  its  use  had  to  be  persisted  in  as  in 
myxoedema.  Under  its  use  health  was  maintained,  though  the  patient 
"did  not  diet  herself."  J.  McNamara""  found  that  thyroid  extract  was 
able  to  cause  disappearance  of  the  sugar  in  such  cases,  several  of  which 
he  had  had  occasion  to  treat.  He  concluded  that  inasmuch  as  there  was 
diminution  of  fat,  the  thyroid  produced  its  beneficial  effects  by  promot- 
ing metabolism. 

A  striking  confirmation  of  the  value  of  adrenal  stimulants 
in  a  class  of  cases  which  can  only  be  of  the  asthenic  type*  is 
afforded  by  the  recognized  efficiency  of  potassium  iodide  in  some 
cases,  especially  those  clearly  traceable  to  syphilis.  An  impor- 
tant distinction  is  necessary  here,  however.  We  have  seen  that 
large  doses,  by  sensitizing  the  depressor  nerve,  inhibit  the  func- 
tions of  the  pituitary  body  and  of  the  thyroid  apparatus.*  The 

•  Author's  conclusion. 

Williamson :    Lancet,  Apr.  14,  1894. 
MS  M.  B.  Schmidt:   hoc.  cit. 
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best  effects  are  obtained  in  asthenic  glycosuria  by  giving  small 
doses  of  iodide,  namely  5  grains  (0.3  gm.)  in  a  glassful  of  water 
after  meals,  and  gradually  increasing  the  dose  until  10  grains 
(0.6  gm.)  are  administered  in  the  same  manner.*  The  bin- 
iodide  of  mercury  is  preferable  when  the  centers  require  more 
active  stimulation,  grain  (0.004  gm.)  three  times  daily,  care- 
fully watched,  to  prevent  salivation.* 

The  statement  in  text-books  that  iodine  or  the  iodides  should  not 
be  given  after  meals  because  it  forms  an  iodide  of  starch  with  that  con- 
tained in  bread,  vegetables,  etc.,  is  not  sustained  clinically.  I  have 
seen  iodism  caused  by  one-drop  doses  of  pure  iodine  thus  given.  The 
value  of  the  iodides  in  the  syphilitic  form  of  diabetics  requires  no  evi- 
dence. This  applies  as  well  to  the  use  of  mercury,  which,  as  is  well 
known,  increases  promptly  the  functional  activity  of  the  pancreas  (by 
increasing  general  metabolism,  I  would  add),  the  end  in  view. 

The  diet  should  in  no  way  be  reduced  in  such  cases,  the  aim 
being  to  enhance  the  vital  process.  Tonics  are  in  order,  espe- 
cially strychnine  and  quinine^  which  stimulate  both  the  vascular 
and  adrenal  centers.* 


*  Author's  conclusion. 


CHAPTER  XXVII. 


THE  INTERNAL  SECRETIONS  IN  THEIR  RELATIONS 
TO  PATHOGENESIS  AND  THERA- 
PEUTICS (Continued). 

THE  ADRENAL  SYSTEM  IN  THE  INFECTIOUS  DISEASES  OF  THE 

LUNGS. 

Tuberculosis,  unlike  cancer  and  pneumonia,  shows  a 
steadily  diminishing  mortality,  thanks  mainly  to  the  painstaking 
labor  that  has  been  devoted  to  its  prophylaxis.  About  one  death 
in  seven  is  still  due  to  this  fell  disease,  however,  and  when  the 
fact  that  it  assails  mainly  adolescents  and  young  adults  is  taken 
into  account,  it  niay,  without  reserve,  still  be  regarded  as  the 
greatest  enemy  of  mankind. 

That  the  adrenal  system  plays  a  role  of  the  greatest  magni- 
tude in  the  cure  of  tuberculosis  was  suggested  in  the  first  vol- 
ume. As  to  predisposing  conditions,  I  stated  (1903)  therein:^ 
"Insufficiency  of  the  adrenals"  ....  "by  reducing  the  oxida- 
tion processes  correspondingly  reduces  the  nutrition  of  the  pul- 
monary tissues:  a  predominating  feature  of  phthisis;"  again :- 
"It  is  not  in  the  lungs,  therefore,  that  the  primary  endogenous 
cause  of  the  disease  must  be  sought,  but  in  the  adrenal  system." 
As  to  the  mode  of  infection,  I  emphasized  the  f act^  that  "as  soon 
as  the  tubercle  bacillus  is  admitted,  it  becomes  an  additional 
source  of  adrenal  insufficiency"  through  toxins  "which  react 
upon  the  anterior  pituitary  body  precisely  as  w^ould  any  other 
equally  virulent  poison."  As  to  treatment,  I  urged  that  "medi- 
cation calculated  to  raise  or  develop  the  functional  activity  of 
the  adrenal  system  to  a  high  standard  must,  in  the  light  of  the 
views  submitted,  not  only  prevent  the  development  of  piilmonary 
or  any  other  form  of  tuberculosis,  but  arrest  it  in  its  earlier 
stages."  The  role  of  Koch's  tuberculin  in  the  diagnosis  and 
cure  of  the  disease  was  also  stated*  to  give  rise  to  a  "febrile  reac- 

1  Cf.  vol.  i,  p.  478. 

2  Cf.  vol.  i,  p.  773. 
«  Cf.  vol.  1,  p.  775. 

*  Cf.  vol.  i,  p.  635  et  seq. 
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tion  when  a  tuberculous  process  is  present,  because  it  adds  to 
the  toxic  elements  incident  upon  the  disease,  a  new  source  of 
adrenal  activity."  ....  "Spurred  to  unusual  energy  by  the 
tuberculin,  the  adrenal  system  excites  a  correspondingly  active 
metabolism  in  all  cellular  structures,  including  those  endowed 
with  leucocytogenesis.  Phagocytes  and  alexins  are  produced 
in  profusion,  the  fixed  endothelial  and  the  connective-tissue  cells 
contributing  their  share  to  the  production  of  the  latter,  and 
there  is  thus  constituted  a  serum  which  confers  upon  the  treated 
individual  a  degree  of  immunity  commensurate  with  the  degree 
of  the  reaction  produced  in  the  adrenals." 

All  these  statements  were  published  in  January,  1903.  We 
have  seen  how  accurately  the  able  researches  of  Sir  A.  E.  Wright 
harmonize  with  and  sustain  them,  though  this  observer  was  un- 
aware of  the  source  of  the  "internal  secretion"  which  he  con- 
siders as  the  "bacteriotropic"  or  immunizing  substance,  which 
accumulates  in  the  blood  after  tuberculin  inoculations.  We  will 
now  see  that  the  views  I  advanced  over  four  years  ago  are  sus- 
tained by  the  suggestive  fact  that  they  account  for  every  phase 
of  the  morbid  process  and  for  many  isolated  experimental  and 
clinical  observations  which  have  only  tended — without  the 
adrenal  system — to  increase  the  complexity  of  the  question  as  a 
whole. 

The  evidence  submitted  in  the  following  pages  appears  to 
me  to  show  conclusively  that  the  disease  is  not  the  unconquer- 
able foe  that  it  is  generally  thought  to  be,  and  that  with  the 
adrenal  system  as  the  foundation  of  the  curative  process,  and 
remedies  which,  as  I  have  shown,  can  control  the  workings  of 
this  system,  and  through  it  the  body's  bacteriolytic  and  anti- 
toxic agents,  we  can  and  should  curb  the  disease  and  finally 
obliterate  it. 

PULMONARY  TUBERCULOSIS. 
Synonyms. — Consumption;   Phthisis;   Phthisis  Pulmon- 

alis. 

Definition. — Tuberculosis  is  due  primarily  to  the  presence 
and  multiplication  in  the  body  of  Koch's  bacillus  tuberculosis. 
Its  characteristic  phenomena  are  provoked  by  two  endotoxins 
"which  the  dead  body  of  this  bacillus  liberates:   (1)  a  poison 
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of  unknown  identity  which  depresses  directly  the  test-organ  and 
through  it  the  adrenal  system,  thus  inhibiting  the  protective 
functions  of  this  system;  (2)  a  nucleo-proteid  rich  in  phos- 
phorus which,  when  in  contact  with  pulmonary  or  other  living 
tissues,  abstracts  their  oxygen,  thus  forming  areas  of  necrosis. 
The  tubercles  which  characterize  this  disease  are  coverings  for 
the  necrosed  areas  and  the  remnants  of  the  pathogenic  organ- 
isms, but  which,  if  some  of  the  bacilli  be  still  living,  may  be- 
come centers  of  infection.** 

Symptoms  and  Pathology. — The  early  signs  usually  de- 
scribed are  in  reality  those  of  a  fully  developed  disease,  when 
local  lesions  are  sufficiently  marked  to  compromise  the  issue. 
A  more  or  less  purulent  expectoration,  the  haemorrhages,  etc., 
point  to  a  process  of  disintegration,  i.e.,  to  a  period  in  which 
infection  has  made  considerable  headway. 

Notwithstanding  the  diagnostic  value  of  the  tubercle  bacillus,  to 
await  the  demonstration  of  its  presence  in  the  sputum,  as  is  so  often 
done,  before  establishing  a  diagnosis,  is  to  compromise  the  patient's  life. 

When  the  symptoms  are  such  as  to  suggest  the  need  of  examining 
the  sputum,  they  are  sufficiently  threatening  to  impose  upon  the  phy- 
sician the  duty  of  instituting  at  once  measures  that  will  tend  to  arrest 
the  lethal  trend.  The  absence  of  tubercle  bacilli  in  the  sputum  doea 
not  prove  the  absence  of  the  disease  either  in  the  lungs  or  elsewhere; 
the  presence  of  these  germs  only  serves  to  place  the  diagnosis  on  a  surer 
footing. 

The  incipient  or  first  stage  is  due  to  lowered  nutrition  of 
the  body  at  large,  as  shown  by  a  more  or  less  rapid  emaciation, 
general  weakness  and  several  other  early  symptoms.  There  is 
often  marked  pallor  of  the  skin  and  mucous  membranes,  espe~ 
cially  those  of  the  palate  and  larynx;  a  tendency  to  hypother' 
mia  (replaced  by  fever  when  the  morbid  process  is  more  ad- 
vanced), cold  extremities  and  sensitiveness  to  cold,  particularly 
in  young  girls  and  children,  the  temperature  declining  one  or 
two  degrees  (F.)  at  various  times  of  the  day  or  remaining  low 
days,  or  even  weeks,  at  a  time;  afebrile  tachycardia,  the  pulse 
being  from  ten  to  twenty  beats  higher  than  normal,  associated 
with  lowered  blood-pressure  and,  in  cases  in  which  the  latter 
symptom  is  marked,  passive  sweating. 

That  the  deficient  nutrition  is  primarily  due  in  this  disease 
to  an  inadequate  supply  of  adrenoxidase*  is  shown  by  the  readi- 


♦  Author's  conclusion. 
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ness  with  which  such  a  condition  accounts  for  the  symptoms. 
Thus,  a  deficiency  of  oxygen,  by  reducing  the  functional  activity 
of  all  organs,  must  inhibit  digestion,  leucocytosis,  and  reduces, 
therefore,  the  amount  of  food  taken  by  the  leucocytes  from  the 
alimentary  canal  and  carried  to  the  tissues,  thus  causing  emaci- 
ation.* The  muscular  tissues  being  insufficiently  nourished, 
weakness  follows.  The  muscular  coats  of  the  arteries  and 
veins  being  similarly  influenced,  they  relax,  causing  lowering  of 
the  blood-pressure,  while  this  fall,  in  turn,  causes  accelera- 
tion of  the  heart's  action  (Marey's  law),  i.e.,  tachycardia.* 
When  the  muscular  debility  is  excessive,  relaxation  of  the  spiral 
muscles  of  the  sweat-glands  gives  rise  to  sweating — especially 
at  night,  when  all  the  muscular  elements  are  most  relaxed.* 
All  these  symptoms  are  also  due  in  part  to  the  recession  of  blood 
from  the  periphery  and  its  accumulation  in  the  large  internal 
vessels,  especially  those  of  the  splanchnic  area,  as  a  result  of 
the  general  vasodilation.*  The  capillaries  of  the  skin  being  thus 
rendered  ischemic,  the  pallor,  hypothermia,  sensitiveness  to 
cold,  etc.,  are  markedly  aggravated.* 

Of  all  these  symptoms,  those  most  frequently  met  with  dur- 
ing the  incipient  stage  are  the  rapid  pulse  and  tachycardia, 
emaciation,  pallor  of  the  skin  and  mucous  membranes,  slight 
cough  and  lassitude.  When  they  are  encountered  in  a  sub- 
ject predisposed  to  the  disease  through  inheritance,  or  who  has 
been  exposed  to  contamination,  the  case  should  be  considered 
as  one  of  tuberculosis  as  far  as  treatment  is  concerned.*  The 
diagnosis  becomes  positive,  however,  irrespective  of  the  absence 
of  tubercle  bacilli,  when  in  addition  to  these  signs,  the  muscu- 
lar atrophy  is  sufficiently  marked  to  cause  cog-wheel  inspiration, 
drooping  of  the  shoulders,  with  diminished  expansion  espe- 
cially marked  in  the  infraclavicular  space,  and  abnormal  projec- 
tion of  the  scapulae;  and  if,  moreover,  one  of  the  tuberculous 
stigmata,  a  long,  narrow,  cylindrical  or  flat  thorax,  cutaneous 
tuberculosis,  anal  or  ischio-rectal  fistulae  and  especially  enlarged 
axillary  glands  in  adults  and  the  tracheo-ironchial  glands  in 
children,  is  present.* 

These  various  phenomena  (those  given  in  italics)  consti- 
tute collectively  an  autonomous   symptom-complex  differing 
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from  the  stage  next  to  be  described  in  that  every  symptom 
exemplifies  organic  weakness.  The  incipient  stage,  therefore, 
is  essentially  one  of  functional  depression.* 

The  emaciation,  weakness,  ansemia  and  pallor  are  familiar  symp- 
toms owing  to  their  persistence  throughout  the  disease.  The  important 
feature  in  this  connection,  however,  is  to  detect  them  before  the  onset 
of  the  pulmonary  lesions. 

That  impaired  nutrition  is  closely  related  with  an  abnormal  state 
of  the  blood  is  shown  by  the  state  of  the  latter.  Grawitz'^  found  that 
at  the  onset  of  the  disease,  there  was  diminution  of  the  red  corpuscles. 
Rachford"  in  41  convent  girls  exposed  to  tuberculous  contagion  averaged 
63  per  cent,  of  haemoglobin;  he  asserts  that  pronounced  anaemia  in 
young  convent  girls  of  tuberculous  stock  warrants  a  diagnosis  of  tuber- 
culosis. Appelbaum'  found  that  particularly  in  tall,  rapidly  growing 
youths  with  a  poorly  developed  chest  "anaemia  is  present  in  the  first 
stage  of  tuberculosis;  the  erythrocytes  are  diminished  in  number,-  the 
haemoglobin  is  reduced,  the  specific  gravity  is  lessened  and  coagulation 
is  delayed."  Ullom  and  Craig*  also  found  that  before  the  formation 
of  cavities,  the  decrease  of  erythrocytes  and  a  relatively  greater  decrease 
in  haemoglobin  were  constant.  Hypothermia,  cold  extremities,  etc.,  are  a 
normal  outcome  of  such  a  condition;  as  observed  by  Weill,"  Vargas  and 
Negrie'"  and  others,  it  is  especially  marked  in  children  and  adolescents. 
Holmes"  regards  the  "subnormal  morning  temperature"  as  an  important 
sign. 

The  diminution  of  the  general  nutrition  is  made  evident  not  only 
by  emaciation,  but  often  by  atrophy  of  the  muscles.  Bompard"  observed 
diminution  of  volume,  subsidence  of  prominences  of  the  body,  exaggera- 
tion of  hollows,  loss  of  strength  and  diminution  of  electrical  contractil- 
ity, and  advises  chamber  gymnastics  "to  combat  this  form  of  muscular 
debility,  which  is  common  particularly  at  the  outset  of  the  disease." 
Carcassonne''  illustrated  by  a  number  of  cases  that  atrophy  of  the 
scapulo-thoracic  muscles  was  evident  before  percussion  or  ausculation 
revealed  any  sign  of  tuberculosis.  De  Renzi  and  Coop,'*  by  means  of 
Mosso's  myotonometer,  found  the  muscular  tonicity  reduced  from  the 
start,  even  though  nutrition  appeared  normal.  Cecconi''^  claims  that  it 
announces  an  early  active  manifestation  of  the  disease. 

The  heart  is  influenced  in  the  same  manner,  as  shown  by  its  dimi- 
nution in  size.  This  phenomenon,  first  observed  by  Laennec,  has  ever 
since  occupied  a  prominent  place  in  the  pathology  of  tuberculosis.  Louis,'' 
who  found  it  in  109  out  of  112  cases,  Bizot,  Rokitansky,  Brehmer"  and 
other  equally  prominent  clinicians  have,  in  fact,  attributed  phthisis  to 
its  influence.  G.  W.  Norris'*  in  an  able  paper  on  the  subject,  referring 
to  post-mortem  findings  at  the  Phipps  Institute,  states  that  they  tended 
to  show  that  "in  uncomplicated  cases  of  pulmonary  tuberculosis,  the 

*  Author's  conrlusion. 
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heart  is  subnormal  in  size  in  quite  a  considerable  number  of  cases,"  an 
observation  also  strongly  sustained  by  a  fluoroscopic  study  of  90  cases 
by  Bouchard  and  Balthazard."  Norris  lays  stress,  moreover,  on  the  fact 
that  "the  heart  of  tuberculous  individuals  is  often  small,  not  as  the 
result  of  hyperplasia,  but  from  atrophy  or  degeneration  of  its  substance." 
This  fact,  he  adds,  "has  long  since  been  sufficiently  pointed  out  by  Louis, 
Andral,  Kidd,  Bennet,  Quain,  Strumpell,  von  Leyden,  and  has  been 
observed  by  all  who  have  given  attention  to  the  matter."  That  deficient 
general  nutrition  is  the  underlying  cause  of  this  condition  has  been 
emphasized  by  Brehmer,  Potain  and  others. 

Interpreted  from  my  standpoint,  an  additional  cause  for  the  small- 
ness  of  the  heart  prevails.  A  prominent  symptom  of  the  incipient  stage, 
we  have  seen,  is  a  low  blood-pressure.  Thus,  Marfan'"  found  it  sub- 
normal in  97  per  cent,  of  the  cases  examined.  Goodno'^  also  states  that 
while  "the  normal  pressure  in  a  healthy  man  is  15  to  18  cm.,  in 
incipient  tuberculosis  it  falls  to  13,  12  or  even  10  cm., — a  fact 
noted  by  many  investigators.  If  we  recall  that  this  entails  accumula- 
tion of  the  blood  in  the  great  central  trunks,  i.e.,  the  splanchnic  area, 
at  the  expense  of  the  peripheral  circulation,  it  will  become  apparent 
that  the  volume  of  blood  which  the  heart  has  to  transmit  to  the  peri- 
phery each  time  it  contracts,  must  be  correspondingly  reduced.  As 
a  result  its  expansion  or  diastole  is  diminished  ( its  systole  being 
commensurate  with  the  reduced  volume  of  blood)  and  it  carries  on 
its  functions  in  this  semi-contracted  state  months,  and  doubtless  years 
in  most  instances.*  That  it  should  be  found  in  this  state  post-mortem, 
especially  when  inadequately  nourished  during  a  corresponding  period, 
is  self-evident. 

The  rapid  pulse  or  tachycardia,  a  sign  to  which  many  clinicians, 
including  Potain,  Leyden,  Cornet  and  Loomis,  attach  great  importance, 
is  closely  related  to  this  process.  It  is  a  constant  accompaniment  of  low 
blood-pressure,  the  two  phenomena  being  related  through  a  nervous 
mechanism.  Thus,'  Leonard  HilP  states  that  "if,"  as  pointed  out  by 
Marey,^  "all  the  cardiac  nerves  be  intact,  a  rise  of  arterial  pressure 
always  slows  the  heart,  rnd  a  fall  accelerates  it."  The  nature  of  this 
functional  relationship  asserts  itself  when  the  reduced  volume  of  blood 
projected  by  the  heart  with  each  systole  is  taken  into  account:  it  is 
to  compensate  for  this  reduced  quantity  that  the  cardiac  pulsations 
are  reflexly  increased,  the  purpose  being  to  raise  the  quantity  of  blood 
passed  through  the  lungs  within  a  given  time  up  to  the  normal:  standard.* 

The  accumulation  of  blood  in  the  large  trunks  of  the  splanchnic 
area  by  depleting  the  peripheral  capillaries  is,  aside  from  the  diminution 
of  red  corpuscles  and  haemoglobin,  an  important  factor  in  the  production 
of  all  symptoms  of  the  incipient  stage,  i.e.,  pallor,  hypothermia  and 
chilliness,  muscular  weakness  and  atrophy — besides  the  tachycardia  in 
which,  we  have  seen,  it  plays  a  leading  role.* 

This  general  adynamia  is  the  result  of  two  concurrent  fac- 
tors :  the  first  of  these  is  the  presence  in  the  tubercle  bacillus 
of  a  toxin  (an  endotoxin,  since  it  is  active  after  death  of  the 
bacillus)  which  depresses  the  sensitiveness  of  the  test-organ.* 
The  functional  activity  of  the  adrenal  system  being  inhibited 

*  Author's  conclusion. 
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in  proportion,  general  metabolism  is  inadequate.*    This  entails 

also  deficient  formation  of  auto-antitoxin  and  a  corresponding 

fall  of  the  bacteriolytic  and  antitoxic  properties  of  the  blood.* 

This  is  well  shown  by  the  preliminary  effect  of  tuberculin,  as 
demonstrated  by  Sir  A.  E.  Wright,  who  states,^*  referring  to  his  own 
observations:  "Upon  the  inoculation  of  the  vaccine  there  supervened  a 
period  of  intoxication  which  is  characterized  by  a  decline  in  the  anti- 
bacterial power  of  the  blood.  This  negative  phase  is  more  or  less  pro- 
longed according  as  a  larger  or  smaller  dose  of  the  vaccine  is  inoculated." 
That  this  action  is  due  to  active  depression,  by  the  germ  or  its  endo- 
toxin, of  organic  functions  is  made  apparent  by  the  fact  that,  as  stated 
by  Professor  Lukis^  in  reference  to  Wright's  investigations:  "It  is 
found  that  injection  of  small  doses  of  Tuberculin  T.  R.  [an  emulsion 
of  dead  tubercule  bacilli]  causes  first  a  temporary  fall  in  the  opsonic 
index,  lasting  from  a  few  hours  to  as  much  as  14  days,  and  that  this 
fall  is  followed  by  a  prolonged  rise.  This  action  is  presumably  exactly 
the  same  as  that  caused  by  the  products  of  bacterial  activity  in  the 
course  of  phthisis,  the  characteristic  feature  of  which  is  that  in  the  early 
stages  you  find  periods  of  activity  alternating  with  periods  of  quiescence, 
these  alternations  being  associated  with  corresponding  variations  in  the 
opsonic  index."  These  alternations  are  characteristic  of  the  reactions 
of  the  adrenal  system,  as  we  have  seen  under  Epilepsy.  We  will  see, 
moreover,  that  a  similar  accumulation  of  wastes,  besides  detritus  inci- 
dent upon  the  tuberculous  process,  accounts  also  for  the  reaction  stage 
caused — indirectly — by  tuberculin.  That  the  direct  action  of  tuberculin 
is  to  depress  the  test-organ,  is  shown  by  the  fact  that  De  Vecehi  and 
Bolognesi^'  found  that  after  inoculation  with  tuberculous  material,  the 
chromatophile  cells  of  the  pituitary  body  showed  evidence  of  hypo- 
function. 

The  second  cause  of  adynamia  is  due,  even  in  this,  the 
incipient  stage,  to  the  presence  in  the  lungs  of  sufficiently  ad- 
vanced lesions  to  reduce  markedly  the  intake  of  oxygen. 

Insidiously,  or  giving  rise  perhaps  to  a  slight  though  stub- 
horn  reflex  cough,  tubercle  bacilli  have  been,  for  some  time  be- 
fore the  symptoms  enumerated  appear  at  all,  destroying  the 
functional  activity  of  the  air-cells  or  alveoli.  Here  they  caused 
the  formation  of  tubercles,  small  nodules  varying  in  size  from 
that  of  a  pin-point  to  that  of  a  millet-seed.  Located  from  the 
first  in  the  delicate  partitions  that  separate  the  minute  saccules 
or  air-vesicles  of  an  alveolus,  they  gradually  increase  in  number 
until  the  latter  and  the  terminal  bronchiole  leading  to  it  are 
filled  with  them.  As  tubercles  are  being  formed  simultaneously 
in  many  alveoli,  entire  lobules  (which  contain  several  alveoli) 
are  finally  rendered  useless,  the  respiratory  area  of  the  region 
involved  being  reduced  in  proportion.    Hence  the  presence  of 

*  Author's  conclu.iion. 
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another  major  symptom,  when  the  breathing  area  is  sufficiently 
compromised,  viz.,  dyspnoea,  which  occurs  at  first  only  during 
physical  exertion. 

The  development  of  the  tubercle  is  primarily  due  to  the 
local  irritation  which  the  bacilli  excite  in  the  connective  tissue 
and  epithelial  elements.  The  irritated  spot  attracts  numerous 
leucocytes,  many  of  which,  the  polynuclears  (some  being  phago- 
cytes), supply  the  trypsin  and  nucleo-proteid  which,  with  the 
adrenoxidase  and  thyroidase  secreted  by  the  red  corpuscles, 
form  auto-antitoxin.*  The  evident  purpose  of  this  process  is 
to  destroy  the  germs.* 

The  tuberculous  process  per  se,  i.e.,  the  formation  of  the 
tubercle,  is  due  to  the  disintegration  of  the  bacilli  in  the  alveo- 
lar walls  by  the  local  bacteriolytic  elements,  and  to  the  libera- 
tion of  their  main  endotoxin, — a  substance  which  enters  into 
the  composition  of  these  germs,  and  the  active  principle  of 
which  is  phosphorus.*  So  great  is  the  proportion  of  this  ele- 
ment in  the  solids  of  tubercle  bacilli  that  their  ashes  contain 
over  60  per  cent,  of  phosphoric  anhydride.  The  morbid  process 
is  aggravated,  moreover,  by  the  fact  that  these  bacilli  actively 
reduce  the  adrenoxidase  at  the  expense  of  the  tissues.* 

MaflFucci,  of  Pisa,"  found  that  culture  preparations  of  tubercle 
bacilli  contained,  when  the  bacilli  were  dead,  a  toxic  substance  which 
resists  the  action  of  time,  heat,  desiccation,  sunlight  and  gastric  juice. 
He  ascertained,  however,  that  it  is  not  a  product  of  bacillary  secretion, 
nor  derived  from  the  nutrient  medium,  but  a  poison  in  the  substance  of 
the  bacillus  itself,  and  liberated  when  the  germ  is  disintegrated.  A 
minute  dose  of  this  poison  sufficed  to  cause  "marasmus"  and  simul- 
taneously inflammation  and  necrosis  of  the  tissues,  and  other  lesions 
typical  of  tuberculosis  and  anaemia.  On  the  other  hand,  Hammersehlag 
showed  that  the  bacilli  produced  an  extract  which  contained  lecithin  (a 
body  containing  considerable  phosphorus)  capable  of  producing  death 
in  rabbits  and  guinea-pigs,  while  Levene^  found  that  the  body-substance 
of  the  tubercle  bacillus  not  only  contained  phosphorus,  but  a  body  rich 
in  this  element:  nucleo-proteid.  The  most  valuable  of  these  researches, 
however,  are  those  of  G.  E.  de  Schweinitz  and  Marion  Dorset.^"  They 
analyzed  the  ash  of  tubercle  bacilli  to  the  amount  of  1453  grammes  after 
the  manner  prescribed  for  plants,  and  found  that  it  contained  55.23  per 
cent,  of  phosphoric  anhydride  (PjO,),  a  proportion  which  was  raised 
to  60.90  in  a  subsequent  analysis  by  de  Schweinitz.  This  obviously 
indicates  that  pure  phosphorus  enters  for  a  large  share  in  the  composi- 
tion of  these  germs.  When  the  rapidity  with  which  they  multiply  is 
taken  into  account,  it  becomes  evident  that  under  conditions  that  favor 
their  proliferation  in  the  body  they  constitute  a  prolific  source  of  phos- 
phorus. 

*  Author's  conchinion. 

"Maffucci:   II  Policlinico,  vol.  ii,  p.  1,  1895. 
i^Levene:    Med.  Record,  Dec.  17,  1898. 

de  Schweinitz  and  Dorset:   National  Med.  Rev.,  May,  1898. 
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That  tubercle  bacilli  are  pathogenic  owing  to  their  phosphorus 
(doubtless  in  loose  combination  with  other  constituents)  is  shown  by 
the  similarity  of  their  effects  to  those  of  chronic  phosphorus  poisoning. 
Phosphorus,  as  is  well  known,  arrests  local  nutrition.  While  Cau^'  and 
others  found  that  this  was  due  to  oxidation  of  the  element,  Araki'*^ 
showed  that  lack  of  oxygen  was  a  prominent  feature  of  general  phos- 
phorus poisoning.  This  observation,  according  to  Cushny,--  "'confirms  the 
imprec-sion  of  many  earlier  writers."  This  author  also  states  that  "as 
soon  as  it  is  oxidized,  phosphorus  Ioecs  its  specific  action" — thus  restrict- 
ing to  the  element  itself  the  morbid  phenomena  witnessed.  Comparing 
these  phenomena  with  those  of  the  incipient  stage  of  tuberculosis — due,  in 
my  opinion,  to  the  bacterial  (a  loosely  combined)  phosphorus — the 
analogy  is  striking.  The  coagulation-necrosis  caused  by  the  tubercle 
bacillus  is  a  counterpart  of  that  caused  by  phosphorus.  As  to  the 
anaemia  and  diminution  of  red  corpuscles  and  haemoglobin,  Vogel,^ 
d'Amore  and  Falcone**  and  others  have  recorded  similar  effects  in  phos- 
phorus poisoning.  The  low  blood-pressure  and  rapid  heart-beat  are  like 
wise  present  in  the  latter  condition,  as  obsened  by  Pouchet  and  Cheva- 
lier," who  also  noted  that  large  doses  of  phosphorus  (orthophosphoric 
acid  being  used)  more  than  doubled  the  heart-beats.  Precisely  as  is 
the  case  in  tuberculosis,  PaP  found  that  the  lo.»-  blood-pressure  was  due 
to  dilation  of  the  vessels.  Magitot"  includes  among  the  symptoms  of 
chronic  poisoning  in  French  match-factories,  wasting  of  the  tissues. 

That  it  is  the  oxygen  of  the  adrenoxidase  that  is  consumed  in 
the  process  is  also  evident.  We  have  seen  that  Appelbaum  found  that 
in  tuberculosis  the  coagulation  of  the  blood  was  delayed — a  phenomenon 
due  to  deficiency  of  coagulating  ferment,  i.e.,  adrenoxidase;  now 
Cevidalli^  also  found  "diminution  and  disappearance  of  the  coagulating 
ferment"  in  slow  phosphorus  poisoning,  while  Araki'"  obser\-ed  that 
the  coagulability  of  the  blood  was  so  reduced  in  some  instances  that  it 
remained  fluid  forty-eight  hours  or  more. 

The  formation  of  the  tubercle,  therefore,  requires  the  death 
of  the  bacilli,  thus  liberating  their  principal  constituent,  phos- 
phorus.* This  element,  owing  to  its  intense  affinity  for  oxygen, 
becomes  oxidized  at  the  expense  of  what  adrenoxidase  may  be 
present,  but  when  this  source  fails,  it  takes  up  that  of  the  under- 
lying cellular  elements  (of  the  previously  irritated  area)  and 
provokes  a  local  coagulation  necrosis.*  Hence  the  almost  in- 
variable absence  of  even  dead  bacilli  in  the  necrotic  center  of  the 
tubercle,  though  they  may  be  present  in  large  quantities  in  the 
immediate  neighborhood.*  This  central  area  contains,  however, 
granular  masses  composed  of  disintegrated  ceU-nuclei  and  the 


*  Author's  conclu-fion. 
=0Cau:    These  de  Paris,  1901. 

siAraki:  Zeit.  f.  physlol.  Chem.,  Bd.  xvii,  S.  311,  1892-93;  Bd.  xix,  S.  422, 
t. 

"2  Cushny:    "Pharm.  and  Therap.,"  third  edition,  p.  603,  1899. 

s^Vogel:    Arch,  inter,  de  pharm.  et  de  therap.,  T.  x,  fasc.  iii  et  iv,  1902. 

«  d'Amore  and  Falcone:    Arch,  de  pharm.  de  Gand.  vol.  1,  p.  247,  1894. 

^  Pouchet  and  Chevalier:    Bull.  gen.  de  therap.,  vol.  cl,  p.  915,  1905. 

=«Pal:    ■Wiener  klin.  Woch.,  Bd.  ix.  S.  999,  1896. 

^'Magitot:    Therap.  Gaz.,  Sept.  16,  1895. 

38  Cevidalli:    Riforma  medica,  vol.  xviil,  Pt.  iv,  pp.  686,  699,  711,  1902. 
s»Araki:   LfOC.  cit. 
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remains  of  necrotic  tissue.  Surrounding  it  is  the  so-called  "gran- 
ulation-tissue" zone  which  in  reality  is  mainly  composed  of  the 
leucocytes  previously  referred  to  and  their  used  products.  Thus, 
the  framework  of  this  zone  is  a  network  of  tibrui,  a  substance 
formed,  we  have  seen,  when  nucleo-proteid  and  fibrin  ferment 
(adrenoxidase)  combine  to  form  a  clot.*  In  this  network  are 
imbedded  the  leucocytes,  remnants  of  fibrous  tissue,  granulation 
cells  and  their  nuclei,  the  whole  forming  around  the  necrotic 
focus  a  loose  capsule  which  gradually  fades  into  the  surrounding 
normal  tissues  or,  as  is  usually  the  case,  merges  with  adjoining 
tubercles. 

This  entire  process  is  an  inflammatory  one  from  start  to 
finish.*  This  is  further  shown  by  the  presence  in  most  in- 
stances, of  giant-cells,  which  occur  in  other  conditions  as 
sequels  of  inflammation.  They  consist  of  a  large  mass  of  pro- 
toplasm containing  numerous  nuclei,  and  are  similar  to  the 
giant-cells  of  bone  (osteoclasts)  known  to  be  phagocytic.  As 
they  surround  the  tubercles,  and  project  pseudopodial  processes 
into  them,  while,  moreover,  they  often  contain  detritus,  bacilli 
and  disintegration  products  of  the  latter,  their  evident  function 
is  to  act  as  phagocytes  ia  order  to  remove,  if  possible,  the  tuber- 
cular mass. 

If  this  auto-protective  process  fails  to  be  carried  out  suc- 
cessfully,* as  is  often  the  case  in  animals,  and  when  the  forma- 
tion of  tubercles  is  rapid,  the  central  necrotic  mass  becomes 
caseous,  a  feature  which  tends  to  cause  confluence  of  a  group 
of  tubercles.  Under  these  conditions  a  more  active  auto-pro- 
tective process  is  awakened,*  i.e.,  fibrous  encapsulation.  This 
is  brought  about  by  the  growth,  around  each  tubercle  or  aggre- 
gate of  tubercles,  of  cellular  connective  tissue  which  gradu- 
ally becomes  more  fibrous  as  its  cells  disappear.  Connective 
tissue  bands  and  a  thick,  fibrous  network  soon  invest  the  entire 
tuberculous  mass,  enclosing  necrotic  tissues,  cell-remnants  and 
even  the  giant-cells,  in  their  grasp.  The  caseous  material  dries 
and  shrinks,  and  is  finally  transformed  into  a  calcareous  and 
gritty  mass  enclosed  in  a  fibrous  cicatrix,  which  sometimes  in- 
cludes considerable  of  the  surrounding  tissues. 


*  Author's  conclusion. 
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The  large  proportion  of  phosphorus  that  the  tubercle  bacilli  con- 
tain has  suggested  that  their  pathogenicity  might  be  due  to  the  need 
of  phosphorus  as  food.  The  fact,  however,  that  they  are  tar  more  patho- 
genic when  dead,  conclusively  eliminates  such  a  conclusion. 

Koch*"  showed  that  dead  tubercle  bacilli,  when  injected  subcu- 
taneously  in  guinea-pigs,  produced  an  abscess.  Prudden  and  Hodenpyl" 
not  only  confirmed  this  result,  ascribing  the  action  to  a  "bacterio-protein" 
liberated  when  the  bacilli  were  disintegrated  in  the  tissues,  but  they 
obtained,  after  intraperitoneal  or  pleural  injections  of  an  emulsion  of 
bacilli,  nodules  of  various  dimensions.  The  center  of  these  nodules, 
composed  of  epithelioid  and  giant  cells,  contained  tubercle  bacilli  in  abun- 
dance, imbedded  in  creamy  material  and  surrounded  by  fibrous  tissue. 
This  was  confirmed  by  Straus  and  Gamaleia,''-  by  Vissman,'"'  who  con- 
cluded that  "tubercle  bacilli,  though  dead  and  therefore  deprived  of  the 
power  of  growth  and  metabolism,  can  still  originate  alterations  in  the 
tissues  resembling  in  every  detail  the  structure  of  a  fresh  tubercle;" 
by  Alfred  Masur,"  whose  experiments  showed  that  "the  bodies  of  dead 
tubercle  bacilli  contained  toxic  substances  which  are  to  be  regarded  as 
the  cause  of  the  changes  in  the  diseased  organs;"  and  finally  by  Stewart 
Stockman,"  who  found  that  the  soluble  products  of  the  tubercle  bacillus 
produce  little  effect  on  the  healthy  organism  and  that  the  dead  bacilli 
are  far  more  active  than  the  soluble  products. 

Again,  if  these  lesions  are  due  to  the  phosphorus  of  the  disintegrated 
bacilli,  they  should  correspond  with  the  local  changes  produced  by  this 
element.  Referring  to  phosphorus,  Cushny"  writes:  "Another  feature 
in  phosphorus  poisoning,  which  is,  however,  better  seen  after  repeated 
small  doses  than  after  a  single  large  one,  is  the  proliferation  of  the  inter- 
stitial connective  tissue  of  the  stomach,  liver  and  kidney,  which  finally 
induces  typical  cirrhosis  of  these  organs."  Baumgarten,"  on  the  other 
hand,  defines  a  tubercle  as  "the  result  of  proliferative  and  exudative 
changes."  Cushny  also  says,  referring  to  the  action  of  phosphorus  vapor, 
that  "many  pathologists  now  regard  this  proliferation  as  a  secondary 
result  of  the  necrosis  of  parenchyma  cells."  Abel,*^  on  the  other  hand, 
"by  the  injection  of  dead  tubercle  bacilli  into  the  tracheas  of  rabbits, 
found,  after  twenty-four  hours,  white  isolated  areas  in  the  bronchi  and 
alveoli  made  up  of  round  cells,  among  which  were  the  bacilli;  twenty- 
four  hours  later  these  were  necrotic  and  epithelial  proliferation  had 
begun."  E.  R.  Le  Count,"  from  whose  paper  Abel's  lines  are  quoted, 
remarks:  "Thus  we  find,  in  marked  contrast  to  one  another,  a  liqwf ac- 
tive necrosis,  which  we  recognize  under  the  more  common  term  of  suppura- 
tion, formation  of  fibrous  tissue  and  a  necrosis  without  liquefaction — 
three  distinct  processes  differing  from  one  another  anatomically  and 
histologically,  and  having  for  their  etiological  factor  the  poisonous  sub- 
stances present  in  the  bodies  of  the  dead  tvibercle  bacilli."  These  three 
processes  are  also  peculiar  to  chronic  phosphorus  poisoning,  the  liquefac- 
tive  necrosis  being  especially  marked  in  osseous  tissues.  Le  Count  also 
states  that  fibrin  (composed,  we  have  seen,  of  nucleo-proteid  and 
adrenoxidase)  is  "constantly  present"  in  the  tubercles  of  guinea-pigs, 
and  that  "the  frequent  presence  of  fibrin  in  genuine  tubercle  nodules  in 
human  beings  has  been  demonstrated  by  Werneck  de  Aquilar  in  Baum- 

^Koch:   Deut.  med.  Woch.,  Bd.  xvii,  p.  101,  1891. 

"Prudden  and  Hodenpyl:    N.  Y.  Med.  Jour.,  June  20,  1891. 

^Straus  and  Gamaleia:    Arch,  de  med.  exper.,  vol.  iii,  p.  705,  1891. 

*'Vissman:    Albany  Med.  Annals,  Dec,  1892. 

"  Alfred  Masur:    Munch,  med.  Woch.,  Bd.  xlil,  S.  249,  1895. 

^5  Stewart  Stockman:    Brit.  Med.  Jour.,  Sept.  3,  1898. 

Cushny:    Loc.  cit.,  fourth  edition,  p.  593,  1906. 
"  Baumgarten:    Cited  by  Falk:    Virchow's  Archiv,  Bd.  xxxix,  S.  319,  1895. 
*8Abel:    Deut.  med.  Woch.,  Bd.  xviii,  S.  482,  1892. 

Le  Count:   Jour,  of  Exp.  Med.,  Nov.  1897. 
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garten's  laboratory."  The  presence  of  fibrin  is,  in  fact,  generally  men- 
tioned in  text-books.  Even  the  fibrous  encapsulation  of  the  tubercle 
finds  its  counterpart  in  the  fibrous  indurations  which  terminate  the 
curative  process  in  lesions  caused  by  phosphorus. 

Suggestive  in  this  connection  is  the  predilection  of  matchworkers 
to  phthisis.  J.  Ewing  Mears™  states  that  "in  many  there  is  observed 
a  gradual  deterioration  of  physical  condition  as  manifested  in  loss  of 
flesh  and  vigor."  In  the  only  three  fatal  cases  to  which  he  refers,  "the 
immediate  cause  of  death  was  phthisis."  Ralph  Stockman^"^  states  that 
the  phosphorus  fumes  to  which  match-workers  are  exposed  "consist  of 
phosphorous  anhydride  (P4O0)  and  some  phosphoric  anhydride  (P2O5)" — ■ 
the  latter  being  the  form  found  in  the  ashes  of  tubercle  bacilli  by  de 
Schweinitz  and  Dorset,  as  we  have  seen.  After  referring  to  the  cases 
in  which  necrosis  affects  only  the  jaw-bones,  and  which  recover  after 
surgical  intervention,  he  writes:  "In  other  cases,  the  disease,  instead 
of  healing,  spreads  locally,  involving  more  bone,  the  patient  becomes 
cachectic,  feverish,  and  wasted,  and  ultimately  dies  of  pulmonary 
phthisis,  general  tuberculosis  or  some  other  tuberculous  affection."  Con- 
vinced by  this,  and  by  the  fact  that,  as  he  states,  "the  condition  generally 
is  exactly  similar  to  what  is  seen  in  tuberculosis  of  the  jaw  in  cattle 
and  in  tuberculous  disease  of  other  bones  in  man,"*  he  concluded  that 
the  cause  of  phosphorus  necrosis  was  the  tubercle  bacillus,  and  examined 
the  pus  from  six  cases  by  the  Ziehl-Neelsen  method,  finding  it  in  each 
instance.  He  says,  however,  that  "the  organisms  were  few  in  number 
and  difficult  to  find  except  on  the  closest  and  most  careful  examina- 
tion;" that  even  after  centrifugalization  and  utilization  of  the  sediment 
"sometimes  several  coverglasses  had  to  be  examined  before  any  of  the 
organisms  were  seen,"  and  finally  that  "inoculation  of  guinea-pigs  with 
the  pus  did  not  infect  these  animals  with  tubercle." 

In  view  of  the  data  I  have  submitted  in  the  foregoing  pages  and 
the  fact  that,  as  stated  by  Abbott,'^^  "there  is  a  group  of  bacilli  whose 
numbers  are  in  many  respects  so  like  the  genuine  bacillus  tuberculosis 
as  easily  to  be  mistaken  for  it,"  and  which  are  "characterized  by  the 
same  staining  peculiarities,"  while  "not  all  members  of  this  group  are 
capable  of  causing  disease,"  the  germs  observed  by  Ralph  Stockman 
evidently  belong  to  this  benign  class.  Indeed,  it  is  doubtful  whether 
cases  of  chronic  phosphorism  are  even  as  A'ulnerable  to  infection  as 
the  average  individual,  owing  to  the  immunizing  influence  of  their  febrile 
state.  On  the  other  hand,  when  we  consider  ( 1 )  that  as  Stockman 
says,  "the  accounts  of  post-mortem  examinations  of  fatal  cases"  show 
that  "in  most  cases  death  occurs  from  tuberculosis  of  the  lungs"  in 
match-workers,  and  that  the  fumes  of  phosphorus  which  they  inhale 
months,  or  years,  finally  provoke  a  general  disease  so  similar  to  pulmon- 
ary tuberculosis,  that  it  becomes  a  question  whether  the  bacillus  of  this 
disease  is  not  its  true  cause,  and  (2)  that  the  pathogenic  agent  of  the 
tubercle  bacillus,  in  the  light  of  the  evidence  adduced,  is  phosphorus, 
the  conclusion  seems  warranted  that  tuberculosis  is  a  phosphorus  necrosis 
of  the  pulmonary  tissues,  and  that  the  tubercle  is  naught  else  than  a 
capsule  for  the  necrosed  area,  calculated  to  isolate  it  from  the  surround- 
ing normal  tissues. 

The  second  stage  becomes  clearly  defined  when  the  deposit 

of  tubercles  is  sufficiently  great  to  modify  the  normal  sounds 

obtained  from  the  chest  by  auscultation  and  percussion. 

*  The  italics  are  my  own. — S. 

™  J.  Ewing  Mears:    Trans.  Amer.  Surg.  Assoc.,  vol.  iii,  p.  357,  1885. 
"Ralph  stockman:    Brit.  Med.  Jour.,  Jan.  7,  1899. 

^2  Abbott:    "Principles  of  Bacteriology,"  seventh  edition,  p.  363,  1905. 
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The  formation  of  the  tubercles  usually  begins  in  the  pul- 
monary structures  below  the  apex  of  either  lung  (not  neces- 
sarily the  left,  as  generally  believed),  or  of  both  lungs  simul- 
taneously, behind  the  middle  of  the  clavicle.  When  sufficient 
area  is  involved,  reliable  physical  signs  may  be  detected  on 
auscultation  immediately  below  the  clavicle,  above  it,  and  over 
the  supra-spinous  fossa  posteriorly,  namely,  roughness  of  the 
inspiratory  murmur,  coupled  with  lowering  of  its  pitch,  and, 
when  the  respiratory  field  is  greatly  reduced  in  the  area  exam- 
ined, muffling  of  the  vesicular  murmur  with  prolonged  or  Mow- 
ing expiration.  These  modifications  are  mainly  due  to  the  re- 
duction of  the  caliber  of  the  bronchioles  and  of  the  secondary 
air-passages  in  the  cavity  of  the  alveoli,  by  the  tubercles.  The 
detection  of  these  signs  is  facilitated  by  comparing  the  sounds 
heard  with  those  of  some  other  part  of  the  lung,  especially  the 
other  lobes  which  are  seldom  involved  early  in  the  disease.  It 
is  also  only  when  considerable  lung  tissue  is  involved  that 
dullness  on  percussion,  the  pitch  of  the  notes  being  somewhat 
raised,  and  increased  vocal  resonance — the  denser  tissues  being 
better  sound-conductors — become  clearly  defined.  The  cough 
in  this  stage  is  marked  in  proportion  as  the  various  factors 
which  oppose  the  elimination  of  the  excrementitious  materials 
pent  up  in  the  alveoli,  bronchioles  and  the  rest  of  the  bron- 
chial passages — viscidity,  mechanical  obstruction,  etc. — are 
great.  The  sputa  at  this  time  often  contain  small  grayish-green 
masses  which  originate  from  the  diseased  area  and  are  com- 
posed mainly  of  tubercles,  broken-down  leucocytes,  and  fibrin. 
Sputum  of  this  kind  usually  contains  tubercle  bacilli. 

Dyspnoea,  especially  marked  on  exertion,  and  increase  of 
the  respiratory  rale  are  prominent  symptoms  of  this  stage. 
They  are  due  not  only  to  the  diminution  of  the  respiratory  field 
owing  to  obliteration  of  the  air-cells  by  the  tubercles,  but  also 
to  the  deficiency  of  hemoglobin,  the  oxygen  intake  satisfying  the 
needs  of  the  body  only  when  it  is  in  repose.  Lassitude  also  be- 
comes more  marked,  owing  to  the  increased  muscular  weakness. 
The  latter  condition  may  now  cause  interrupted  or  cog-wheel 
inspiration,  the  muscles  being  too  weak  to  expand  the  chest, 
and  doing  so  by  Jerks  instead  of  by  means  of  their  usual  imper- 
ceptible contractions.    Another  result  of  muscular  weakness  is 
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dyspepsia,  the  muscular  layers  of  the  stomach  being  unable  ade- 
quately to  churn  its  contents  and  insure  its  passage  through  the 
pylorus.*  This  symptom  is  materially  aggravated  by  the  defi- 
ciency of  pepsin — due  to  the  deficiency  of  oxygen  in  the  blood 
and  the  resulting  torpor  of  all  cellular  functions,  including,  of 
course,  those  of  glandular  organs.  Diarrhoea,  owing  to  this  mor- 
bid condition  of  the  muscular,  glandular  and  epithelial  elements 
of  the  intestinal  canal,  may  also  occur:  a  prototype,  to  a  certain 
extent,  of  the  bronchorrhcea  so  often  mistaken  for  bronchitis.* 
In  young  girls,  the  same  general  adynamia  shows  itself  by  ab- 
sence or  diminution  of  menses,  and  in  a  large  proportion  of  cases 
by  anorexia — an  additional  source  of  emaciation  and  debility. 

Fever  is  another  important  symptom  of  the  second  stage. 
That  it  is  partly  due  to  auto-protective  overactivity  of  the 
adrenal  system  excited  by  the  pulmonary  lesions,  is  shown  by 
the  fact  that  although  it  is  of  a  continued  type,  it  is  attended 
with  evening  exacerbations,  the  fever  ranging  between  99.5° 
and  100.5°  F.  (37.50°  and  38°  C),  until  it  assumes  the  hectic 
type.  It  is  aggravated,  as  shown  under  Treatment,  by  vascular 
hypertension.*  In  markedly  debilitated  individuals  the  fluctu- 
ations may  range  from  a  subnormal  temperature  of  96.5°  P. 
(35.8°  C),  for  instance,  to  99°  F.  (37.2°  C).  The  brightness 
of  the  patient's  eyes  is  often  sufficiently  marked  to  suggest  this 
febrile  condition.  Profuse  night-sweats  are  commonly  observed 
during  this  stage,  but,  as  in  the  first  stage,  they  are  the  result 
of  the  nocturnal  depression  and  relaxation  of  the  spiral  muscles 
of  the  sweat-glands,  the  temperature  being  subnormal. 

Hcemorrhage  from  the  lungs  is  of  frequent  occurrence  dur- 
ing this  stage.  It  is  rarely  profuse,  being  due  to  involvement 
in  the  necrotic  process  of  an  area  of  capillaries  or  of  some  small 
arterial  twig.  Although  it  should  excite  suspicion  when  no 
other  symptom  of  tuberculosis  is  present,  it  does  not  necessarily 
indicate  the  presence  of  this  disease,  since  it  can  also  be  due  to 
cardiac  disorders,  vicarious  menstruation,  naso-pharyngeal 
■ulceration,  sarcoma  of  any  portion  of  the  respiratory  tract, 
aneurism,  arteriosclerosis  and  other  conditions.  Its  occurrence 
with  loss  of  weight,  dullness  at  either  apex  and  increased  vocal 
resonance,  however,  suggests  tuberculosis. 


*  Author's  conclusion. 
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Hoarseness  is  occasionally  the  initial  symptom,  but  ulti- 
mately develops  in  a  large  proportion  of  cases.  It  points  gen- 
erally to  involvement  of  the  larynx  in  the  tubercular  process, 
and  entails  considerable  suffering.  The  larynx  should  be  ex- 
amined, and  if  local  tuberculosis  is  to  develop,  the  tissues  over- 
lying the  arytenoid  cartilages  or  the  epiglottis  vi^ill  appear  cede- 
matous  and  swollen.  Spots  of  ulceration  may  also  be  present, 
but  these  are  more  apt  to  occur  in  the  interarytenoid  space. 
Pains  in  various  parts  of  the  chest,  changing  from  one  place  to 
the  other,  but  frequently  located  in  the  back  and  in  the  region  of 
the  scapula,  are  sometimes  complained  of.  Pleurisy  is  a  fre- 
quent complication  owing  to  contamination  through  contiguity ; 
it  is  also  characterized  at  the  outset  by  pain. 

In  doubtful  cases,  when  all  other  means  of  diagnosis  have 
been  exhausted,  tuherculin  may  be  tried.  Its  mode  of  action 
will  be  reviewed  under  Treatment. 

The  diazo-reaction  of  Ehrlich  is  of  but  little  value,  being 
often  obtained  in  other  diseases  and  only  in  tuberculosis  when 
the  morbid  process  is  sufficiently  advanced  to  be  readily  recog- 
nized by  ordinary  methods.  This  latter  conclusion  is  also  ap- 
plicable to  the  x-ray  method. 

Concerning  the  presence  of  lesions  in  both  apices,  singly  or  jointly, 
Tyson'*^  states  that  Osier  "out  of  413  cases  found  the  right  apex  involved 
in  172;  the  left  in  130;  both,  in  111."  He  also  refers  to  T.  G.  Davis, 
who,  out  of  94  cases,  found  the  lesions  markedly  worse  on  the  right  side 
in  39,  and  on  the  left  side  in  29,  while  both  sides  were  affected  in  26. 

The  value  of  inspiratory  roughness  pointed  out  by  Graneher  has 
been  generally  recognized.  It  is  harsh  and  rasping  and  is  best  heard 
when  the  patient  takes  a  deep  breath,  and  leans  against  some  support. 
It  is  considered  by  Graneher,  Landouzy,  Marfan  and  equally  competent 
clinicians  as  positively  indicating  the  onset  of  tuberculosis,  especially 
when  emaciation  and  pallor  are  also  present.  Graneher"  ascribes  it  to 
obstruction  of  the  alveolar  vestibule  by  the  developing  tubercles,  and 
contends  that  dullness,  upon  which  so  much  reliance  is  placed,  occurs 
only  when  consolidation  is  advanced.  Pye  Smith"'*  in  fact  considers  it 
an  even  more  tardy  sign.  Tliat  the  cog-wheel,  interrupted  respiration 
means  atrophy  of  the  muscles  was  emphasized  by  Liebermeister°°  and 
others. 

The  frequency  of  laryngeal  lesions  in  pulmonary  tuberculosis  is 
shown  by  the  fact  that  Stein"  found  them  in  170  cases  out  of  474 
examined.  J.  Payson  Clark"^'  also  found  the  nasal  mucous  membrane 
atrophied  in  70  cases  out  of  100  examined  and  holds  that  it  precedes  the 


^3  Tyson:    "Pract.  of  Med.,"  third  edition,  p.  254,  1903. 

Graneher:   Le  buU.  med.,  vol.  ix,  p.  815,  1895. 
i^Pye  Smith:    Lancet,  Apr.  7,  1900. 

^«  Liebermeister:   Deut.  med.  Woch.,  Bd.  xiv,  S.  789,  1888. 

Stein:   Hospitalstidende:   Bd.  xiii,  S,  787,  805,  1905. 
^  Payson  Clark:   Boston  Med.  and  Surg.  Jour.,  Oct.  3,  1895. 
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pulmonary  lesions.  Enlarged  axillary  glands,  varying  in  size  from  a  pea 
to  a  hazel-nut,  and  rolling  under  the  finger,  as  pointed  out  by  Fernet,"" 
are  often  present  very  early  when  progressive  emaciation  without 
apparent  cause  proves  to  be  tuberculosis. 

Trudeau™  found  the  tuberculin  test  generally  reliable  when 
in  suspected  eases  the  diagnosis  could  be  established  by  no  other  means. 
This  represents  the  consensus  of  opinion  of  the  many  clinicians  who 
have  used  it  extensively. 

In  the  third  stage,  that  of  softening  of  the  tubercles  and 
cavity  formation,  areas  of  caseation  in  the  lung  tissue  varying 
from  the  size  of  a  pea  to  that  of  a  lobe,  or  even  an  entire  lung, 
are  formed  when  the  necrotic  process  is  too  rapid  to  permit 
the  formation  of  the  fibrin  network  or  outer  zone  which  in  the 
miliary  tubercle  encloses  the  necrotic  tissues  and  the  disin- 
tegrated bacteria.  Hence  the  fact  that  the  caseous  masses  are 
found  to  contain  a  large  number  of  tubercle  bacilli.  A  caseous 
mass  is  a  compound  of  necrosed  pulmonary  tissue  destroyed 
by  the  bacilli,  and  of  the  constituents  of  the  auto-antitoxin 
(now  minus  its  oxygen)  accumulated  in  the  corresponding  area 
to  destroy  these  germs.*  It  indicates  that  the  auto-protective 
process  was  inadequate  to  counteract  their  development,  a  fact 
which  accounts  for  the  presence  of  intact  bacteria.*  When  the 
masses  are  not  too  large,  they  may  undergo  calcification  or 
fibrous  encapsulation,  as  in  the  second  stage,  both  of  which  are 
curative  processes.  Such  a  fortunate  result  takes  place  when 
the  auto-protective  resources  of  the  body  become  sufficiently 
active  from  one  cause  or  another  to  carry  it  on  to  a  finish.* 
The  diseased  tissues  are  thus  completely  isolated  from  the  nor- 
mal parenchyma. 

When  spontaneous  cure  fails  to  occur,  the  caseous  masses 
soften  and  are  more  or  less  perfectly  expelled  by  way  of  the 
bronchi,  with  which  they  usually  communicate,  leaving  a  cavity. 
The  destructive  process  continuing  in  the  walls  of  the  latter, 
however,  it  is  gradually  enlarged,  and  as  many  undergo  this 
process  simultaneously  they  eventually  merge,  forming  larger 
cavities.  As  the  tubercle  bacillus  is  the  source  of  all  this  de- 
struction, the  process  is  one  of  continuous  tissue  necrosis,  the 
detritus  of  which  represents  morphologically  the  contents  of 
a  large  abscess — ^but  minus  the  pus  organism.    There  comes  a 


*  Author's  conclusion. 

■>»  Fernet:  Bull,  de  I'Acad.  de  Med.,  Mar.  10,  1903. 
«"Trudeau:   Inter.  Med.  Mag.,  Mar.,  1900. 
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time,  however,  when  these  organisms  are  likewise  present  as 
prominent  factors  of  the  suppurative  process,  which  now  be- 
comes one  of  mixed  infection,  with  more  or  less  septicaemia  as  a 
consequence. 

The  apex  being  the  starting  point  of  the  cavity-formation, 
a  large  vomica  may  be  present  in  this  location,  while  the  lower 
lobe,  which  the  destructive  process  is  gradually  invading,  is 
still  the  seat  of  smaller  cavities.  Sometimes  the  periphery  of 
the  lung  is  reached,  and  if  it  happens  to  be  beneath  the  pleura, 
pneumothorax  occurs. 

Around  cavities  of  all  dimensions,  especially  beneath  the 
pleura,  there  is  clear  evidence  of  an  effort  to  protect  contiguous 
structures,  connective  tissue  being  developed  to  limit  their  ex- 
tent. An  entire  apex  may  thus  be  isolated,  its  numerous  cavities 
being  enclosed  in  dense  masses  of  fibrous  tissue — evidence  to 
ihe  eifect  that  even  at  this  advanced  stage  of  the  disease,  much 
can  be  done  to  arrest  the  lethal  trend.* 

That  calcareous  or  sclerotic  masses  are  frequently  found  post- 
mortem in  persons  who  were  free  from  tuberculosis  at  the  time  of  their 
death  has  long  been  known.  Schlenker  found  that  65  per  cent,  of  100 
autopsies,  irrespective  of  the  cause  of  death,  showed  evidences  of  tuber- 
culosis; Biggs  found  them  in  60  per  cent.,  and  in  another  series,  31.5 
per  cent,  of  4000  autopsies;  and  Naegeli,  97  per  cent,  of  500  autopsies." 
Vibert,"^  in  looking  over  the  register  of  necropsies  made  at  the  Paris 
Morgue,  was  "struck  by  the  fact  that  in  131  individuals  of  from  25  to 
55  years  of  age,  having  all  succumbed  to  violent  or  sudden  deaths,  it 
was  noted  that  the  existence  of  pulmonary  tuberculosis  was  recognized 
in  25,  in  17  of  whom  the  malady  was  in  a  cretaceous,  or  healed  state." 
Eogee  and  Bondet,  in  their  anatomical  studies  of  the  subject  at  the 
Salpetriere  and  Bicetre  Hospitals  in  Paris,  among  aged  subjects,  found 
that  the  proportion  of  instances  in  which  there  was  clear  evidence  of 
spontaneous  arrest  of  the  disease  was  as  high  as  four-fifths.  Aupinel,'' 
in  the  course  of  60  autopsies  in  aged  individuals  who  had  died  of  various 
diseases,  found  evidences  of  cured  tuberculosis  in  every  instance,  and 
concluded  with  Cruveilhier,  Cornil  and  Ranvier,  Bollinger  and  others, 
that  few  persons  escape  infection,  but  that,  thanks  to  calcareous  infiltra- 
tion and  fibrous  encapsulation,  the  lesions  are  spontaneously  healed  in 
most  instances. 

The  general  phenomena  of  the  third  stage  are  chiefly  char- 
acterized by  their  intensity.  The  emaciation  has  become  very 
marked  and  the  general  weakness  correspondingly  so.  The 
cough  is  not  only  much  more  severe,  but  deprives  the  patient  of 
sleep  by  its  persistence ;  moreover,  the  ingestion  of  food,  by 

*  Author's  conclusion. 

"Schlenker:   Cited  by  Hare:    "Pract.  of  Med.,"  p.  306,  1905. 
"svibert:    Lancet,  Sept.  22,  1888. 
"Auplnel:   These  de  Paris,  1895. 
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causing  severe  accesses  of  coughing,  provokes  emesis,  at  times 
of  an  entire  meal.  The  expectoration  is  now  profuse.  The 
sputum  is  purulent  and  contains  irregular,  tough,  roundish 
masses  that  tend  to  adhere  to  the  edges  of  the  vessel,  the 
"nummular"  or  coin-like  sputa.  These  are  characteristic  in  that 
they  are  similar  to  the  contents  of  the  cavities,  containing 
innumerable  bacilli,  pus-cells,  epithelial  cells,  elastic  tissue 
from  the  disintegrated  alveoli,  broken-down  leucocytes,  etc.,  and 
— an  important  feature  in  view  of  the  role  of  phosphorus  in  the 
morbid  process  as  I  interpret  it — an  abundance  of  phosphates. 

Hemorrhages  during  this  stage  are  more  dangerous  than 
those  that  occur  earlier  in  the  disease.  They  are  due  to  erosion 
of  larger  vessels  which  course  in  the  walls  between  the  cavities 
or  to  the  rupture  of  small  aneurisms  that  develop  along  those 
vessels.  They  may,  therefore,  be  very  profuse — sufficiently  so 
at  times  to  prove  fatal. 

The  fever  likewise  assumes  a  different  character,  owing 
to  the  insinuation  in  the  process  of  pyogenic  bacilli,  and  is  given 
an  autonomous  position  in  the  symptomatology  of  the  disease 
as  hectic  fever.  It  is,  in  fact,  due  to  two  distinct  factors.*  The 
first  is  protective.  Pyogenic  germs  and  their  toxins  are  able  to 
stimulate  actively  the  adrenal  center  and  thus  to  provoke  high 
fever,*  reaching  generally  104°  F.  (40°  C),  the  highest  point 
being  reached  daily  late  during  the  afternoon  or  in  the  evening. 
The  temperature  then  falls,  gradually,  not  to  normal,  as  a  rule, 
but  considerably  below,  as  low  in  some  cases  as  95°  F.  (35°  C), 
the  minimum  being  attained  during  the  early  hours  of  the 
morning.  The  second  factor  does  not  always  exist,  viz.,  an 
artificial  and  supplementary  fever  similar  to  that  evoked  by 
tuberculin,  and  due  to  the  additional  heat  energy  liberated  by 
the  interaction  of  phosphorus  derived  from  dead  bacilli  (which 
accumulate  in  enormous  numbers  during  the  third  stage)  and 
the  excess  of  oxygen  which  the  increase  of  adrenoxidase  entails 
— this  latter  being  due  to  the  fever  caused  by  the  pyogenic 
germs.  The  temperature  sometimes  reaches  108°  F.  (42.8°  C.) 
under  these  conditions.  In  the  absence  of  mixed  infection, 
however,  or  when  the  adrenal  center  is  unable  to  respond  to  the 
stimulus,*  the  febrile  process  may  be  very  slight  or  fail  to  occur. 


*  Author's  conclusion. 
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Sweating  is  also  profuse  in  most  cases,  but  in  this  stage  it 
is  due,  during  the  presence  of  fever,  to  excessive  congestion  of 
the  peripheral  arterioles  and  to  the  resulting  overactivity  of 
sweat-glands;*  but  it  may  also  occur  as  a  result  of  depression, 
i.e.,  during  the  afebrile  period  when  the  temperature  is  low 
and  the  pulse  rapid  and  weak.  Diarrhoea,  due  to  a  correspond- 
ing condition  of  the  intestinal  glandular  elements,*  is  frequently 
present  during  the  third  stage  and  is  an  obstinate  symptom. 

Among  the  tardy  phenomena  are  often  observed  patches 
of  pigmentation  varying  from  a  yellowish  tinge  to  typical 
bronzing.  These  indicate  that  the  adrenal  system  is  failing 
either  through  asphyxia  of  its  center,  owing  to  the  drain  of 
oxygen  which  the  phosphorus  of  the  disintegrated  bacteria  im- 
poses upon  the  body  at  large,  or  on  account  of  the  excess  of  work 
of  which  the  hectic  fever  is  the  expression.*  Again,  the 
adrenals  and  the  thyroid  are  themselves  the  seat  of  tuberculous 
lesions  in  some  cases;  the  typical  symptoms  of  Addison's  dis- 
ease, including  the  bronzing,  may  then  appear. 

The  physical  signs  are  clearly  defined.  There  is  marked 
restriction  of  the  respiratory  movements  of  the  chest.  The 
dullness  on  percussion  persists  as  long  as  areas  of  consolidation 
are  present,  but  gradually,  as  cavities  are  being  formed,  the 
resonance  increases  until  it  assumes  the  tympanic  character 
over  the  cavities.  When  large  cavities  are  present,  the  "cracked- 
pot"  resonance  can  be  obtained  (the  patient's  mouth  being 
open)  provided  they  are  situated  not  too  far  from  the  point 
percussed.  Palpation  makes  it  possible  in  some  cases  to  distin- 
guish the  areas  of  consolidation  from  the  cavities,  the  vocal 
fremitus  being  much  more  marked  over  the  former,  owing  to 
their  superior  sound-conducting  power.  Auscultation,  when  the 
caseous  masses  are  liquefied,  elicits  subcrepitant  rales,  and  if 
the  air,  on  deep  inspiration,  passes  through  one  or  more  cavities 
more  or  less  filled  with  fluid,  to  reach  other  parts  of  the  lung, 
gurgling  or  iuhhling  sounds  may  be  heard.  The  bubbles  formed 
by  the  air-streams  often  break  and  produce  a  sound  resembling 
metallic  tinJcling.  In  cavities  in  which  the  air  merely  passes 
over  the  fluid,  cavernous  or  tubular  breathing  is  easily  dis- 
cernible; and  if  the  air-current  traverses  the  edge  of  a  cavity, 


"  Author's  conclusion. 
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the  amphoric  breathing  may  be  obtained — a  sound  resembling 

that  produced  when  blowing  across  the  mouth  of  a  bottle. 

Pectoriloquy  is  a  valuable  sign  to  determine  the  location  and 

size  of  cavities,  when  they  are  near  the  surface,  the  speaking 

or  whispering  voice  being  readily  transmitted  through  them. 

All  these  signs  are  best  obtained  when  the  chest  and  back  are 

bare,  a  light  fabric,  a  handkerchief,  for  instance,  being  alone 

interposed  between  the  examiner's  ear  and  the  patient. 

Finally  the  patient  reaches  the  last  stages  of  marasmus. 

Certain  signs  are  apt  to  appear  when  the  end  is  approaching, 

viz.,  thrush-like  areas  in  the  mouth  and  soft  palate,  which  are 

in  reality  patches  of  tissue  that  are  no  longer  the  seat  of  active 

metabolism;  purpura,  due  to  breaking  down  of  the  cutaneous 

capillaries,  and  other  manifestations  of  inhibited  nutrition.* 

The  disappearance  of  suffering  incident  upon  this  fact  causes 

the  patient  during  the  last  days  of  his  illness  to  expect  an  early 

recovery,  and  some  pass  away  cherishing  this  hope. 

The  wide  fluctuations  of  fever  are  especially  met  in  children.  Thus 
Adams"  states  that  in  some  the  temperature  may  reach  108°  F.  (42.2° 
C. )  and  drop  in  a  few  hours  to  95°  F.  (35°  C.)  without  apparent  effect 
upon  the  child.  He  has  seen  children  eating  the  evening  meal  with 
relish,  in  spite  of  a  rectal  temperature  of  106°  F.  to  107°  F.  (41.1°  C. 
to  41.6°  C).  Striimpell'"  places  the  average  hectic  fever  fluctuation  from 
101.3°  to  104°  F.  (38.5°  C.  to  40°C.).  The  rOle  of  pyogenic  organisms 
in  its  production  is  generally  recognized,  and  has  been  emphasized  by 
Karl  von  Ruck.*"  This  would  seem  to  be  antagonized  by  experiments 
in  vitro,  but  Bernheim"  has  shown  that  the  experimental  (direct) 
antagonism  between  the  tubercle  bacillus  and  the  pyogenic  organisms 
does  not  prevail  in  the  body  and  that  the  latter  complicate  the  tubercu- 
lous process. 

The  presence  of  phosphates  in  the  sputum  of  tuberculosis,  espe- 
cially when,  as  in  the  third  stage,  the  tubercle  bacilli  are  present  in 
large  quantities,  has  long  been  known,  although  the  cause  of  this  phe- 
nomenon has  remained  unexplained.  Thus,  C.  J.  B.  Williams,"*  twenty 
years  ago,  stated,  referring  to  the  expectoration  during  the  stage  of 
excavation,  that  its  pus  contains  "a  large  proportion  of  phosphates." 
Dubief,  in  Debove  and  Achard's  treatise,™  also  says  that  the  expectora- 
tion contains  "phosphates  in  abundance."  This  may  be  due  to  the 
sodium  phosphate  of  the  blood  or  to  the  formation  of  this  compound 
by  the  cellular  nuclein,  but  it  is  not  characteristic  of  other  diseases  in 
which  the  expectoration  is  profuse,  catarrhal  bronchitis,  bronchorrhoea 
and  kindred  disorders,  while  it  coincides  with  the  results  to  be  expected 
from  the  rapid  proliferation  of  tubercle  bacilli,  the  ashes  of  which  show 
60.9  per  cent,  of  phosphorus  (de  Schweinitz). 

•  Author's  conclusion. 

"*  Adams:    Archives  of  Pediatrics,  Dec,  1901. 
«^  Striimpell :    Miinch.  med.  Woch.,  vol.  xxxix,  S.  905,  932,  1892. 
^  Karl  von  Ruck:    New  Orleans  Med.  and  Surg.  Jour.,  July,  1898. 
<"  Bernheim:    Independence  medicale,  Aug.  15,  1900. 

"'  C.  J.  B.  Williams:   "Pulmonary  Consumption,"  second  edition,  p.  93,  1887. 
Debove  and  Achard:    "Maladies  de  I'appareil  respiratoire,"  p.  363,  1896. 
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The  failure  of  the  adrenal  system  when  the  disease  is  advanced  is 
shown  by  various  stages  of  melanosis.  Bronzing,  varying  from  small 
melanodermic  spots  to  large  patches  identical  with  those  witnessed  in 
Addison's  disease,  was  found  in  7  cases  out  of  24  by  Laffitte  and 
Moncany,™  and  in  12  cases  out  of  60  by  Laignel-Lavastine" — all  condi- 
tions such  as  freckles,  friction  stains,  pytiriasis,  lentigo,  acanthosis 
nigricans,  nsevi,  etc.,  being  carefully  eliminated.  A  similar  pigmenta- 
tion of  the  liver  and  spleen  and  other  organs  was  reported  by  Wein- 
burg,^^  in  a  case  of  tuberculosis.  This  observation  recalls  the  finding 
of  promiscuously  distributed  pigment,  by  Boinet,"  in  all  of  20  rats  in 
which  he  had  caused  lesions  of  the  adrenals;  the  pigment  had  also 
permeated  the  subcutaneous  cellular  tissue,  and  proved  to  be  identical 
with  that  found  in  Addison's  disease.  This  applies  likewise  to  the 
thyroid.  Macaggi"  found  experimentally  that  in  subacute  and  chronic 
tuberculous  intoxication,  the  secretion  of  colloid  was  reduced  and  that 
the  organ's  epithelium  became  atrophied. 

Etiology  and  Pathogenesis. — The  predisposing  cause  of 
tuberculosis  is  a  deficient  functional  activity  of  the  adrenal 
system  which  may  be  inherited  or  acquired.*  In  the  latter  case, 
disease  or  hypofunction  of  either  of  the  organs  of  the  adrenal 
system  (the  thyroid,  the  anterior  pituitary  body,  including  the 
test-organ,  the  adreno-thyroid  and  the  adrenals)  may  be  caused 
by  infectious  diseases,  starvation,  overwork,  insufficient  oxy- 
genation and  other  factors  which  either  exhaust  these  organs 
by  imposing  excessive  activity  upon  them,  or  greatly  lower 
their  nutrition.* 

As  Germain  See  says,  "predisposition  is  a  word  employed  to 
cover  our  ignorance" — an  inevitable  conclusion  in  the  absence  of  an 
organ  or  set  of  organs  whose  mission  is  to  govern  the  vital  processes 
of  the  body  at  large — the  role  of  the  adrenal  system.  Indeed,  the 
stigmata  in  such  subjects  clearly  point  to  debilitated  respiratory  fimc- 
tions — both  as  to  the  lungs  and  tissues — the  domain  of  this  system. 
The  flat,  narrow  chest  and  drooping  shoulders,  the  winged  scapulae,  obvi- 
ously constitute  an  inefficient  respiratory  mechanism  as  illy  nourished 
as  is  the  rest  of  the  slender  figure;  the  pallor,  the  cold  extremities,  the 
sensitiveness  to  cold  all  point  to  inadequate  oxygenation.  It  is  this 
depravity  of  the  adrenal  system  which  alone,  in  my  opinion,  is  in- 
herited, and  not  the  disease  itself.  This  is  quite  in  accord  with  the 
teachings  of  modern  research;  Senator'^  recently  wrote,  referring  to 
tuberculosis:  "In  any  event,  a  decisive  role  in  determining  the  march 
and  distribution  of  the  scourge  can  never  be  attributed  to  hereditary 
predisposition." 

The  underlying  cause  of  predisposition  is  disclosed,  however,  by 
the  mutual  relationship  of  certain  diseases  and  the  influence  of  hypo- 
function  of  one  of  the  organs  of  the  adrenal  system,  the  thyroid  gland, 
on  infection. 


*  Author's  conclusion. 

™  Laffitte  and  Moncany:  Bull,  et  mem.  de  la  Soc.  de  med.  de  I'hSp.  de  Paris, 
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The  predilection  of  chronic  alcoholics  to  tuberculosis  has  been  em- 
phasized by  Hector  Mackenzie,™  Lancereaux,"  Monnier™  and  many  others. 
Osier"  holds  that  "chronic  drinkers  are  much  more  liable  to  both  acute 
and  pulmonary  tuberculosis."  He  believes  that  "it  is  probably  alto- 
gether a  question  of  altered  tissue-soil,  the  alcohol  lowering  the  vitality 
and  enabling  the  b-^cilli  more  readily  to  develop  and  grow."  Sims  Wood- 
head,*"  Abbott  and  other  bacteriologists  have,  in  fact,  demonstrated  that 
alcohol  predisposes  to  specific  infectious  diseases.  Mays"  and  Kelynack*- 
have  shown  that  this  applies  as  well  to  the  tubercle  bacillus.  Among  the 
cases  reported  by  the  last-named  observer  were  10  of  alcoholic  neuritis, 
8  of  which  were  subjects  of  pulmonary  tuberculosis.  As  I  have  shown, 
alcohol  reduces  the  adrenoxidase  of  the  blood-stream  and  correspondingly 
inhibits  the  blood's  vitalizing  properties.  The  functional  activity  of  the 
adrenal  center  being  impaired  as  well  as  that  of  all  other  organs,  it  fails 
to  respond  actively  to  the  stimulating  influence  of  the  bacterial  toxins, 
and  therefore  to  protect  the  organism  adequately.  That  such  is  the 
case  is  shown  by  the  fact  that  when  the  thyroid,  whose  secretion,  as  I 
have  shown,*^  upholds  the  activity  of  the  adrenal  center,  is  itself  hypo- 
active,  as  in  myxoedema,  a  marked  predisposition  exists.  Thus,  as 
stated  by  Lorand,**  "in  myxoedema  (athyroidea)  tuberculosis  appears 
frequently,"  as  shown  by  Greenfield'*^  and  Byrom  Bramwell  "while," 
according  to  Pell,"  "tuberculosis  is  very  frequent  in  families  of  myxoede- 
matous  persons." 

The  influence  of  such  a  condition  of  the  adrenal  system  is  shown 
by  the  readiness  with  which  a  patient  succumbs  to  tuberculosis  when 
syphilis,  a  disease  whose  debilitating  influence  is  doubted  by  no  one, 
precedes  the  tuberculous  infection.  Niemeyer  long  ago  taught  that  "the 
greatest  danger  for  a  syphilitic  was  to  become  tuberculous."  Landouzy 
likewise  emphasized  this  fact  by  the  statement:  "The  worst  combina- 
tion I  know  of  is  that  of  pulmonary  tuberculosis  with  primary  syphilis." 
Jaequinet,**  who  refers  to  these  and  other  authorities,  reported  8  cases 
in  which  the  two  diseases  were  present,  in  all  of  which  death  occurred 
very  rjipidly,  one  patient  indeed  dying  a  few  weeks  after  the  onset  of 
the  tuberculous  process.  As  I  interpret  these  results,  the  adrenal  system, 
already  semi-paralyzed  by  the  syphilitic  virus,  promptly  yields  when 
another  depressant  is  superadded.  Herbert,*"  in  fact,  recognizes  a  cer- 
tain analogy  between  the  primary  and  secondary  stages  of  tuberculosis 
on  the  one  hand,  and  syphilis  on  the  other.  Lorand  states,  moreover, 
that  "Perrando**  has  found  degeneration  of  the  thyroid  in  the  foetus 
from  parents  with  cachectic  disease,  especially  syphilis."  Gamier"'  has 
also  found  that  "the  thyroid  in  hereditary  syphilis  is  degenerated  and 
contains  no  colloid  substance."  As  I  pointed  out  in  the  first  volume, 
it  is  this  identical  substance  which,  owing  to  its  iodothyrin,  upholds 
the  activity  of  the  adrenal  center  of  the  anterior  pituitary  to  its 
normal  level,  i.e.,  physiological  standard. 

Hector  Mackenzie:    Brit.  Med.  Jour.,  Feb.  27,  1892. 
"  Lancereaux:    Revue  gen.  de  clin.  et  de  ther.,  vol.  x,  p.  47,  1895. 
™  Monnier:    Gaz.  medicale  de  Nantes,  Nov.  12,  1895. 

Osier:    "Pract.  of  Med.,"  third  edition,  p.   382,  1898. 
80  Sims  Woodhead:    Brit.  Med.  Jour.,  July  13,  1901. 
^1  Mays:    "Pulmonary  Consumption,"  p.  61,  1901. 
s^Kelynack:    Edinburgh  Med.  Jour.,  Sept.,  1901. 
83  Cf.  vol.  i,  p.  145  and  165  et  seq. 
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This  applies  to  all  agencies  that  are  capable  of  debilitating  the 
adrenal  system:  starvation,  overwork,  insufficient  oxygenation,  infec- 
tious diseases,  etc.  "It  has  been  found  by  several  authors,"  writes 
Lorand,  "that  animals  whose  thyroid  has  been  extirpated  easily  fall 
victims  to  infective  processes."  The  great  part  taken  by  the  thyroid 
in  infections  is  shown  by  the  researches  of  Bayon,  of  Wurzburg,  and 
de  Quervain,  which  establish  the  fact  that  in  all  grave  infectious  dis- 
eases, the  thyroid  is  in  the  condition  termed  by  them  "thyroiditis  sim- 
plex" without  any  suppuration.  Roger  and  Garnier"'  had  found  pre- 
viously to  the  former  authors,  "a  hypersecretion  of  colloid  in  the  thyroid 
in  infectious  diseases  which  after  some  time  may  be  followed  by  ex- 
haustion of  the  gland." 

All  this  applies  as  well  to  the  pituitary  body.  Gamier  and 
Thaon,**  in  a  systematic  study  of  this  organ  in  tuberculosis,  based  on 
18  cases,  found  invariably  areas  of  sclerosis  in  the  parenchyma  in 
chronic  cases,  "the  gland  appearing  less  active  than  normally."  In  a 
more  recent  study  based  on  a  larger  number  of  cases,  Thaon"'*  confirmed 
these  observations. 

Exhaustion  of  the  gland  here  means  cessation  of  the  stimulus 
upon  which  the  adrenal  center  depends  for  the  preservation  of  its 
sensitiveness  to  poisons  that  appear  in  the  blood.  If  it  fails  to  receive 
this  stimulus  owing  to  a  corresponding  defect  in  the  parents,  the  "pre- 
disposition" to  tuberculosis — or  any  other  disease — is  inherited;  if  the 
deficiency  of  stimulus  occurs  as  a  result  of  diseases  which  have  ex- 
hausted the  thyroid  or  caused  lesions  either  in  the  test-organ  or  in  the 
posterior  pituitary,  the  seat  of  the  adrenal  center,  or  in  the  adrenals 
themselves,  we  have  the  "acquired"  predisposition.  In  whichever  direc- 
tion we  scrutinize  the  question,  therefore,  we  are  ultimately  brought  to 
the  conclusion  that  the  predisposing  cause  of  tuberculosis  is  deficient 
functional  activity  of  the  adrenal  system. 

In  predisposed  subjects  the  fluids  of  the  body  at  large, 
including  the  secretions  of  the  mucous  membranes  of  the  respir- 
atory and  digestive  tracts,  are  deficient  in  auto-antitoxin  and 
phagocytic  leucocytes,  the  agents  which  under  normal  condi- 
tions destroy  the  tubercle  bacilli  and  other  germs  that  gain 
access  to  these  fluids.*  When  tubercle  bacilli  are  inhaled,  the 
body's  first  line  of  defense,  the  anterior  nasal  cavities  are  not 
provided  with  mucus  adequately  supplied  with  these  bacteriolytic 
agents.  As  these  pathogenic  germs  can,  under  such  circum- 
stances, penetrate  the  nasal  mucosa  itself  and  enter  the  lym- 
phatic system,  infection  may  occur  irrespective  of  any  contami- 
nation through  the  lungs.  It  does  not  occur,  however,  if  the 
adrenal  system  is  fully  active.* 

The  postulate  of  Koch  that  tuberculosis  is  caused  by  the  inhalation 
of  dried  sputum,  which  met  its  conclusive  proof  in  the  studies  of  Cornet, 
has  stood  the  test  of  time,  though  his  opinion  that  this  was  the  exclu- 
sive mode  of  infection  has  not.    The  manner  in  which  dust  may  convey 

*  Author's  conclusion. 
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the  disease  may  be  illustrated  by  one  of  Cornet's  more  recent  experi- 
ments."" Forty-eight  guinea-pigs  were  placed  in  a  room  covered  by  an 
old  carpet  over  which  dried  tubercular  sputum  mixed  with  dust  had 
been  spread,  and  the  carpet  was  swept  on  four  different  occasions.  The 
animals  were  killed  after  a  time  and  47  out  of  the  48  were  found  in  an 
advanced  state  of  tuberculosis  of  the  lungs  and  bronchial  glands.  The 
same  year  (1888)  that  Cornet  conducted  his  earlier  experiments,  Flick" 
showed  that  tuberculosis  was  especially  prevalent  in  dwellings  in  which 
the  disease  had  once  occurred,  33  per  cent,  of  the  infected  houses  having 
had  more  than  one  case  and  some  houses  showing  eight  deaths  (in  one 
instance,  thirteen)  in  the  course  of  25  years,  though  in  the  great  major- 
ity of  instances  different  families  had  dwelt  in  them.  The  area  of 
Philadelphia  studied  included  about  50  blocks  of  houses. 

Yet  in  the  human  subject,  Strauss"'  found  purulent  tubercle 
bacilli  in  the  nasal  secretions  of  9  persons  out  of  29  examined,  6  of  the  9 
contaminated  being  hospital  attendants.  All  were  in  excellent  health. 
N.  W.  Jones'*  obtained  3  positive  results  from  inoculations  from  31 
persons.  Pollock™  conducted  a  comprehensive  study  of  the  effects  on 
the  physicians  and  attendants  of  Brompton  Hospital  for  Consumptives, 
covering  a  period  of  34  years.  It  revealed  no  noticeable  difference  from 
the  ratio  of  the  disease  among  outsiders.  There  were  no  deaths  from 
phthisis  among  the  maids  who  swept  and  cleaned  the  floors  several  hours 
daily;  of  101  nurses,  1  had  phthisis  in  the  hospital,  3  after  leaving  the 
hospital.  Evidently  the  greater  precautions  taken  in  such  institutions 
account  partly  for  this  showing,  for  in  barracks,  prisons,  etc.,  the  inci- 
dence of  contamination  is  much  larger.  Still,  why  do  not  all  soldiers, 
prisoners  and  particularly  the  hospital  attendants  whose  nasal  cavi- 
ties contain  virulent  bacilli  acquire  the  disease?  It  is  here  that  the 
physiological  efficiency  of  the  adrenal  system  comes  in:  All  functions 
are  performed  with  adequq,te  energy. 

How  is  this  auto- protective  function  carried  on,  on  the  surface  of 
mucous  membranes? 

If,  as  I  hold,  the  phosphorus  in  the  tubercle  bacillus  is  the  real 
pathogenic  agent,  two  modes  of  action  should  be  discernible:  one  by 
the  living  bacteria,  causing  no  particular  local  reaction,  another  by 
the  dead  germs,  causing  a  local  inflammatory  reaction.  Cornet"'  says: 
"When  tubercle  bacilli  are  gently  rubbed  into  the  nasal  mucosa,  no 
change  occurs  if  care  be  taken  not  to  injure  the  mucosa;  in  other  cases, 
inflammation,  reddening  and  ulceration  shortly  make  their  appearance." 
Since  general  infection  occurs  under  these  conditions,  it  can  only  be 
ascribed  to  living  organisms  absorbed,  the  local  lesion  being  due  to  dead 
bacteria  disintegrated  during  the  procedure.  That  there  is  a  solid 
foundation  for  this  conclusion  is  shown  by  Cornet's  statement"^  that 
"the  dead  forms  exercise  a  more  rapid  and  intense  action,  by  means  of 
the  diffusion  of  their  chemical  matters,  than  do  the  live  organisms  with 
their  slow  process  of  proliferation."  It  is  plain,  however,  that  we  can- 
not ascribe  the  resulting  infection  of  the  cervical  and  bronchial  glands 
and  of  the  lungs  and  spleen  to  which  Cornet  refers  (especially  the 
enormous  multiplication  of  bacteria  which  this  represents),  to  the 
chemical  constituents  of  these  organisms,  which — interpreted  from  my 
viewpoint — caused  the  local  inflammation,  but  to  those  which  did  not. 
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Indeed,  that  living  tubercle  bacilli  can  penetrate  mucous  membranes  is 
well  known. 

The  nasal  mucous  membrane  affords  considerable  protection  against 
infection.  According  to  Wurtz  and  Lermoyez,"^  the  nasal  mucus  is 
endowed  with  antiseptic  properties,  but  researches  by  Park  and  Wright,"* 
Liaras"^  and  others  did  not  substantiate  this  claim.  H.  L.  Wagner,"' 
however,  found  that,  in  accord  with  Buehner,  Kossel  and  others,  leuco- 
cytes produced  a  substance  in  the  nasal  secretions  which  possessed  germ- 
destroying  power.  This  substance,  an  enzyme,  according  to  Wagner, 
does  not  necessarily  kill  the  germs,  but  it  diminishes  their  activity,  and 
they  are  thus  readily  swept  away  by  the  secretions.  This  dual  action 
prevents  their  penetration  into  the  mucous  membrane,  and  infection. 
The  substance  referred  to  is  evidently  the  auto-antitoxin  we  have  met 
everywhere.  Piaget"'  found,  moreover,  that  phagocytes  took  part  in 
the  process,  while  St.  Clair  Thomson  and  Hewlett"'  emphasized  the  fact 
that  while  the  viscid  mucus  prevents  the  development  of  the  bacilli, 
the  ciliated  epithelium  pi'omptly  secures  their  expulsion.  "The  more 
active  the  secretion  of  mucus,"  writes  Cornet,  "and  the  more  swift  the 
current,  the  more  rapidly  is  the  bacillus  eliminated." 

When  the  tubercle  bacilli  reach  beyond  the  anterior  nasal 
cavities  they  are  exposed  to  destruction  by  the  bacteriolytic 
action  of  mucus  and  phagocytes  of  the  pharyngeal  tonsil  in  the 
naso-pharyngeal  vault  and  the  faucial  tonsils.  They  penetrate 
the  crypts  of  these  organs  and  it  is  on  reaching  their  epithelial 
layer  to  enter  the  underlying  tissues  that  they  are  disintegrated. 
In  predisposed,  i.e.,  debilitated  subjects,  the  protective  agents — 
the  bacteriolytic  phagocytes  and  endogenous  antitoxin — are  in- 
efficient, and  the  tubercle  bacilli  being  allowed  to  penetrate  to 
the  tonsillar  lymphatics,  infection  occurs. 

In  some  cases  the  quantity  of  tubercle  bacilli  destroyed  in 
the  pharyngeal  and  faucial  tonsils  is  so  great  that  the  dead 
bacilli,  owing  to  the  quantity  of  phosphorus  liberated,*  pro- 
voke local  tuberculosis. 

Behind  the  nasal  cavities,  i.e.,  in  the  naso-pharynx  and  pharynx, 
the  defensive  mechanism  is  of  another  order.  St.  Clair  Thomson,"'  in 
painstaking  studies  of  the  subject,  collected  1427  reported  cases  of  naso- 
pharyngeal adenoids  in  which  the  reporters,  including  Lermoyez,  Gott- 
stein,  McBride,  Moure,  Pilliet,  Cornil  and  other  authorities  had  exam- 
ined the  growths  microscopically.  Histological  evidences  of  a  local 
tuberculous  process  were  present  in  75  instances,  i.e.,  in  5.2  per  cent. 
In  another  series  of  435  specimens  examined  by  Gourc,  Broca,  Hugh 
Walsham  and  Jonathan  Wright,  referred  to  by  St.  Clair  Thomson,  no 
evidence  of  local  tuberculosis  was  found.    This  reduces  the  average  to 
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4  per  cent.,  but  it  does  not  disprove  the  fact  that  these  growths  are 
penetrated  by  bacilli.  Indeed,  Milligan  and  Dieulafoy  found  that  18.2 
per  cent,  of  adenoids  were  capable  of  causing  infection  when  inoculated 
into  animals,  while  Brieger  found  histological  lesions  in  5  out  of  78 
cases,  and  obtained  one  positive  inoculation,  though  no  tubercle  bacilli 
could  be  found  either  on  the  surface  or  in  the  crypts.  This  appears 
paradoxical,  but  it  is  readily  explained  when  the  numerous  phagocytes 
which  sucli  growths  contain  are  taken  into  account.  The  successful 
inoculations  are  due  to  the  presence  of  living,  i.e.,  undigested,  tubercle 
bacilli  derived  from  these  protective  cells,  and  the  lesions — interpreted 
from  my  standpoint — to  the  phosphorus  of  the  dead  bacilli.  This  sug- 
gests that  infection  through  the  adenoid  tissue  of  the  pharyngeal  vault 
is  prevented  by  phagocytes.  That  such  is  the  case  is  shown  by  the 
role  of  these  cells  in  the  tonsils,  which  are  structurally  similar.  Recent 
investigations  indicate,  moreover,  that  in  these  lymphoid  tissues,  the 
endogenous  antitoxin  exercises  its  bacteriolytic  action  as  everywhere 
else  in  the  organism. 

Goodale""  found  experimentally  that  foreign  substances  were 
ingested  by  polynuclear  leucocytes  in  and  adjoining  the  tonsillar  mu- 
cous membrane,  and  that  while  bacteria  are  found  in  the  crypts  they 
are  absent  beyond  the  mucous  layer,  thus  suggesting  that  "at  the 
moment  of  entering,"  the  bacteria  "encounter  conditions  which  terminate 
their  existence."  Kayser""-  also  observed  a  defensive  cellular  process 
between  the  epithelial  layers  and  the  tonsillar  tissues  and  that  very  little 
dust  reached  the  trachea.  Jonathan  Wright"^  discerned  an  additional 
feature  in  the  process,  however:  that  pathogenic  germs  which  penetrated 
the  tonsillar  crypts  could  exercise  a  propertj',  recently  defined  by 
Pfeiffer,  Bordet  and  others,  viz.,  that  of  provoking  in  the  tissues  with 
which  they  come  into  contact,  and  by  means  of  a  constituent  entering 
into  their  own  composition  or  "endotoxin,"  the  formation  of  a  baeterio- 
lysin  of  which  they,  the  pathogenic  bacteria,  were  themselves  the  vic- 
tims. We  have  here,  therefore,  as  elsewhere,  not  only  phagocytic  protec- 
tion, but  a  fluid  capable  of  disintegrating  the  tubercle  bacilli. 

If  this  dual  protective  process  prevails  in  the  posterior  nasal,  or 
pharyngeal,  tonsil  as  well  as  in  the  faucial  tonsils,  the  disintegration  of 
the  tubercle  bacilli  should,  at  least  sometimes,  provoke  local  tuberculo- 
sis. Dieulafoy"^  considers  that  "primary  tuberculosis  of  the  pharyn- 
geal tonsil  occurs  with  about  double  the  frequency  of  that  of  the  faucial 
tonsils."  Cases  of  primary  tuberculosis  of  the  latter  have  been  reported 
by  Schlenker,'^''  Kruckmann,  Schreibner,"^  Orth,"°  Stewart,"'  and  many 
others.  The  tonsils  are  also  frequently  involved  in  pulmonary  tubercu- 
losis. 

The  protective  role  carried  on  by  these  lymphoid  organs  is  illus- 
trated by  the  fact  that  Latham,"^  by  inoculating  into  animals  the  cen- 
tral portions  of  hypertrophied  tonsils,  removed  from  45  otherwise  nor- 
mal children,  obtained  7  positive  results.  Again,  in  19  instances  out 
of  an  aggregate  of  161  cases,  adenoid  vegetations,  removed  from  other- 
wise healthy  children  by  Lermoyez,""  Gottstein,^™  Brindel,™  and  Pluder 
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and  Fischer,'^  provoked  tuberculosis  in  animals,  the  children  had  all 
lived  with  tuberculous  parents. 

When  the  nose  alone  is  used  in  breathing,  the  air,  on  reach- 
ing the  larynx,  is  practically  free  of  bacteria;  breathing 
through  the  mouth,  however,  deprives  the  larynx  of  the  protec- 
tion aiiorded  by  the  nasal  passages  and  tuberculosis  of  the 
larynx  may  be  engendered  by  tubercle  bacilli  inhaled  with  the 
dust.  This  occurs  very  rarely,  however.  The  organ  is  pro- 
tected, when  foreign  substances  reach  it,  as  are  the  anterior 
nasal  cavities,  by  a  copious  supply  of  mucus  derived  mainly 
from  the  ventricles  of  Morgagni,  the  secretion  being  directed 
outward,  i.e.,  towards  the  oesophagus.  In  almost  all  cases,  how- 
ever, tuberculosis  of  the  larynx  occurs  as  a  complication  of 
pulmonary  tuberculosis. 

Whether  primary  or  secondary,  the  initial  cause  of  tuber- 
culosis of  the  larynx  is  deficient  nutrition  of  its  tissues  which 
exists  throughout  the  entire  organism,  owing  to  depravity  of 
the  adrenal  system.*  The  fluids,  lymph,  blood  and  secretions 
of  these  tissues  being  deficient  in  bacteriolytic  activity,  the 
tubercle  bacilli  not  only  penetrate  the  lining  epithelium,  but 
being  met  therein  by  phagocytes  inefficient  themselves  as  bac- 
teriolytic agents,  they  multiply  in  the  laryngeal  lymphatics  and 
start  a  local  tubercular  process.  The  lesions  caused  by  inhaled 
bacilli  usually  begin  in  the  portions  of  the  larynx  most  exposed 
to  the  inspiratory  current,  the  tissues  overlying  the  arytenoid 
cartilages  and  the  posterior  and  upper  surface  of  the  epiglot- 
tis. When  a  laryngeal  tuberculosis  occurs  as  a  complication  of 
pulmonary  tuberculosis,  the  tissues  of  the  interarytenoid  space, 
which  extend  over  the  arytenoid  cartilages,  are  usually  the  first 
affected,  the  bacilli  under  these  conditions  being  derived  from 
the  sputum,  which  the  tracheal  ciliated  epithelium  propels 
upward. 

When  voided  from  the  larynx  by  coughing  or  hawking,  the 
pulmonary  discharges  are  either  expectorated  or  swallowed,  thus 
exposing,  in  the  latter  case,  the  gastro-intestinal  tract  to  in- 
fection. 

The  pallor  of  the  laryngeal  tissues  and  of  the  adjoining  tissues 
indicates  that  deficient  nutrition  prevails  here  as  elsewhere.  A  curious 
feature  of  the  treatment  of  laryngeal  tuberculosis  points  in  the  same 
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direction,  viz.,  that  irritation,  mechanical  or  chemical,  is  beneficial: 
Thus  the  beneficial  efiects  of  lactic  acid  are  greatly  enhanced  if,  while 
applying  it,  the  mucous  membrane  is  rubbed.  The  hyperaemia  pro- 
duced with  its  attendant  leucoeytosis  is  obviously  the  main  beneficial 
agent,  the  lactic  acid  aiding  by  destroying  what  bacilli  it  reaches. 

Cases  of  primary  tuberculosis  of  the  larynx  have  been  reported 
by  E.  Fraenkel,  Trifiletti,^  J.  Solis  Cohen"*  and  many  other  observers 
since.  In  some  of  these  instances  careful  examination  of  the  lungs 
showed  that  they  were  normal.  Such  instances  are  rare  in  comparison 
to  the  laryngeal  tuberculosis  that  accompanies  pulmonary  tuberculosis, 
and  which  occurs  in  about  35  per  cent,  of  all  cases.  The  opinion  that 
infection  by  the  sputum  can  occur  is  disputed  by  some,  but  as  Cornet"^ 
says,  "The  theory  of  certain  authors  that  laryngeal  tuberculosis  is  not 
due  to  contact  of  the  mucous  membrane  with  the  sputum,  but  is,  as  a 
rule,  hematogenous  in  fact,  lacks  all  foundation  in  fact." 

The  human  gastric  juice  does  not  destroy  tubercle  bacilli 
ingested  with  contaminated  milk,  meats  or  other  foods.  When 
the  germs  reach  the  intestine,  however,  they  are  subjected  to  the 
proteolytic  action  of  the  auto-antitoxin  in  the  suecus  entericus, 
before  being  ingested  by  the  digestive  leucocytes.*  In  vulner- 
able, i.e.,  debilitated  subjects,  the  succus  entericus  is  insuflS- 
ciently  active  to  affect  the  virulence  of  the  bacilli;  they  not 
only  penetrate  freely  the  intestinal  epithelium  to  the  lymphatics 
under  these  conditions,  but  they  are  ingested  living  by  the 
digestive  leucocytes.*  The  proteolytic  activity  of  these  cells 
being  also  impaired  in  vulnerable  individuals,  they  are  unable 
to  digest  all  the  bacilli  ingested  by  them  with  food-stuffs  in  the 
intestinal  canal,  and  "thus  distribute  living  tubercle  bacilli 
germs  throughout  the  entire  body,  including  the  lungs.  Gen- 
eral infection  can  thus  occur,  through  the  intestinal  canal,  from 
two  directions:  (1)  direct  penetration  of  the  germs  through 
the  intestinal  walls,  (2)  through  the  intermediary  of  the  diges- 
tive leucocytes.* 

Wesener""  and  others  have  contended  that  the  gastric  juice  could 
destroy  tubercle  bacilli,  but  the  investigations  of  Frank,'"  Fischer,"^ 
Straus  and  Wurtz,'^"  and  Cadeac  and  Bournay''"  have  shown  that  such 
was  not  the  ease,  while  Lukaszewiez""^  suggested  that  the  activity  of  the 
juice  had  some  influence  on  the  result,  since  the  feeding  of  tuberculous 
meat  from  the  one  animal  to  dogs  and  cats  would  infect  the  latter,  but 
not  the  former.    The  experiments  of  Carriere''^  showed  conclusively, 
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however,  that  human  gastric  juice  sometimes  attenuated  the  bacilli,  but 
failed  to  kill  them.  Sabrazes  had  previously  suggested  that  the  greater 
part  of  the  elements  which  constitute  the  tubercle  bacillus  were  not, 
as  in  the  ease  of  cellulose  and  nuclein,  susceptible  to  digestion.  He  found 
that  it  took  36  hours'  immersion  in  gastric  juice  to  deprive  the  germs 
of  their  vitality. 

This  accounts  for  the  frequency  of  infection  by  way  of  the  intestine, 
v/hich,  according  to  Macfadyen  and  MacConkey,^^''  is  more  important  in 
this  particular  as  regards  tuberculosis  than  the  tonsils  or  adenoid 
growths.  Klebs'-'*  considers  it  the  chief  avenue  of  infection,  while 
Behring'^^  has  long  held  that  in  the  young  "the  origin  of  epidemic  pul- 
monary tuberculosis  in  man  and  the  epizootic  pulmonary  tuberculosis 
in  cattle,  is  through  an  intestinal  route."  A  large  number  of  cases 
in  which  fatal  infection  by  milk  had  been  clearly  traced  to  tuberculous 
cows  have  been  reported  by  Oliver,""  Stan~,'"  Demme,"^  Hills,"^  Ernst,"" 
Stalker  and  Niles,"^  Leonhart,"'  Sontag,"^  Hermsdorf,'**  Rich,'^*^ 
Thorne,""  all  selected  from  literature  with  the  greatest  care  by  Professor 
Repp,"'  of  the  veterinary  department  of  the  Iowa  State  College,  who 
holds  with  Theobald  Smith,'"  Pearson"'  and  Dinwiddle'^"  and  others, 
that  the  bovine  tubercle  bacillus  is  distinctly  more  virulent  for  the 
species  of  animals  thus  far  experimented  upon  than  is  the  human 
bacillus. 

Having  pointed  out'^"^  that  the  intestinal  food-products  are  taken 
up  by  the  digestive  leucocytes  and  converted  by  them  into  tissue  ele- 
ments, I  held'"  that  these  cells  were  the  normal  agents  of  infection,  and 
that  when  they  failed  to  destroy  the  germ,  living  tubercle  bacilli  could  be 
carried  from  the  intestine  to  the  lungs  as  well  as  to  other  organs.  Sims 
Woodhead'"^  says  that :  "When  the  tubercle  bacillus  is  carried  into  the 
alimentary  canal  by  the  saliva,  by  food-stuffs,  etc.,  it  is  rendered  in- 
nocuous in  more  ways  '^han  one;  but  perhaps  the  most  effectual  way  is 
by  its  being  taken  into  the  substance  of  lymphocytes  which  make  their 
way  out  and  in  from  the  lymphoid  patches,  and  which  have  the  power 
of  taking  into  their  substance  the  tubercle  bacilli.  These  lymphocytes 
return  with  their  evil  burden  to  the  lymph-glands,  and  the  glands  assist 
in  the  complete  destruction  of  the  bacilli."  Cornet'"  also  says  in  this 
connection:  "The  bacillus  has  the  power  to  penetrate  not  only  the 
intact  epithelium  (Baumgarten,  Dokroklouski,  and  Tsehistowitsch) ,  but 
also  the  entire  wall  of  the  gut,  and  ■^o  find  its  way  along  the  lymph- 
channels  to  the  mesenteric  glands,  where  it  first  begins  its  actual  career 
(Orth,  Wesener  and  the  author).  This  it  accomplishes  partly  by 
mechanical  means,  partly  by  the  aid  of  the  wandering  cells,  and  all  with- 
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out  leaving  behind  a  recognizable  trace  of  its  passage."  Petruschky'*' 
was  also  led  to  conclude  that  it  was  through  leucocytes  that  the  bronchial 
glands  were  invaded. 

The  importance  of  the  intestinal  auto-antitoxin  in  this  connection 
is  self-evident.  In  other  words,  the  power  of  the  intestinal  juices  to 
kill  the  tubercle  bacilli  (thus  arresting  their  power  to  proliferate)  is 
commensurate  with  the  proportion  of  auto-antitoxin  secreted  into  the 
intestine.  As  this  depends  upon  the  functional  efficiency  of  the  adrenal 
system,  it  is  evident  that  hypofunction  of  this  system  predisposes  the 
body  at  large  to  infection.  Such  a  condition  also  involves  general  hypo- 
nutrition.  As  Sims  Woodhead'"'  says:  "If  the  tissues  be  so  weakened 
that  their  power  of  resistance  can  be  readily  overcome  by  comparatively 
few  micro-organisms  then  infection  will  probably  follow."  This  "power 
of  resistance"  means,  from  my  standpoint,  sufficiently  active  auto-anti- 
toxin in  all  parts  of  the  body  to  kill  germs,  i.e.,  to  paralyze  their  repro- 
ductive activity — the  great  initial  danger  in  tuberculosis. 

The  lungs  are  mainly  infected  by  tubercle  bacilli  which 
reach  them,  (1)  with  the  air  through  the  respiratory  tract,  (2) 
by  phagocytes  and  lymph  derived  from  the  lymphatic  supply  of 
the  naso-pharyngeal  mucous  membrane  and  lymphoid  tissue,  (3) 
by  phagocytes  and  lymph  derived  from  the  lymphatic  supply  of 
the  intestine. 

(1)  The  entire  bronchial  tract  is  kept  free  of  bacilli  when 
the  quantity  inhaled  is  not  excessive,  by  the  ciliated  epithelium 
which  propels  a  current  of  mucus  towards  the  trachea  whence 
it  is  eliminated  by  way  of  the  larynx.  What  organisms  fail  to 
come  into  contact  with  mucus  of  the  epithelium  (owing  to  their 
position  in  the  middle  of  the  air-stream)  however,  may  reach 
not  only  the  terminal  bronchioles,  but  also  the  alveoli  or  air- 
cells  which  are  not  provided  with  ciliated  epithelium.  Here, 
they  are  met  by  phagocytes  and  auto-antitoxin,  and  if  these 
bacteriolytic  agents  are  sufficiently  active,*  the  germs  are 
promptly  destroyed ;  if  not,*  the  bacilli  penetrate  the  alveolar 
septa,  proliferate  therein,  and  initiate  the  process  of  tubercle 
formation  previously  described. 

(2)  Infection  of  the  lungs  through  the  lymphatic  system 
may  be  provoked  by  tubercle  bacilli  which  have  penetrated  the 
epithelium  of  the  nasal  mucosa,  or  invaded  the  tissues  proper 
of  the  pharyngeal  or  faucial  tonsils  owing  to  deficient  bacterio- 
lytic activity  of  the  phagocytes  of  these  organs.  Once  in  the 
lymphatics  adjoining  the  latter,  the  bacilli  can  proliferate 
freely  since  lymph  is  poor  in  all  three  of  the  constituents  of 
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auto-antitoxin,  and  especially  in  adrenoxidase  because  of  the 
absence  of  red  corpuscles.*  They  invade  in  turn  all  the  lym- 
phatic glands  of  the  neck  down  to  the  upper  part  of  the  thorax 
and  thence  the  bronchial  glands.  As  the  lymph  of  these  glands 
ultimately  reaches  the  right  and  left  lymphatic  ducts  to  be 
poured  into  the  subclavian  veins,  and  thence  into  the  superior 
vena  cava  and  the  right  heart,  it  finally  reaches  all  parts  of  the 
lungs.  Having  multiplied  in  an  excellent  culture-fluid,  the 
lymph,  the  tubercle  bacilli  are  thus  transported  by  venous 
blood — in  which  they  suffer  no  injury — ^to  all  the  pulmonary 
alveoli.* 

(3.)  Infection  of  the  lungs  through  l;}Tnphatic  paths  may 
also  occur  by  tubercle  bacilli  derived  from  the  intestinal  canal, 
i.e.,  with  the  leucocytes  and  fats  that  enter  the  lacteals  and  soon 
thereafter  the  thoracic  duct.  With  the  chyle  of  the  latter  these 
tubercle  bacilli  are  also  transported  to  the  subclavian  vein  and 
thence  to  the  superior  vena  cava  and  the  right  heart,  whence 
they  are  distributed  with  the  venous  blood  to  all  the  pulmonary 
alveoli.* 

The  view  that  infection  occurs  through  inhalation  is  the  pre- 
vailing one  and  is  urged  by  Cornet,  who  adduces  the  evidence  afforded 
by  the  access  of  coal  dust  (in  miners)  and  kindred  substances  to  the 
alveoli  themselves,  though  the  coal-particles  progressively  decrease  as 
these  cavities  are  reached.  "The  ciliated  epithelium,  which  is  a  powerful 
aid  in  removing  foreign  bodies,  is  absent  in  the  alveoli,"  says  this 
author,  "so  that  these  latter  form  a  sort  of  storehouse  for  the  dust 
particles" — and  therefore,  for  what  tubercle  bacilli  happen  to  be  in  the 
dust. 

The  opposite  doctrine,  that  the  bacilli  reach  the  lungs  through  the 
lymphatics,  has  not  gained  support  because  it  involved  the  conclusion  that 
the  germs  and  the  phagocytes  containing  them  had  to  travel  against 
the  lymph  current  from  the  bronchial  glands  to  the  pulmonary  tissues, — 
a  dubious  proposition.  By  the  normal  paths  I  submit  in  the  text,  how- 
ever, the  lymphatic  channels  are  not  only  in  direct  communication  with 
the  alveoli,  but  the  germs  or  phagocytes  containing  them  follow  the 
direction  of  the  streams  to  the  latter,  from  begining  to  end,  and  land, 
unharmed,  precisely  where  the  tubercles  are  found,  the  external  aspect 
of  the  alveolar  walls,  and  the  partitions  between  the  alveolar  recesses. 

Viewed  in  this  light,  infection  through  the  lymphatics,  whether  the 
bacilli  enter  the  body  by  the  respiratory  or  intestinal  tracts,  assumes 
a  leading  position  in  the  pathogenesis  of  the  disease.  Cornet  overlooks 
the  fact  that  miners,  stone-cutters,  etc.,  work  year  after  year  in  an  atmos- 
phere literally  befogged  with  dust,  and  that  under  such  conditions  the 
penetration  of  particles  to  the  alveoli  is  not  surprising.  A  sound  com- 
parison could  only  be  established  if  dust  composed  entirely  of  tubercle 
bacilli  were  also  inhaled  during  correspondingly  prolonged  periods.  The 
first  condition  is  seldom  if  ever  satisfied;    the  second,  therefore,  loses 
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all  weight.  St.  Clair  Thomson"'  contends  that  "all  our  knowledge  of 
physiology  and  all  the  laws  of  probability  are  opposed  to  the  possibility 
of  a  germ  suceessfulHy  running  the  gauntlet  of  the  intricacies  of  the 
upper  air  tract,  the  mucus  spread  out  for  it  to  adhere  to,  the  phagocytes 
in  readiness  to  slay  it  and  the  waving  armies  of  ciliated  epithelium  in 
constant  action  to  expel  it."  Nor  are  tubercle  bacilli  ubiquitous  hosts 
of  the  respiratory  tract  as  is  the  pneumococcus.  Both  Beco'"  and  Boni^'^ 
found  that  although  the  latter  and  many  other  organisms  were  present 
in  normal  lungs,  the  tubercle  bacillus  was  never  present.  It  must,  there- 
fore, be  wafted  directly  from  the  external  air  to  the  alveoli  to  cause  infec- 
tion, without  once  coming  into  contact  with  bronchial  walls  which  when 
the  terminal  bronchioles  are  reached  are  but  three  to  four-tenths  of  a 
millimeter  apart!  It  is  self-evident  that  the  number  of  germs  that  reach 
the  alveoli  directly  under  such  conditions  must  be  so  small  that  even 
the  local  defenses  of  a  weakling  suffice  to  annihilate  them. 

The  lymphatic  path  from  the  naso-pharyngeal  mucosa  and  the 
pharyngeal  and  faucial  tonsils  to  the  bronchial  glands  is  familiar  to 
every  one.  The  path  thence  by  way  of  the  subclavian,  the  superior  vena 
cava  and  the  heart,  to  which  I  refer,  is  in  accord  with  elementary 
anatomical  knowledge.  This  applies  likewise  to  the  connection  between 
the  intestines  and  the  thoracic  duct.  It  remains  to  be  shown,  however, 
whether  tubercle  bacilli  can  occur  in  the  lymph  or  chyle  stream  of  the 
latter.  This  was  demonstrated  recently  by  Nicolas  and  Descos,"'  who 
found  tubercle  bacilli  in  the  chyle  of  the  thoracic  duct  after  feeding 
dogs  with  soup  to  which  they  had  added  these  germs. 

Treatment. — The  treatment  of  tuberculosis  involves  as  a 
general  principle  the  cardinal  fact  that  the  endotoxin  of  the 
specific  pathogenic  organism,  Koch's  bacillus,  not  only  does  not 
provoke  (owing  to  its  identity  as  a  normal  component  part  of 
the  tissues,  phosphorus)  a  reaction  of  the  adrenal  system,  but 
that  it  contains  also  a  poison  which  depresses  the  latter.*  Its 
ravages  proceed  unchecked,  unmolested,  until  a  secondary  infec- 
tion, exciting  the  test-organ,  counteracts  the  paresis  produced  by 
the  tubercular  poison  and  enforces,  as  it  were,  a  reaction  of 
the  adrenal  system — but  too  late,  unfortunately,  to  arrest  the 
lethal  trend.*  The  indications  are,  therefore,  to  administer,  at 
the  earliest  moment,  even  though  the  diagnosis  he  uncertain, 
agents  which  stimulate  the  test-organ,  i.e.,  the  defensive  prop- 
erties of  the  adrenal  system,  with  sufficient  vigor  to  destroy  the 
germ  and  its  endotoxin.* 

This  applies  of  course  only  to  cases  in  which,  unlike  the  many 
instances  referred  to  in  the  foregoing  pages,  spontaneous  cure  does  not 
occur.  In  these  instances  (those  in  which  evidence  is  afforded  post- 
mortem that  tuberculous  lesions  have  at  some  time  existed)  the  curative 
process  is  essentially  local,  i.e.,  similar  to  that  following  burns,  injuries, 
etc.,  and  irrespective  of  any  intervention  of  the  adrenal  system. 

*  Author's  conclusion. 
""St.  Clair  Thomson:   Loc.  cit. 
i"Beco:    Arcb.  de  m6d.,  vol.  xi,  p.  317,  1899. 
if^Boni:    Deut.  Archiv  f.  klin.  Med.,  Bd.  Ixix,  S.  542,  1901. 
1™  Nicolas  and  Descos:   Jour,  de  physiol.  et  de  path,  gen.,  vol.  iv,  p.  910, 
1902. 
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Agents  Which  Cause  the  Destruction  of  the 
Tubercle  Bacillus  and  its  Endotoxin. — The  endotoxin  of 
the  tubercle  bacillus,  owing  to  the  phosphorus  it  contains,  sup- 
plies an  active  intermediary  for  the  destruction  of  the  germ 
itself  when  it  penetrates  the  arterial  blood,  owing  to  the  pres- 
ence of  adrenoxidase  in  the  latter.*  The  affinity  of  phosphorus 
for  oxygen  being  very  marked,  the  germ  is  at  once  attacked  in 
the  blood-stream;  its  main  endotoxin  is  converted  either  into 
phosphoric  acid,  a  benign  and  eliminable  product  excreted  in 
the  urine;  or,  the  sodium  of  the  plasma  aiding,  into  sodium 
phosphate.*  Tubercle  bacilli  are  not,  therefore,  found,  as  a 
rule,  in  the  blood,*  though  a  protective  covering  protects  them 
to  a  certain  extent  even  in  this  highly  oxygenized  medium. 

Ample  evidence  to  the  effect  that  the  tubercle  bacillus  is  rich  in 
nucleo-proteid — a  body  rich  in  phosphorus — has  been  submitted. 

The  tubercle  bacillus  is  protected,  according  to  Ehrlich,  by  a  resist- 
ing cell-membrane  which  accounts  for  its  resistance  to  stains.  When 
the  blood  is  poor  in  oxygen,  as  in  pre-agonal  states,  or  when  the  "vitality" 
is  very  low,  as  in  some  general  infections,  it  can  also  appear  in  the  blood, 
where  it  has  been  found  by  Wechselbaum,  Meisels,  Lustig,  Rutimeyer, 
Sticker  and  others.'^™  That  they  are  present  only  temporarily,  however, 
and  only  when  they  suddenly  invade  the  blood  in  great  numbers,  has  been 
emphasized  by  the  searching  investigations  of  Lipari  and  Lodato,"^  who 
found  that  the  bacillus  was  in  reality  present  at  no  stage  of  the  disease 
in  this  fluid.  Nor  did  they  find  it  in  the  blood  of  animals  in  which 
tubercle  bacilli  had  been  injected  intravenously.  This  applies  likewise 
to  the  proliferation  of  these  germs.  Cornet,"^  in  fact,  states  that  "the 
tubercle  bacillus  is  not  a  blood  bacterium  and  does  not  grow  in  the 
blood."  This  attests  also  to  a  radical  difference  from  extra  corpore  or 
shed  blood  which,  as  shown  by  Koch,  is  the  best  of  culture  media. 

The  fact  that  the  tubercle  bacillus  is  readily  destroyed  in 
the  blood-stream  proper  accounts  for  its  rapid  proliferation 
in  the  lymphatics,  especially  in  those  of  the  respiratory  or 
intestinal  tracts,  through  which  infection  occurs,  since  the 
lymph  contains  no  red  corpuscles  and  but  little  adrenoxidase.* 

In  the  treatment  of  the  disease,  therefore,  an  important 
indication  besides  destruction  of  the  germs  is  to  prevent  their 
proliferation  in  lymphatic  vessels  and  glands.  These  two  ends 
are  met  by  increasing  the  functional  activity  of  the  adrenal  sys- 
tem, since  the  resulting  increase  of  adrenoxidase  in  the  blood  by 
augmenting  greatly  its  oxygenizing  power  causes  (1)  a  direct 

*  Author's  conclusion. 

sticker  and  others:    Cited  by  Cornet:    Loc.  rit. 
"1  Lipari  and  Lodato:    La  Tuberculosi,  Bd.   i,  Htt.  ii,  1895. 
182  Cornet:    Nothnagel's  "Encyclo.,"  vol.  on  Tuberculosis,  1904. 
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destruction  of  the  tissue  bacilli  that  are  not  encapsulated  (in 
tubercles)  and  hastens  local  repair;  and  (2)  an  increased  pro- 
duction of  auto-antitoxin,  which,  owing  to  the  accompanying 
leucocytosis,  augments  the  phagocytic  activity  not  only  of  the 
blood,  but  of  the  lymphatic  system.* 

Iodine  is  an  efficient  agent  in  this  connection.  Not  only 
does  it  actively  stimulate  the  test-organ  and  through  it  cause 
an  increase  of  adrenoxidase,  auto-antitoxin,  and  thyroidase  in 
the  blood  and  promote  leucocytosis  (and  therefore  phagocytosis), 
but  it  likewise  increases  the  vulnerability  of  the  bacilli  to  the 
phagocytes  of  the  blood  and  lymphatic  system  by  increasing  the 
sensitizing  power  of  the  plasma  and  lymph.*  The  patient  should 
be  given  5  grains  (0.3  gm.)  of  potassium  iodide  immediately 
after  meals,  in  a  glassful  of  water.  In  some  cases,  this  suffices  to 
develop  after  a  few  days  a  slight  febrile  reaction,  the  tempera- 
ture ranging  between  100°  and  102°  F.  (37.8°  and  38.9°  C), 
with  an  increase  of  cough,  freer  expectoration — the  sputa  show- 
ing bacilli  in  some  instances,  although  these  were  absent  before 
— and  greater  distinctness  of  the  physical  signs.  This  indicates 
that  the  curative  process  has  begun.*  If  these  signs  fail  to 
appear  the  dose  should  be  gradually  increased  by  2  grains  (0.13 
gm.)  every  other  day  until  10  grains  (0.6  gm.)  are  reached. 
If  at  this  time  the  reaction  does  not  occur  (which  is  seldom  the 
case  when  no  diagnostic  error  has  been  made)  iodine  should  in 
addition  be  introduced  either  by  inunction  or  subcutaneous  in- 
jection, resorting  to  either  of  the  methods  indicated  below. 

If  the  remedy  is  not  well  borne,  or  if  distinct  progress  is 
not  made,  more  vigorous  drugs,  viz.,  thyroid  extract  or  mer- 
cury, are  indicated.* 

Joseph  Walsh,"'  of  the  Phipps  Institute,  states  that  "the  only 
specific  which  has  stood  the  test  of  time  in  tuberculosis  is  iodine."  The 
power  of  this  halogen  to  increase  general  metabolism  has  been  reviewed 
at  length  under  "Iodine,"  to  which  the  reader  is  referred.  That  it 
affects  pulmonary  morbid  processes  is  emphasized  by  the  fact  that  in 
dogs,  injections  of  iodine  have  been  found  to  increase  markedly  the 
bronchial  secretion.  Indeed,  Sticker  and  subsequently  Vetlesen'*"  found 
that  small  doses  of  potassium  iodide  (one  tablespoonful  of  1%  per 
cent,  solution,  t.i.d.)  caused  the  appearance  of  rales  strictly  limited  to 
the  pulmonary  areas  where  tubercular  lesions  were  likely  to  appear. 
After  two  or  three  days  the  cough  is  somewhat  increased  and  the  expec- 


*  Author's  conclusion. 

"3  Joseph  VPalsh:  The  Georgia  Practician,  June,  1905. 
i^Vetlesen:   Norsk  Mag.  f.  Laeger,  Oct.,  1897. 
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toration  likewise.  Out  of  27  cases,  the  7  that  were  clearly  tubercular 
gave  these  signs;  while  the  20  which  failed  to  react  in  the  same  way  (and 
to  the  tuberculin  test  likewise )  proved  not  to  be  tubercular.  E.  F. 
Wells'"*  confirmed  these  observations  and  obtained  the  reaction  in  two- 
thirds  of  his  cases. 

The  use  of  iodoform  in  surgical  tuberculosis  suggested  that  it  might 
also  be  of  value  in  phthisis.  Flick,""  after  using  this  drug  and  europhen 
in  a  large  number  of  cases,  concluded :  ( 1 )  That  incipient  cases  can 
almost  always  be  cured  by  europhen  or  iodoform  inunctions.  (2)  That 
cases  advanced  to  the  breaking  down  stage  may  be  improved  very  much 
by  this  method  of  treatment  and  can  sometimes  be  cured.  A  tablespoon- 
ful  of  the  following  mixture  is  rubbed  into  the  inside  of  the  thighs  and 
arms  before  retiring  at  night:  IJ  Europhen,  1  drachm  (4  gm. )  ;  oil  of 
rose,  1  drop;  oil  of  anise,  1  drachm  (4  gm. )  ;  olive  oil,  2%  ounces  (75 
gm. ) .  Bathing  the  regions  treated  with  bay-rum  on  rising  eliminates 
all  odor.  Iodoform  has  also  been  recommended  by  Daremberg,  Ransom, 
DeRenzi,  Knopf,  Foxwell,  Russell  and  others.  Flick,  however,  prefers 
europhen. 

Illustrating  more  pointedly  the  effects  I  attribute  to  the  action 
of  iodine  upon  the  adrenal  system,  however,  is  a  paper  by  Geo.  A.  Brown'" 
who  employed  a  solution  composed  of  precipitated  iodoform  (96  per  cent. 
I.)  100  grains  (6.6  gm.);  125  minims  (7.7  c.c.)  of  glycerin;  carbolic 
acid  5  minims  (0.3  c.c);  boiled  distilled  water  300  minims  (20  c.c). 
This  solution  is  sterilized  and  injected  after  cleansing  the  skin  and 
freezing  it  with  ethyl  chloride.  In  pulmonary  cases  24  minims  (1.4  c.c.) 
were  injected  at  intervals  varying  from  two  to  four  weeks,  or  more 
toward  the  end,  but  with  %  gr-  (0.016  gm.)  every  four  hours  during 
the  interval  and  inhalations  of  iodine.  The  improvement  began  from 
the  first  dose  in  all  Cif  the  14  eases  reported,  including  cases  of  glandular, 
cutaneous  and  intestinal  tuberculosis.  The  author  states  that  leucocy- 
tosis  is  produced,  that  "the  increase  corresponds  with  the  iodoform  in- 
jected," and  that  it  occurs  with  a  rise  of  temperature.  In  a  chart  he 
also  shows  a  marked  rise  of  urea  excretion,  which  corresponds  with  an 
increase  of  appetite,  and  gain  of  flesh  and  strength.  The  curative 
process  in  a  cutaneous  tubercle  is  described  as  follows:  "There  is  a  rise 
of  temperature  in  the  first  twelve  hours,  and  by  twenty-four  hours  one 
notices  a  yellow  spot  in  the  center  of  the  tubercle,  and  almost  complete 
depletion  of  the  inflammatory  products  in  the  skin  around  the  tubercle. 
The  skin  becomes  soft  and  pliable.  By  the  end  of  four  days  the  yellow 
spot  becomes  a  crust,  is  absorbed  or  falls  out  and  leaves  a  small  ulcer, 
which  soon  heals  over  and  eventually  bleaches  out  as  scar  tissue." 

Iodine  is  now  preferred  by  most  clinicians.  It  was  highly  recom- 
mended by  Potain,  Durante  and  other  European  authorities,  and  in  this 
country  by  Ingraham,  Knapp,  Fleisberg  and  others.  Among  the  more 
efiicacious  methods,  those  of  Mellor  Tyson,  of  Croftan  may  be  mentioned. 

T.  Mellor  Tyson'"*  has  used,  in  a  large  number  of  cases,  at  the 
Rush  Hospital,  an  iodole  composed  of  20  grains  (1.3  gm.)  of  iodine  to 
the  ounce  of  olive  oil,  one  drachm  (4  gms.)  of  which  was  rubbed  into 
the  skin  three  times  a  day,  the  dose  being  gradually  increased  to  one- 
half  ounce  t.i.d.  The  patients  also  received  V25  grain  (0.0026  gm. ) 
strychnine  t.i.d.,  nourishing  food  and  were  out-of-doors  considerably. 
In  the  advanced  cases  the  improvement  was  only  temporary,  but  in  the 
incipient  ones  it  continued  as  long  as  the  patients  were  under  observation. 
The  improvement  covered  general  conditions,  strength,  weight,  cough, 


166  E.  p.  Wells:  Jour.  Amer.  Med.  Assoc.,  Feb.  4,  1899. 
"'Flick:   ma.,  July  31,  1897. 

Geo.  A.  Brown:   Montreal  Med.  Jour.,  Apr.,  1906. 
"ST.  Mellor  Tyson:   Jour,  of  Tuberculosis,  Jan.,  1901. 
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expectoration,  dyspnoea,  appetite,  and  even  physical  signs.  In  some  of 
the  incipient  eases  the  cough  and  expectoration  disappeared  entirely, 
while  in  others  they  diminished  gradually;  the  greatest  change  in  the 
physical  signs  was  a  diminution  in  intensity  in  the  abnormal  breathing 
sounds.  The  previously  harsh  bronchial  or  broncho-vesicular  sound 
became  soft  and  the  expiratory  sound  seemed  to  be  less  marked.  Rales 
that  were  heard  over  the  affected  area  seemed  to  be  markedly  diminished 
and  in  some  cases  to  disappear  altogether. 

As  Croftan^""  states,  accurate  dosage  is  essential,  as  large  doses 
aggravate  while  too  small  doses  prove  inefficient.  In  a  report  of  27 
selected  cases,  19  of  which  had  circumscribed  areas  of  infection,  treated 
by  means  of  iodipin  injections  and  which  gave  results  "sufficiently 
striking  to  warrant  an  optimistic  view" — though  not  conclusive — pro- 
fuse sweats,  some  pyrexia,  acceleration  of  the  pulse;  hypochondria  were 
observed  in  some  instances.  Beginning  with  one  drop  of  iodipin  dis- 
solved in  one-half  drachm  (2  c.c. )  of  sterilized  oil,  one  drop  was  added 
to  the  dose  each  day,  the  dosage  being  regulated  by  the  effect.  As  soon 
as  improvement  became  apparent  the  dose  was  continued  30  to  60  days. 
If  insufficient  it  was  increased  drop  by  drop,  not  exceeding  60  minims 
(4  c.c).  Croftan  regards  incipient  tuberculosis  one  of  the  most  easily 
cured  of  bacterial  diseases. 

Certain  cases,  those  in  which  there  is  marked  pallor  of  the 
mucous  membranes,  especially  of  the  soft  palate  above  the  uvula, 
patients  with  auburn  hair,  or  in  a  word,  cases  in  which  the  vital 
process  is  markedly  hypoactive,  are  rapidly  benefited  by  thyroid 
extract  in  3-grain  (0.3  gm.)  doses  after  meals,  gradually  in- 
creased to  5  grains  (0.3  gm.).*  Such  doses  increase  the  gen- 
eral nutrition,  and  activate  the  defensive  process  more  vigor- 
ously than  the  preparations  of  iodine.*  Thyroid  extract  is  also 
indicated  when  iodine  or  the  iodides  are  not  well  borne  by  the 
patient.* 

The  treatment  of  tuberculosis  by  thyroid  extract  was  employed 
first  by  myself.  In  the  dose  metioned  in  the  text  its  use  has  never 
given  rise  to  untoward  effects.  In  incipient  cases,  in  which  the  physi- 
cal signs  are  clearly  marked,  the  benefit  is  sometimes  obtained  very 
rapidly.  In  one  of  my  cases,  a  tall  man  weighing  170  pounds,  the  loss 
of  weight,  45  pounds  in  eight  months,  was  at  once  checked,  and  in  three 
weeks  he  had  regained  10  pounds.  He  is  now  in  perfect  health  and  his 
cough  has  completely  disappeared.  Thyroid  extract  is  quite  as  effective 
in  tuberculosis  of  organs  other  than  the  lungs — provided  the  doses  used 
be  not  too  large.    It  is  not  indicated  in  the  third  stage. 

Klebs""  used  thyroid  extract  to  counteract  the  achylia  gastrica  of 
tuberculosis.  Not  only  did  it  prove  effective,  but  the  author  cites  two 
cases  in  which  "the  weight  increased  markedly  as  a  result  of  the  thyroid." 
The  evidence  is  all  the  stronger  in  that  the  author  did  not  realize  that 
he  was  benefiting  the  general  disease  proper.  We  have  seen  that  Morin 
(1895)  noted  atrophy  of  the  thyroid  in  a  large  proportion  of  consump- 
tives— a  fact  which  in  itself  accounts  for  the  beneficial  effects  I  have 
observed. 


*  Author's  eonelusion. 

"'Croftan:  Jour.  Amer.  Med.  Assoc.,  Nov.  17,  1900. 
""Klebs:    Berl.  klin.  Woch.,  Bd.  xxxvi,  S.  1100,  1899. 
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Mercurials,  we  have  seen,  are  powerful  stimulants  of  the 
adrenal  system,  the  efficacy  in  syphilis  being  due  to  this  prop- 
erty.* Calomel  has  been  considered  by  some  quite  as  efficacious 
in  tuberculosis  as  mercurials  are  in  syphilis.  Small  tonic  doses 
should  alone  be  used  and  mercurialism  be  strictly  avoided.  The 
biniodide  of  mercury,  grain  (0.004  gm.J  three  times  daily 
is  a  safer  preparation  than  calomel  in  this  connection  and  is 
equally  effective.* 

Stuart,  Shattuck  and  Bowditch"^  coincide  in  the  view  that  if 
every  case  of  pulmonary  tuberculosis  were  treated  with  mercury  and 
potassium  iodide  more  might  be  cured.  Edelheit"^  obtained  very  favor- 
able results  from  the  use  of  calomel  both  in  tuberculosis  and  broncho- 
pneumonia and  attributes  his  results  mainly  "to  the  property  calomel 
possesses  of  stimulating  organic  changes  and  the  vitality  of  all  mucous 
membranes,  including  those  of  the  respiratory  tract."  The  beneficial 
results  were  especially  marked  in  the  chronic  type,  and  much  less  so 
in  acute  and  subacute  caoes.  He  administers  it  in  pill  form: 
B  Calomel,  0.6  gm.  (10  grs. );  beechwood  creosote,  2  gms.  (30  grs. )  ; 
balsam  tolu,  6  gms.  (90  grs.)  ;  extract  of  calamus  and  powdered  cala- 
mus, of  each  enough  to  make  60  pills,  6  of  which  are  to  be  taken  daily. 
Giampietro"'  also  reported  a  number  of  cases  cured  by  calomel,  which 
he  considers  as  much,  of  a  specific  in  tuberculosis  as  it  is  in  syphilis. 
Other  clinicians  have  found  mercury  of  great  value  in  tuberculosis. 
Miquel  and  Rueff,"*  Martell"^  and  others  who  obtained  favorable  results 
by  using  it  in  the  form  of  spray,  ascribe  the  benefit  to  antisepsis;  but 
sprays  only  reach  bacteria  that  are  being  eliminated.  It  was  the  result 
■ — interpreted  from  my  standpoint —  of  stimulation  of  the  adrenal  system 
after  a  sufiBeient  quantity  had  been  absorbed. 

Agents  Which  Enhance  the  Nutrition  and  the  Pro- 
tective Efficiency  of  the  Lungs. — Creosote  is  a  valuable 
remedy  in  the  first  and  second  stages  of  tuberculosis,  excepting 
those  cases  in  which  the  asthenia  is  to  any  degree  marked.*  In 
therapeutic  doses  it  excites  the  test-organ,  thus  increasing  the 
volume  of  auto-antitoxin  in  the  blood,  and  simultaneously  de- 
presses the  sympathetic  centers.*  The  arterioles  being  dilated, 
an  excess  of  blood  rich  in  auto-antitoxin-  is  admitted  into  all 
capillaries,  including  those  of  the  diseased  area,  and  the  cura- 
tive process  is  hastened.*  The  most  satisfactory  preparation  is 
the  creosote  carbonate,  which  does  not  disturb  the  stomach  even 
in  large  doses,  when  given  during  meals — half  way  between 
soup  and  dessert — and  in  capsules,  which  carry  the  drug  safely, 

*  Author's  conrhixion. 

"iBowditch:   Boston  Med.  and  Surg.  Jour.,  Dec.  20,  1889. 

"SBdelheit:   Wiener  Klinlk,  Bd.  xxii,  S.  259,  1895. 

"3  Giampietro:   Gazz.  degli  Osped.,  vol.  xvi,  p.  1467,  1895. 

Miquel  and  Rueff :    Lancet,  Nov.  3,  1888. 
"^Martell:    Wiener  med.  Woch.,  Bd.  xxxix,  S.  55,  1889. 
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though  it  is  a  thick,  oily  liquid.  Beginning  with  5  drops  three 
times  a  day,  the  dose  can  be  increased  gradually  to  40  drops. 

The  beneficial  effect  of  creosote  carbonate  is  increased  and 
any  tendency  to  depress  is  counteracted  by  giving  with  each  dose 
and  in  separate  capsules,  3  grains  (0.2  gm.)  of  thyroid  extract* 
The  two  agents  can  also  be  given  to  asthenic  cases.*  The  addi- 
tion of  the  thyroid  extract,  by  increasing  the  proportion  of  thy- 
roidase  in  the  blood,  also  enhances  its  sensitizing  action  upon 
the  bacteria  (as  opsonin) — a  property  which  creosote  only  pro- 
cures when  given  in  very  large  doses.* 

I  showed  in  the  section  on  creosote  that  it  could  markedly  depress 
both  the  sympathetic  and  vasomotor  centers.  This,  and  the  fact  that  the 
preparations  available  are  not  always  pure,  accounts  for  the  cases  in 
which  untoward  effects  have  been  noted.  Stoerk""  taught  that  when  it 
caused  nausea  or  vomiting,  it  would  do  harm.  This  is  an  excellent 
guiding  symptom,  since  it  indicates  gastric  dilation  and  asthenia;  but 
from  my  viewpoint  this  condition  indicates  that  the  use  of  creosote 
should  be  preceded  for  a  time  by  a  course  of  thyroid  extract  or  iodine, 
to  overcome  the  general  asthenia.  After  two  or  three  weeks  the  creo- 
sote is  well  borne.  Since  I  have  used  creosote  carbonate  in  the  manner 
indicated  above,  even  the  largest  dose  mentioned  has  never  caused  the 
least  gastric  disturbance.  Chaumier"'  gave  from  10  to  20  gms.  ( 150 
to  300  minims)  daily  without  causing  the  least  gastric  disturbance. 
The  true  contraindications  are  marked  fever  or  tendency  to  repeated 
haemoptysis. 

The  great  role  that  creosote  plays  in  the  treatment  of  tuberculosis 
since  it  was  first  introduced  by  Bouchard,  in  1877,  needs  no  emphasis. 

Strychnine  causes  effects  somewhat  similar  to  those  of  creo- 
sote, but  through  a  different  mechanism.  It  stimulates  the 
test-organ  and  increases  the  proportion  of  auto-antitoxin  in  the 
blood ;  but  it  excites  also  the  vasomotor  center  and  by  provoking 
constriction  of  all  arteries,  causes  a  larger  volume  of  blood  rich 
in  auto-antitoxin  to  circulate  in  the  capillaries  including  those 
of  the  diseased  area.*  Beginning  with  ^/ig^  grain  (0.0005 
gm.)  three  times  daily,  the  dose  is  gradually  increased  until 
the  physiological  effects  of  the  drug  are  noted,  when  the  dose 
is  no  longer  increased. 

Strychnine  is  now  used  mainly  as  a  tonic  along  with  other 

drugs,  especially  iodine.    It  should  not  be  given  with  creosote, 

however,  since  it  antagonizes  its  effects  on  the  vascular  centers.* 

The  value  of  strychnine  in  tuberculosis  was  pointed  out  by  the  late 
William  Pepper,"^  who  reported  a  ease  cured  by  this  drug  as  main 

*  Author's  conclusion. 

""Stoerk:    Archiv  f.  Laryn.  u.  Rhin.,  Bd.  i,  S.  208,  1893-94. 
"'Chaumier:    La  medecine  moderne,  Nov.  16,  1895. 
178  wiUiam  Pepper:   Univ.  Med.  Mag.,  Dec,  1895. 
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remedy.  T.  J.  Mays""  recommends  it  highly,  and  raises  the  dose  from 
V30  grain  (0.002  gm. )  very  gradually  until  the  physiological  effects  are 
observed  (about  V12  gr. — 0.005  gm.),  then  maintains  it  at  that  point. 
All  symptoms  are  improved,  including  the  cough.  Ferran""  likewise 
praises  strychnine.  W.  F.  Milroy,"^*^  who  has  used  it  considerably  "with 
the  most  gratifying  results,"  sustains  Pepper's  teaching  that  the  success 
"is  dependent  upon  its  administration  in  the  maximum  physiological 
dose." 

Digitalis  is  highly  beneficial  in  asthenic  cases,  especially 
when  the  heart  is  dilated  owing  to  hypoactivity  of  the  adrenal 
system.*  Not  only  does  it  stimulate  powerfully  the  adrenal 
center  and  greatly  increase  the  quantity  of  auto-antitoxin  in 
the  blood,  but  the  direct  action  of  the  increased  adrenal  secre- 
tion on  the  right  ventricle,  by  augmenting  the  contractile  power 
of  the  latter,  causes  the  blood  to  be  distributed  with  more  vigor 
throughout  both  lungs,  including  the  diseased  areas.*  Digi- 
taline,  Yg  grain  (0.008  gm.),  gradually  increased  to  ^/^  grain 
(0.016  gm.)  twice  daily  during  meals  if  given  alone,  or  one-half 
these  doses  if  given  with  other  adrenal  stimulants,  is  of  great 
value  in  the  class  of  cases  mentioned.* 

In  the  first  volume'"  I  stated  that  "weakness  of  the  right  ventricle 
as  a  result  of  suprarenal  insufficiency  is  an  important  factor  in  the 
pathogenesis,"  and  also'*^  that  absolute  integrity  of  the  adrenal  system 
is  "a  sine  qua  non  of  perfect  immunity  against  pulmonary  tuberculosis, 
i.e.,  against  the  intrusion  of  pathogenic  germs  of  any  kind  (and  par- 
ticularly the  tubercle  bacillus)  in  the  circulations  not  only  of  the  lungs, 
but  also  of  the  intestines."  In  a  recent  paper,  Stow'**  adduced  consider- 
able evidence  showing  that  "heart  lesions  accompanied  by  well-marked 
pulmonary  stasis,  thus  concentrating  in  the  lungs  the  immunizing 
agents  of  the  blood,  whatever  they  may  he,  are  rarely  followed  by 
phthisis  pulmonalis,  or  if  this  previously  existed,  they  exert  a  salu- 
tary effect  upon  it,  and  that  the  reverse  conditions  frequently  are  fol- 
lowed by  pulmonary  tuberculosis."  The  reader  must  be  referred  to  the 
original  for  the  data  presented,  which  fully  sustain  what  I  have  ad- 
vanced several  years  earlier,  pointing  out  also  the  identity  and  the 
source  of  the  immunizing  agents.  The  digitalin  I  use  in  the  class  of 
cases  mentioned  is  Merck's  German,  which  is  quite  uniform  in  its 
action. 

The  influence  of  high  altitudes  on  the  prevention  and  cure 
of  pulmonary  tuberculosis  is  due  to  the  concomitant  action  of 
some  of  the  factors  referred  to  above.*  The  atmospheric  pres- 
sure being  reduced  proportionally  with  the  altitude,  the  volume 
of  oxygen  per  cubic  foot  of  air  is  correspondingly  reduced. 


*  Author's  ronclunion. 

"»T.  J.  Mays:    Jour.  Amer.  Med.  Assoc.,  Oct.  10,  1896. 
isoperran:    La  medecine  inoderne,  vol.  xii,  p.  383,  1901. 
"iW.  P.  Milroy:    N.  Y.  Med.  Jour.,  Aug.  25,  1906. 

Cf.  vol.  i,  p.  228,  Foot-note. 

Of.  vol.  i,  p.  774. 
18*  Stow:    Amer.  Jour.  Med.  Sci.,  Oct.,  1906. 
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In  order  to  insure  adequate  oxygenation,  the  number  of  red 
corpuscles  is  (physiologically)  increased,  and  the  proportion  of 
oxyhaemoglobin  (adrenoxidase)  likewise.  The  contractions  of 
the  heart  and  vessels  being  more  vigorous  and  numerous,  more 
blood,  richer  in  adrenoxidase,*  circulates  through  the  lungs  in 
a  given  time  than  at  a  lower  altitude.  The  conditions  that 
exist  under  the  influence  of  digitalis  are  thus  reproduced,  viz., 
the  lungs  are  more  actively  immunized  during  health  and 
disease.* 

Ouihof-door  life,  i.e.,  living  in  the  open  air  as  nearly  as  pos- 
sible all  the  time,  is  a  potent  factor  in  the  cure  of  tuberculosis. 
Sunlight  and  fresh  air  are  themselves  remedial,  the  latter  by 
affording  the  adrenal  secretion  as  it  passes  the  alveoli  to  become 
converted  into  adrenoxidase,*  a  volume  of  oxygen  which  the 
partially  reduced  air  of  a  room  does  not  afford.  The  balcony, 
roof,  or  garden  of  a  residence  may  be  used  to  advantage  in  this 
connection,  warm  clothing  and  shelter  from  wind  and  rain 
being  about  the  only  precautions  indicated.  The  breathing  of 
cold  air  is  not  hurtful,  day  or  night,  as  a  given  volume  of  cold 
air  contains  more  oxygen  than  the  same  volume  of  warm  air. 

That  the  pulse-rate,  the  rate  and  depth  of  respirations  and  the 
vigor  of  the  cardiac  contractions  are  increased  in  high  altitudes  is  gen- 
erally recognized.  The  fact  that  the  respiratory  exchange  is  actually 
increased  was  shown  by  Biirgi.^'"'  The  augmentation  of  red  corpuscles 
corresponds  with  the  altitude;  thus  Huggard,^'"  in  a  table,  gives  among 
others  the  following  comparative  observations:  Sea  level,  4,974,000 
(Laache);  Zurich,  411  meters,  5,752,000  (Stierlin);  Davos,  1560 
meters,  6,551,000  (Kiindig)  ;  Arosa,  1800  meters,  7,000,000  (Egger)  ; 
Cordilleras,  4392  meters,  8,000,000  (Viault).  Comparative  experiments 
at  Basle  (266  meters)  and  Davos  (1560  meters),  by  Jaquet  and  Suter,"^ 
showed,  moreover,  that  in  rabbits  "the  entire  quantity  of  blood  was 
greater  by  14.8  per  cent,  in  the  Davos  than  in  the  Basle  rabbits." 
Huggard  also  states  that  "the  hsemoglobin  usually  increases  in  amount." 
De  Saussure'*^  observed  in  high  altitudes  "a  kind  of  fever  produced  by 
the  frequency  of  the  respiration,  which  quickens  the  circulation  of  the 
blood." 

Space  cannot  be  devoted  to  a  description  of  the  many  devices  that 
have  been  proposed  to  insure  adeqviate  out-of-door  life  and  yet  protect 
the  patient  from  the  inclemencies  of  the  weather.  Considerable  valu- 
able information  on  the  subject  will  be  found  in  a  recently-published 
work  by  J.  B.  Huber,  of  New  York,  on  "Consumption  and  Civilization." 

Agents  Which  Cause  Destruction  of  the  Tubercle 
Bacilli  Indirectly. — The  beneficial  effects  of  tuberculin  are 

*  Aiilhnr's  conclv.nion. 

"^Burgi:    Arch.  f.  Anat.  u.  Phys.,  Physiol.  Abth.,  S.  509,  1900. 
"0  Huggard:    "Handb.  of  Climatology,"  p.  127,  1906. 

Jaquet  and  Suter:    Corrps.  f.  Schweitzer  Aerzte,  Bd.  xxviii,  S.  104,  1898. 

de  Saussure:   Cited  by  Huggard:   hoc.  cit. 
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indirect  in  that  this  substance  depresses  the  test-organ.  It 
provolees  a  fall  of  the  opsonic  index  which  lasts  from  a  few  hours 
to  two  weeks.  This  is  due  to  the  depressing  action  it  has  upon 
the  test-organ,  which  entails  a  corresponding  decrease  of  adren- 
oxidase  in  the  blood.*  The  general  adynamia  observed  during 
the  first  and  second  stages  indicates  that  tissue  metabolism 
is  deficient  from  the  start,  owing  to  this  factor — the  identical 
one  which  causes  the  opsonic  index  to  be  low  in  this  disease.* 
When  successive  doses  of  tuberculin  are  administered,  the  blood 
becomes  too  poor  in  oxygen  to  carry  on  catabolism  (the  phase 
of  metabolism  always  morbidly  influenced  first),  and  waste- 
products  of  various  kinds,  including  the  detritus  from  the  dis- 
eased areas,  accumulate  in  the  blood.*  A  pseudo-pyaemia  or 
septicaemia  being  thus  evoked,  the  usual  result  follows:  the 
adrenal  system  reacts  more  or  less  actively,*  as  shown  by  the 
rise  of  temperature.  The  blood  becomes  rich  in  auto-antitoxin; 
the  opsonic  index  rises  and  the  destruction  of  wastes  and  de- 
tritus proceeds — along  with  all  the  tubercle  bacilli  that  are 
within  reach  of  the  blood's  adrenoxidase,  its  thyroidase,  and  its 
phagocytes. 

Hence  the  danger  of  employing  large  doses  of  tuberculin. 
The  functional  activity  of  the  test-organ  and  of  all  the  organs 
of  the  adrenal  system  is  lowered  to  such  a  degree,  that  the 
protective  mechanism  cannot  react,  and  the  more  tuberculin  is 
injected  the  worse  this  condition  (the  negative  phase  of  Pro- 
fessor Wright)  becomes.  This  entails  another  morbid  factor : 
the  proportion  of  auto-antitoxin  and  thyroidase  in  the  blood 
being  greatly  diminished,  the  tubercle  bacilli  are  allowed  to 
multiply  rapidly,  the  adrenal  system  is  increasingly  depressed, 
while  the  blood  is  further  deprived  of  oxygen.  A  vicious  circle 
is  started  which  ends  in  general  collapse.*  The  discouraging 
results  obtained  by  Koch  and  his  followers  when  tuberculin 
was  first  introduced  are  thus  accounted  for. 

When  minute  doses  of  tuberculin  are  used  in  chronic  eases 
which  show  a  low  opsonic  index  and  no  fever,  such  untoward 
effects  do  not  occur.  The  blood's  adrenoxidase  is  only  reduced 
sufficiently  to  permit  a  slight  accumulation  of  toxic  wastes* — ■ 
enough  to  cause  a  reaction  of        to  1°  F.  (0.28°  to  0.55°  C). 


*  Author's  conclusion. 
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As  the  least  increase  of  auto-antitoxin  in  the  blood  is  destructive 
to  any  tubercle  bacillus  reached,  each  time  such  a  febrile  state 
is  brought  about  many  germs  are  destroyed  and  the  time  finally 
comes,  in  suitable  cases,  when  none  remain  to  propagate  their 
kind.* 

This  process  accounts  for  the  manner  in  which  tuberculin 
indicates  the  presence  of  tuberculosis,  i.e.,  for  its  usefulness  in 
diagnosis.*  In  a  normal  subject  the  presence  of  an  average 
quantity  of  adrenoxidase  causes  the  tuberculin  to  be  destroyed 
at  once;  conversely,  a  tuberculous  subject  whose  test-organ 
(and  therefore  the  adreno-thyroid  centers)  is  already  mate- 
rially depressed  is  always  on  the  verge  of  pseudo-pyaemia  due 
to  hypocatabolism.*  The  additional  reduction  of  oxygen  which 
the  test-dose  entails  suffices,  therefore,  to  produce  the  most 
prominent  symptom  of  pyaemia :  fever.* 

All  this  is  based  upon  the  effects  of  Tuberculin  T.  R.  employed  by 
Professor  Wright.  The  fact  that  this  observer  says  himself  that  there 
occurs  after  its  use  "a  period  of  intoxication  which  is  characterized  by 
a  decline  in  the  antibacterial  properties  of  the  blood"  which  is  "more 
or  less  prolonged"  according  to  the  dose,  shows  plainly  that  its  effects 
are  due  to  direct  stimulation  of  the  test-organ.  The  character  of  the 
febrile  process  incited  is  plainly  that  described — a  normal  outcome  of 
the  depression  which  the  tuberculin  produces. 

The  various  explanations  of  the  mode  of  action  of  the  many  vac- 
cines and  sera  tried  so  far,  have  included  the  word  "immunity."  Koch 
ascribes  it  to  a  local  action  on  diseased  areas;  Ehrlich  to  union  with 
receptors  produced  by  tissue-cells;  Marmorek  to  a  sensitizing  action  on 
the  tubercle  bacilli,  combined  with  a  thermogenic  action.  Behring — 
at  least  his  new  T.  C. — to  a  direct  action  on  the  cells  of  the  host. 
These  are  in  reality  but  guesses  which  th'-ow  no  light  upon  the  ques- 
tion. Wright's  demonstration  of  the  increased  opsonic  index  has  fur- 
nished the  most  valuable  indication  on  this  score,  though  even  he  does 
not  point  to  the  source  of  the  immunizing  substances.  Indeed,  without 
the  adrenal  system,  which  supplies  all  the  factors  required  to  elucidate 
the  question  as  a  whole,  the  problem  was  inscrutable. 

As  to  the  results  of  sanatorium  cases  treated  with  tuberculin,  a 
table  prepared  recently  by  Fortescue-Brickdale,''^  gives  a  percentage  of 
88  per  cent,  cures  in  863  cases.  In  this  country,  Pottenger'™  collected 
611  cases  with  64  per  cent,  of  cures.  Both  these  series,  however,  refer 
only  to  patients  in  the  first  stage.  Von  Ruck,  of  Asheville,  N.  C.,^"^  who 
uses  a  watery  filtered  extract — far  safer,  therefore,  than  tuberculin — 
has  obtained  good  results  in  the  three  stages  when  the  disease  existed 
in  an  uncomplicated  form,  viz.,  94  per  cent,  in  beginning  phthisis  (171 
cases)  ;  65.7  per  cent,  in  more  advanced  cases  (350  cases)  ;  and  27.3 
in  the  "far  advanced  stages"  (352  cases). 

The  crucial  feature  of  the  question,  however,  is  the  comparison  of 
patients  treated  with  tuberculin,  with  patients  in  which  it  was  not  used, 

*  Author's  conclusion. 

"0  Portescue-Brickdale:    Bristol  Med.-Chir.  Jour.,   Mar.,  1906. 
i«>  Pottenger:    Therap.  Gaz.,  Mar.  15,  1903. 
i^Von  Ruck:    Med.  Record,  Jan.  20,  1906. 
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although  the  climatic  and  other  advantages  were  the  same.  Trudeau, 
of  Saranac  Lake,"^  gives  the  following  percentages  calculated  on  the 
basis  of  an  equal  number  of  treated  and  untreated  patients:  — 


INCIPIENT 

TUBERCULIN — 

Apparently  cured 

Disease  arrested 

Active 

Treated 
Untreated 

56  per  cent. 
50  per  cent. 

34  per  cent. 
38  per  cent. 

10  per  cent. 

11  per  cent. 

ADVANCED 

TUBERCULIN — 

Apparently  cured 

Disease  arrested 

Active 

Treated 
Untreated 

27  per  cent. 
6  per  cent. 

55  per  cent. 
51  per  cent. 

18  per  cent. 
43  per  cent. 

The  post-discharge  mortality  affords  more  exact  evidence,  how- 
ever: The  following  table  includes  the  cases  discharged  during  the  last 
15  years  from  Saranac  Lake,  omitting  the  last  year: — 


INCIPIENT 

ADVANCED 

TUBERCULIN — 

Living 

Dead 

Living 

Dead 

Treated 
Untreated 

79  per  cent. 
63  per  cent. 

21  per  cent. 
37  per  cent. 

61  per  cent. 
36  per  cent. 

39  per  cent. 
64  per  cent. 

Although  these  figures  do  not  show  so  striking  a  result  as  statis- 
tics based  on  all  cases  treated  with  tuberculin,  the  fact  remains  that 
tuberculin  improves  greatly  the  chances  of  recovery.  One  salient  point 
asserts  itself,  however:  the  advanced  cases  are  shown  to  derive  con- 
siderable benefit  from  this  treatment  in  sanatoria,  a  fact  which  cannot 
be  said  to  apply  to  private  •  practice.  Conversely,  judging  from  the 
results  obtained  by  others  and  my  own,  I  believe  that  during  the  first 
and  second  stages  of  the  disease,  the  use  of  iodine,  thyroid,  etc.,  in  the 
manner  indicated,  and  with  the  auxiliary  measures,  saline  solution, 
out-of-door  life,  etc.,  affords  at  least  as  good  a  chance  of  recovery  as 
the  use  of  tuberculin  or  any  similar  method  of  treatment. 

Agents  Which  Increase  the  Alkalinity  of  the  Blood. 
— Important  in  connection  with  all  the  foregoing  measures  is 
the  preservation  of  the  alkalinity  of  the  blood  up  to  its  normal 
standard,  a  condition  which  tuberculosis  tends  greatly  to  com- 
promise, thus  decreasing  in  proportion  the  auto-protective  func- 
tions of  the  body.  The  lymph  circulation  being  rendered  still 
more  torpid  than  usual,  the  bacteria  are  retained  longer  in  the 
lymphatic  vessels  and  glands,*  where  they  rapidly  proliferate. 
When  its  osmotic  properties  are  normal,  the  bacteria  are  swept 
with  relative  rapidity  into  the  blood-stream,  where  they  are 
soon  destroyed.* 


*  Author's  conclusion. 

"2  Trudeau:   Amer.  Jour.  Med.  Sci.,  Aug.,  1906. 
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The  patient  should  be  urged  to  drink  freely  of  water. 
When  he  eats  normally,  the  addition  of  sodium  chloride,  10 
grains  (0.6  gm.),  to  a  glass  of  milk,  taken  twice  daily,  and  the 
free  use  of  vegetables  to  insure  an  extra  supply  of  potassium 
salts  to  the  blood,  suffice.*  In  the  more  advanced  stages,  how- 
ever, the  measures  recommended  farther  on  (under  "Fever")  are 
indicated. 

Stadelmann^"'  and  A.  Robin^"*  and  many  others  have  emphasized 
the  importance  of  the  loss  of  inorganic  salts  during  tuberculosis.  Even 
those  who  antagonize  this  view,  Steinitz  and  Weigert,"'*  admit  that  their 
chemical  analyses  showed  a  diminution  of  sodium  and  chlorine  elements 
— both  essential,  we  have  seen,  to  osmosis.  The  addition  of  the  salt  solu- 
tion— by  enema  or  subcutaneous  injection — in  advanced  cases  is  at  times 
very  beneficial.  C.  Rea  Burr^*°  characterizes  as  "extraordinary"  the 
effect  observed  in  one  of  his  advanced  cases.  Quinton  used  injections 
of  isotonic  sea-water  with  success,  a  fact  confirmed  by  Chauffard^'"  and 
others.  Carles""  found  the  oral  use  of  sea-water  quite  as  effective.  It 
does  not  cause  the  sudden  rise  of  temperature — proof,  by  the  way,  that 
the  auto-antitoxin  is  suddenly  rendered  able  to  carry  on  bacteriolysis, 
etc. — observed  after  its  hypodermic  use.  The  sea-water  is  simply  fil- 
tered, since  sterilization  by  heat  impairs  its  virtues,  and  taken  at  first 
in  spoonful  doses  half  an  hour  before  meals,  the  dose  being  gradually 
increased  until  half  a  tumblerful  is  taken.  Watkins™  observed  "gran- 
ules" or  "third  corpuscles"  in  the  blood  in  tuberculosis — obviously  blood- 
platelets,  the  presence  of  which,  as  I  have  shown,  indicates  deficient 
alkalinity. 

Symptomatic  Treatment. — Cough. — One  of  the  most 
pernicious  habits  which  the  empirical  administration  of  reme- 
dies has  introduced  is  the  use  of  opiates  in  the  cough  of  tuber- 
culosis. As  they  give  relief  by  causing  sympathetic  constriction 
of  the  arterioles,  they  reduce  the  volume  of  blood  admitted  to 
the  lesions  and  promote  indirectly,  therefore,  the  multiplica- 
tion of  the  tubercle  bacilli.*  The  retention  of  sputum  which 
contains  billions  of  these  germs  per  cubic  centimeter  is  obviously 
an  additional  source  of  danger.  Cough  is  a  protective  phenome- 
non, and  is  due  usually  to  excessive  viscidity  of  the  bronchial 
secretions — a  baneful  condition  which  is  offset  by  the  use  of 
alkaline  fluids,  as  stated  above.*  When  the  patient  is  under- 
going the  medicinal  treatments  indicated  in  the  foregoing  pages, 
especially  thyroid  extract,  the  iodides,  or  creosote  carbonate,  the 

*  Author's  conclusion. 

"3  Stadelmann:   Bull.  gen.  de  therap.,  Oct.  23,  1896. 
i»*  A.  Robin:   hoc.  cit. 

Steinitz  and  Weigert:    Deut.  med.  Woch.,  Bd.  xxx,  S.  838,  1904. 
1"  C.  Rea  Burr:    Boston  Med.  and  Surg.  Jour.,  Feb.,  1900. 
I*' Chauffard :    Bull,  med.,  June  7,  1905. 
i"*  Carles:    Province  med.,  May  26,  1906. 
i9»Watkins:    Med.  Record,  July  14,  1894. 
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cough  soon  shows  signs  of  improvement,  because  the  lesions 
themselves  are  being  healed  and  the  detritus  ejected  becomes 
gradually  less.* 

Where  the  patient  requires  assistance  is  on  rising,  owing 
to  the  accumulation  of  muco-purulent  secretions  in  the  respira- 
tory tract  during  the  night.  If  he  can  rid  himself  of  these 
before  leaving  the  bed,  he  is  usually  comfortable  the  rest  of 
the  day.  To  facilitate  this  he  should  first  resort  to  posture, 
viz.,  lying  on  the  side  opposite  to  that  of  the  affected,  with  his 
head  hanging  over  the  edge  of  the  bed.  The  cough  being  aided 
by  gravity,  considerable  sputum  is  thus  gotten  rid  of — the  first 
installment.  He  should  then  carefully  wash  out  his  mouth, 
and  drink  a  glassful  of  hot  water  containing  twenty  drops  of 
aromatic  spirits  of  amm<onia.  This  is  soon  followed  by  a  gen- 
eral feeling  of  warmth  and  a  desire  to  cough.  The  former 
position  being  resumed,  the  remaining  muco-purulent  materials 
— ^those  in  which  bacteria  are  usually  found — will  be  voided. 
After  again  washing  his  mouth  and  cleansing  his  teeth  carefully, 
the  patient  can  then  take  his  breakfast  without  being  disturbed 
by  spells  of  coughing.  The  same  procedure  on  retiring  tends 
much  to  insure  a  good  night's  rest. 

I  can  only  give  here  the  general  principles  of  measures  which 
considerable  experience  in  such  cases  has  shown  me  to  be  efTective. 
The  physician's  ingenuity  will  suggest  many  others  on  similar  lines. 
I  never  prescribe  opiates  in  such  cases,  and  ascribe  the  good  results 
obtained  partly  to  this  fact.  It  is  a  very  unfortunate  fact  that  the 
text-books  still  advise  the  use  of  such  remedies,  hydrocyanic  acid,  etc. 
The  blind  use  of  such  agents  and  the  fact  that  most  cases  of  tuberculosis 
are  dubbed  "bronchitis"  at  first,  thus  giving  ample  time  to  the  bacillus 
to  do  its  fell  work,  is,  in  my  opinion,  one  of  the  chief  causes  of  the 
great  mortality  of  tuberculosis — a  disease  which  in  its  incipiency  can 
almost  invariably  be  cured. 

It  is  important  in  this  connection  to  distinguish  between 
useful  and  useless  cough.  Some  patients  acquire  the  habit  of 
coughing,  and  the  least  prickling  sensation  in  the  larynx  is  the 
signal  for  an  artificial  paroxysm  which  they  could  readily  pre- 
vent if  warned  that  it  does  harm.  Indeed,  examination  of  the 
larynx  in  such  eases  shows  marked  congestion,  especially  of  the 
interarytenoid  space.  When  this  is  present,  vomiting  is  apt  to 
occur,  owing  to  the  intense  sensitiveness  which  the  upper  re- 
spiratory tract  finally  acquires.  The  instruction  to  the  patient 
should  be  to  avoid  coughing  until  he  feels  distinctly  that  there 


*  Anihor's  conclusion. 
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is  some  mucus  to  eliminate.  In  some  instances,  he  is  unable  to 
do  this,  and  remedies  are  necessary  to  break  the  habit.  After 
clearing  the  respiratory  tract  before  retiring,  as  stated  in  a 
foregoing  paragraph,  bromide  of  sodium,  10  grains  (0.6  gm.), 
may  be  taken,  but  only  two  or  three  nights.  The  laryngeal  ves- 
sels, thus  depleted  (since  the  bromides  in  small  doses  depress 
the  blood-pressure  only)  a  few  times,  cease  to  congest  the  sen- 
sory terminals  of  the  region.*  Obstinate  coughs  are  also  bene- 
fited by  the  oil  of  sandalwood,  5  grains  (0.3  gm.)  three  times 
a  day,  or  fluid  extract  of  hydrastis  canadensis,  twenty  drops  in 
water  immediately  after  a  meal.  These  substances  are  stimu- 
lants and  aid  the  curative  process.  At  times,  however,  they  are 
not  well  borne  by  the  stomach]  eu-calyptus  oil  1  drachm  (4 
gms.)  in  chloroform  1  ounce  (30  gms.),  used  as  an  inhalant, 
may  then  be  tried. 

As  already  stated,  the  cough  usually  ceases  to  be  troublesome  after 
the  general  treatment  recommended  has  had  time  to  stimulate  the  dis- 
eased areas.  When  either  iodine,  the  iodides  or  thyroid  extract  is 
used,  the  muco-purulent  expectoration  not  only  becomes  free  and  is 
voided  without  difficulty,  but  the  relaxation  of  the  laryngeal  vessels  to 
which  the  local  irritation  is  due,  is  overcome  by  the  fact  that  their 
muscular  elements  are  the  seat  of  enhanced  metabolic  activity.  The 
caliber  of  the  arterioles  being  reduced,  the  laryngeal  capillaries  receive 
less  blood. 

Haemoptysis  is  another  symptom  which  is  to  a  material  de- 
gree prevented  by  the  use,  as  curative  remedies,  of  the  prepara- 
tions of  iodine-  or  thyroid  extract,  since  by  stimulating  the 
adrenal  system,  they  greatly  increase  the  proportion  of  adren- 
oxidase  in  the  blood.*  As  this  body  is  the  fibrin  ferment  the 
patient  is  supplied  at  all  times  with  the  ideal  blood-constituent 
that  will  protect  him.*  Even  hgemophilics  are  protected,  since 
their  blood  under  the  influence  of  thyroid  extract  in  small  doses, 
becomes  coagulable  in  less  than  three  minutes,  as  compared 
to  eleven  minutes  when  untreated.*  As  in  most  instances  the 
bleeding  is  due  to  ruptured  capillaries,  the  presence  of  consider- 
able fibrin  ferment  in  the  blood  causes  them  at  once  to  be  ob- 
structed by  a  coagulum,  thus  arresting  the  flow;  the  haemor- 
rhage is  cut  short  almost  as  soon  as  begun.* 

W.  J.  Taylor.^""  acting  on  my  discovery  that  the  adrenoxidase  of 
the  blood  was  the  fibrin  ferment  and  that  thyroid  extract,  by  increas- 


•  Author's  conclusion. 
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ing  the  production  of  the  former,  would  arrest  the  bleeding  even  in 
haemophilia,  administered  it  in  3-grain  doses  (0.2  gm. )  thrice  daily,  in 
three  surgical  cases.  The  coagulation  time  was  reduced  from  eleven 
and  one-half  minutes  to  two  minutes  and  six  seconds  in  the  most  severe 
case,  and  the  operation,  entailing  incision  in  the  right  loin  and  replace- 
ment of  a  kidney,  was  free  from  hismorrhage.  "To  the  astonishment  of 
all  present,"  says  the  operator,  "the  wound  was  remarkably  dry,  there 
being  much  less  oozing  than  is  usually  seen  in  such  operations."  The 
effect  was  as  striking  in  the  other  two  instances. 

When  a  free  haemorrhage  occurs,  the  treatment  of  the  tuber- 
culous process  must  be  set  aside.  As  the  purpose  is  to  contract 
the  arterioles,  morphine,  not  less  than  ^/^  grain  (0.016  gm.), 
hypodermically,  is  of  great  value,  since  it  produces  precisely  this 
effect — provided  atropine  be  not  given  simultaneously  as  is  usu- 
ally done,  since  this  drug  increases  the  propulsive  action  of  the 
arterioles.*  To  prevent  recurrence,  veratrum  viride,  5  drops 
(1905  U.  S.  P.),  may  also  be  given  every  hour  three  times,  then 
every  three  hours.  By  causing  a  fall  of  the  blood-pressure,  it 
perpetuates  the  effect  of  the  morphine.  Potassium  bromide, 
15  grains  (1  gm.),  renewed  in  three  hours,  then  in  four  hours, 
produces  a  similar  effect,*  and  reduces  the  tendency  to  cough 
besides.  Chloral  hydrate  in  similar  doses  acts  in  the  same  way.* 
Either  of  these  remedies  does  not  prevent  the  use  of  a  second 
dose  of  morphine  four  hours  or  more  after  the  first,  if  needed. 

Several  auxiliary  measures  are  important.  The  patient 
should  be  placed  in  a  semi-recumbent  position  to  avoid  the  un- 
toward effects  of  gravity  which  recumbency  and  the  vigorous 
cardiac  contractions  that  the  upright  position  entails,  involve. 
Cold  or  iced  compresses  to  the  nape  of  the  neck,  which  cause 
reflex  sympathetic  constriction  of  the  arterioles,  and  a  bandage 
tightly  wound  around  one  or  more  of  the  limbs  to  interfere 
with  the  return  of  blood  to  the  heart,  are  likewise  useful.  The 
patient  should  avoid  all  movements  for  a  few  hours  at  least,  and 
be  relieved  of  anxiety  by  reassuring  words. 

My  observations  in  such  cases  have  led  me  to  conclude  with  Jae- 
eoud  that  morphine  is  the  most  efficient  remedy  in  haemoptysis;  and 
also  with  Jay,^"'  Piassetsky,^"^  Fraenkel,-"^  and  others,  that  ergot  should 
not  be  used  in  haemoptysis.  As  I  have  shown  under  "Ergot,"  it  causes 
a  primary  rise  of  blood-pressure  and  only  subsequently  constriction 
of  the  arterioles,  and  even  this  only  when  large  doses  are  given.  The 
patient  is  thus  forced  to  traverse  a  dangerous  phase  to  be  relieved,  and 

•  Author's  concTusinn. 
2"  Jay:   Mercredi  medical,  Sept.  11,  1895. 
2»2  Piassetsky :    Ejenedelnaya  (St.  Petersburg),  No.  50,  1895. 
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again  when  the  effect  of  the  drug  is  passing  off,  thus  exposing  him  to 
secondary  haemorrhage.  The  use  of  digitalis,  emetics,  etc.,  is  also  con- 
demned by  the  first-named  observers,  and  rightly,  too,  in  my  opinion. 
The  effect  of  the  ice-bag  is  so  marked,  that  Rossbach  observed  laryngo- 
scopically  blanching  of  the  tracheal  mucous  membrane  under  its  influ- 
ence. This  measure  is  also  recommended  by  S.  Solis-Cohen,^"*  who  applies 
the  ice-bag  over  the  heart  or  over  the  seat  of  bleeding. 

The  fever  of  the' two  first  stages  is  a  protective  process*  and 
therefore  does  not  require  medication.  Under  the  influence  of 
the  iodides  or  thyroid  extract,  it  may  increase  at  first  and  coin- 
cide with  free  expectoration  and  perhaps  the  appearance  of 
bacilli  which  had  not  been  detected  before.  If  it  persists,  how- 
ever, a  good  plan  is  to  add  creosote  carbonate  to  the  iodine  or 
thyroid,  beginning  with  5  grains  (0.3  gm.),  but  raising  the  dose 
only  to  15  grains  (1  gm.)  during  meals.  This  hastens  the  anti- 
toxic process  and  the  pyrexia  is  soon  reduced  to  a  slight  but 
salutary  level. 

The  fever  of  the  hectic  stage  is  partly  due  to  a  cause  which 
has  so  far  escaped  attention,  viz.,  a  marked  rise  of  the  blood- 
pressure,  due  to  irritation  of  the  vasomotor  center  by  the  great 
quantity  of  toxic  wastes  and  detritus  in  the  blood.*  Large  ene- 
mata  of  warm  (110°  F. — 43.30°  C.)  saline  solution  once  daily, 
after  the  bowels  have  been  moved,  or  hypodermoclysis  or  evert 
endovenous  injections  of  the  same  solution,  greatly  improve  the 
patient's  condition  by  promoting  osmosis*  and  a  free  flow  of 
urine,  which  carries  away  large  quantities  of  the  noxious  sub- 
stances. He  should  also  drink  copiously  of  a  beverage  com- 
posed of  milk  and  Vichy  mineral  water,  equal  parts.  These 
measures  afford  considerable  relief. 

Antipyretics  do  more  harm  than  good.  This  applies  especially 
to  the  coal-tar  products,  the  use  of  which,  as  emphasized  by  many 
observers,  causes  marked  depression.  Aspirin  has  been  recommended, 
but  it  causes  profuse  and  depressing  sweating. 

The  nightsweats  of  the  hectic  period  are  closely  allied  to  the 
febrile  process.  The  peripheral  congestion  incident  upon  the 
general  vasoconstriction  plus  the  febrile  process,  i.e.,  the  su- 
preme effort  which  the  adrenal  system  is  making  to  rid  the  body 
of  the  tubercle  bacilli  and  their  endotoxin,  and  also,  at  this 
stage,  of  those  that  constitute  the  "mixed  infection,"  becomes 
such,  periodically,  that  the  sweat-glands  are  themselves  excited 


Author's  conclusion. 
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to  hyperactivity.*  This  is  mainly  due  to  the  physiological 
function  which  supplies  the  skin  with  moisture,  the  evapora- 
tion of  which  cools  the  surface.  The  measures  just  described 
are  of  cardinal  importance  in  this  condition,  therefore,  since 
they  tend  to  rid  the  blood  of  the  poisonous  substances  which 
exaggerate  the  febrile  process.*  Sponging  of  the  body  is  very 
helpful  during  the  sweating,  and  medicines  should  be  avoided 
at  this  stage. 

The  nightsweats  of  the  first  and  second  stages,  and  of  the 
third  stage  when  there  is  hypothermia,  are  due  to  the  general 
depression  of  the  adrenal  system,  which,  as  we  have  seen,  the 
presence  of  the  tubercle  bacilli  entails.*  The  peripheral  arte- 
rioles being  relaxed  (as  under  the  influence  of  pilocarpine)  the 
sweat-glands — that  is  to  say  their  spiral  muscles — become 
passively  congested  and  overactive*  and  free  sweating  occurs. 
The  aim  here  is  to  restore  the  arterioles  to  their  normal  caliber.* 
Atropine  fulfills  this  precise  role,  provided,  however,  it  is  not 
given  in  too  large  a  dose;  ^/joo  grain  (0.00065  gm.)  hypo- 
dermically,  or  ^/go  grain  (0.001  gm.)  by  the  mouth,  usually 
suffices.  It  is  preferable  to  morphine,  which  constricts  the  arte- 
rioles unduly.  Another  agent  which  acts  much  as  does  atropine 
is  camphoric  acid;  it  may  be  given  in  two  doses  of  15  grains 
(1  gm.)  each,  at  short  intervals,  in  capsules  or  cachets,  two  or 
three  hours  before  the  sweating  period  begins. 

I  have  never  used  camphoric  acid,  but  Stockman^'"'  states  that  it  is 
more  effective  than  atropine  and  that  the  tendency  to  excessive  sweat- 
ing soon  disappears. 

General  Hygiene. — The  specified  diets  often  prescribed 
may  be  reduced  to  the  simple  formula:  three  substantial  meals 
daily.  With  out-of-door  life  and  appropriate  treatment  based 
on  full  recognition  by  the  physician  of  the  functions  of  the 
adrenal  system  in  the  curative  process,  the  chances  of  recovery 
are  very  great,  at  least  in  the  first  and  second  stages  of  the  dis- 
ease.* No  patient  should  be  allowed  to  lapse  into  the  third 
stage. 

Peophylaxis  does  not,  of  course,  enter  within  the  scope 
of  this  work,  but  I  would  urge  that  the  very  laudable  and  fruit- 


*  Author's  concha. lion. 
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ful  work  done  at  the  present  time  in  this  direction  should  in- 
clude a  recommendation  to  practitioners  to  attach  more  import- 
ance to  "coughs  and  colds"  than  they  do.  Most  of  the  cases 
that  the  consultant  is  called  upon  to  examine  are  victims  of 
carelessness  in  this  direction.  My  own  plan  is  to  treat  all 
coughs  of  obscure  origin,  especially  those  ascribed  to  "colds," 
as  if  1  were  dealing  with  incipient  cases  of  tuberculosis,  without, 
of  course,  mentioning  the  fact  to  the  patient.  I  prescribe  10 
minims  (0.6  gm.)  of  creosote  carbonate  and  V40  grain  (0.0016 
gm.)  of  strychnine,  or  2  grains  (0.13  gm.)  of  thyroid  extract 
instead  of  the  strychnine,  during  each  meal,  and  instruct  the 
patient  to  remain  out  of  doors  as  much  as  possible.  A  common 
cold  or  even  a  "bad  cold"  promptly  disappears  under  this  treat- 
ment without  opiates  or  syrups — and  the  patient  is  fully  pro- 
tected in  case  the  cough  should  prove  to  be,  as  is  often  the 
case,  the  first  and  only  sign  of  a  tuberculous  infection. 
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THE  ADRENAL  SYSTEM  IN  THE  INFECTIOUS  DISEASES 
OF  THE  LUNGS  (Continued). 

While  the  mortality  of  pulmonary  tuberculosis  has  de- 
creased during  the  last  forty  years,  that  of  pneumonia  has 
steadily  increased.  During  the  year  1890  the  proportion  of 
fatal  cases  in  1000  deaths  from  all  known  causes,  in  the  United 
States,  was  90.61 ;  during  the  census  year  1900  the  correspond- 
ing proportion  was  106.1.  The  deaths  reported  in  the  registra- 
tion area  during  1890  per  100,000  of  population  were  186.9. 
In  1900  this  proportion  had  reached  192.  In  1860  the  corre- 
sponding ratio  was  only  44;  in  1870  it  was  103.4,  and  in  1880, 
125.8.  During  the  last  forty  years,  therefore,  the  mortality  of 
pneumonia  has  increased  almost  three  and  one-half  times.  As 
the  deaths  from  "consumption"  for  the  census  year  1900  ag- 
gregated 109,750,  while  those  from  pneumonia  reached  105,- 
971,  the  latter  disease  may  be  said  to  be  rapidly  assuming  the 
leading  position  among  the  foes  of  humanity.  Thomas  Darling- 
ton,^ Health  Officer  of  New  York  City,  states  that  the  death- 
rate  has  risen  steadily  from  1.95  per  1000  in  1870,  to  19.5  per 
1000  in  1904,  and  that  it  now  leads  all  other  diseases  as  a  cause 
of  death  in  our  country's  metropolis. 

Eef erring  to  this  appalling  mortality  of  pneumonia,  an 
editorial  writer^  recently  asked:  "Is  this  dreadful  waste  of 
hiiman  life  inevitable  ?  or  is  it  the  direct  result  of  the  nihilistic 
teaching  of  authorities  who  are  grounded  in  the  doctrine  of 
'self-limited'  disease,  and  doggedly  refuse  to  listen  to  the  asser- 
tions of  others  as  acute  in  observation  and  as  honest  in  purpose 
as  themselves,  who  claim  that  medicine  is  not  powerless  in  the 

^  Thomas  Darlington:  Proceedings  of  tlie  Phila.  County  Med.  See,  Mar. 
23  1905. 

"  Editorial:    Medical  Record,  Oct.  28,  1905. 
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face  of  this  devastating  disease,  and  that  pneumonia  has  been, 
and  often  can  be,  cured  without  waiting  for  the  crisis  on  the 
seventh  or  ninth  day?" 

Analyzed  impartially,  this  doctrine  has  its  raison  d'etre 
with  the  prevailing  ignorance  of  the  physiological  action  of 
drugs  as  the  foundation  of  a  so-called  "rational  therapeutics." 
As  urged  by  Hobart  A.  Hare,*  referring  specifically  to  pneumo- 
nia: "These  are  cases  which  remind  us  of  the  extraordinary 
bacteriolytic  power  of  the  blood,  and  the  remarkable  methods 
by  which  nature  combats  disease,  and  which  should  make  us 
hesitate  before  we  drop  into  the  cog-wheels  of  such  delicate 
machinery,  drugs  which  may,  if  wrongly  given,  disorder  or 
break  down  this  complex  mechanism."  Indeed,  of  all  diseases, 
pneumonia  is  the  one  which  would  bear  the  least  the  misuse  of 
drugs — of  vasoconstrictors  when  the  sluices  bearing  a  stream 
of  antitoxin  to  the  germ-laden  areas  should  be  widely  opened; 
of  oxygen-robbing  alcohol  when  the  blood's  oxygenizing  power 
should  be  in  every  way  increased ;  of  cardiac  depressants  when 
the  ventricular  contractions  should  be  sustained,  etc. 

The  doctrine  that  "pneumonia  is  a  self-limited  disease" 
disappears  with  the  adrenal  system  as  a  foundation  for  the 
pathogenesis  and  treatment  of  pneumonia,  for  it  points  clearly 
to  the  measures  that  are  productive  of  good  and  affords  a  log- 
ical, tangible,  unequivocal  explanation  of  the  beneficial  effects 
produced.  A  suggestive  fact  asserts  itself,  however,  in  this  con- 
nection, viz. :  that  the  agents  indicated  are  precisely  those 
which  clinical  experience,  untrammeled  by  the  theory  of  self- 
limitation,  has  sustained — those  identical  remedies  urged  upon 
the  profession  by  men  who  have  asserted  that  "medicine  is  not 
powerless  in  the  face  of  this  devastating  disease,"  and  that  it 
"has  been  and  often  can  be  cured  without  waiting  for  the  crisis 
on  the  seventh  or  ninth  day." 

PNEUMONIA. 

Synonyms. — Lobar  Pneumonia;  Pneumonitis;  Fibrinous 
Pneumonia;  Croupous  Pneumonia. 

Definition. — Pneumonia,  an  infectious  disease  character- 
ized by  toxsmia  and  inflammation  of  one  or  more  pulmonary 

SH.  A.  Hare:    Proceedings  of  the  Phila.  County  Med.  Soc,  Mar.  23,  1905. 
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lobes,  is  due  to  the  multiplication  in  the  latter  of  the  pneu- 
mococcus  lanceolatus  of  Fraenkel  and,  less  usually,  of  the  ba- 
cillus pneumoniiE  of  Friedlander,  when  from  any  cause  the 
auto-antitoxin  and  phagocytes  in  the  fluids  of  the  respiratory 
tract,  which  under  normal  conditions  destroy  these  germs  and 
their  toxins,  are  deficient  in  quality  or  quantity.** 

Symptoms  and  Pathology. — The  morbid  process  may  in- 
volve but  one  lobe,  or  a  part  of  it,  or  extend  to  other  lobes,  and 
even  to  the  other  lung,  thus  constituting  in  the  latter  case  the 
rare  form  of  "double  pneumonia."  The  physical  symptoms  may 
thus  be  circumscribed  or  widely  distributed. 

The  onset  of  pneumonia  is  occasionally  preceded  by  head- 
ache, a  slight  cough,  oppression  and  pain  in  the  chest,  and 
general  malaise  of  a  couple  of  days'  duration,  but  as  a  rule  it  is 
abrupt,  and  is  marked  by  a  severe  chill  in  adults  and  vomiting 
and  convulsions  in  children.  What  fever  may  have  been  present 
rises  rapidly,  reaching  104°  to  105°  F.  (40°  to  40.5°  C.)  within 
a  few  hours,  and  remains  high.  The  face  is  flushed  and  shows 
deep-red  spots  on  the  side  of  the  affected  lung,  and  the  skin  is 
dry  and  hot  to  the  touch.  The  pulse  is  generally  strong  and 
full,  varying  between  100  and  120.  Both  the  temperature  and 
pulse  are  apt  to  be  high  in  children.  The  capillaries,  especially 
those  of  the  surface,  are  flooded  with  blood.*  In  children  it  is 
the  rush  of  blood  to  the  skin  which,  by  exciting  the  sensory 
end-organs  therein,  provokes  reflex  convulsions.* 

The  chill  is  due  to  a  temporary  depression  of  the  functions  of  the 
vasomotor  center  by  the  toxins  when  the  toxaemia  reaches  a  certain 
limit.  As  this  is  followed  by  a  general  relaxation  of  all  the  arteries, 
the  blood  accumulates  in  the  great  central  trunks,  depleting  the  surface. 
The  peripheral  temperature  being  lowered,  the  cutaneous  muscles  are 
caused  reflexly  to  contract  and  relax  rapidly — the  "chill."  The  physio- 
logical purpose  of  this  phenomenon  is  to  conserve  heat,  if  possible, 
through  enforced  motion.  That  there  is  depletion  of  the  peripheral  ca- 
pillaries was  shown  by  Maragliano''  plethysmographically,  the  volume 
of  the  arm  being  decreased  during  the  rigor.  Moreover,  GeigeP  found 
that  the  temperature  fell  at  this  time. 

The  connection  between  the  reaction  ■  ( the  rush  of  blood  to  the 
periphery  shown  by  the  sudden  rise  of  temperature)  and  the  convulsions 
in  children,  may  be  illustrated  by  the  fact,  demonstrated  by  Poulsson," 
that  even  strychnine  convulsions  can  be  prevented  by  ansesthetizing  with 
cocaine  a  frog's  skin,  thus  paralyzing  the  sensory  end-organs.  The  con- 
vulsions are  obviously  reflex. 

*  Anchor's  conclusion. 
** Author's  definition. 

*  Maragliano:    Zeit.  f.  klin.  Med.,  Bd.  xiv.,  S.  309,  1888. 
^Geigel:    Allbutt's  "System  of  Med.,"  "Fever,"  vol.  i.  1905. 
»PouIsson:    Arch.  f.  exp.  Path.  u.  Pharm.,  Bd.  xxvi,  S.  22,  1889. 
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An  early  symptom  is  a  sharp  paiu  on  the  affected  side. 
This  is  accompanied  by  a  short,  dry  cough  which  necessarily  in- 
creases the  pain  (due  to  involvement  of  the  pleura)  and  is 
therefore  suppressed.  It  is  often  absent  in  the  aged.  Simul- 
taneously, the  respirations  are  increased  in  frequency,  ultimately 
reaching  in  some  cases  60  and  even  more  a  minute. 

The  fever  remains  high  until  the  crisis,  unless  the  subject 
be  debilitated  through  alcoholism,  squalor,  a  previous  disease, 
etc.  The  fluctuations  correspond  very  nearly  with  those  observed 
during  health,  though  exaggerated  at  times,  especially  when 
nearing  the  crisis;  the  nocturnal  remissions  averaging  in  most 
cases  slightly  above  1°  F.  When  the  crisis  is  near  at  hand  a 
marked  rise,  106°  F.  (41.1°  C.)  and  over,  may  occur.  In  de- 
bilitated subjects  the  temperature  range  is  lower;  when  it  is 
very  low,  i.e.,  below  101°  F.  (38.4°  C),  the  chances  of  recovery 
are  greatly  reduced. 

The  febrile  process  is  evidently  a  protective  one,  the  pur- 
pose being  to  increase  the  bactericidal  and  antitoxic  properties 
of  the  blood.*  Not  only  is  marked  leucocytosis  present  in  cases 
that  end  in  recovery,  but  this  hyperleucocytosis  is  not  observed 
in  most  cases  that  terminate  fatally.  It  is  usually  absent  in 
greatly  debilitated,  very  young,  and  aged  subjects,  which  con- 
stitute a  large  proportion  of  the  mortality  lists. 

Leucocytosis  may  be  low,  however,  in  mild  cases,  and  also 
in  cases  attended  with  very  great  intoxication.  In  the  latter, 
the  test-organ,  overwhelmed  by  the  toxins,  is  unable  to  enhance 
sufficiently  general  metabolism,  and,  therefore,  the  functional 
activity  of  the  leucocytogenic  organs.*  Here,  however,  the 
febrile  process  is  likewise  low,  and  the  depression  is  commen- 
surate with  the  intense  intoxication  present.  While  a  high  fever 
ranging  between  103°  and  105°  F.  (39.5°  and  40.5°  C),  there- 
fore, indicates  a  marked  intoxication,  it  also  shows  that  the  pro- 
tective functions  are  actively  combating  it.*  Conversely,  when 
in  a  severe  case  the  temperature  remains  low,  the  probability  is 
that  the  toxins  are  steadily  overcoming  these  functions.* 

Norris/  in  a  series  of  500  cases  treated  at  the  Pennsylvania  Hos- 
pital, found  that  the  greatest  number  of  recoveries  occurred  among  tliose 
in  which  the  temperature  ranged  between  103°  and  105°  F.  (39.5°  and 

•  Author's  ronrlusion. 

'  Norris:    Amer.  Jour.  Med,  Sci.,  June,  1901. 
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40.5°  C),  while  the  highest  mortality  occurred  in  eases  in  which  it 
fluctuated  between  99°  and  101°  F.  (37.3°  and  38.4°  C).  Many  other 
examples  of  this  kind  are  available  in  literature.  The  influence  of  de- 
bility is  well  illustrated  by  the  fact  that  while  the  average  mortality 
of  the  500  cases  was  25  per  cent.,  the' 34  known  to  have  been  drunkards 
showed  a  mortality  of  67  per  cent.  The  protective  role  of  leucocytes,  not 
only  as  phagocytes,  but  as  the  source  of  antitoxic,  i.e.,  proteolytic  fer- 
ments, has  been  shown.*  That  leueocytosis  occurs  in  favorable  cases — 
subject  to  the  conditions  outlined  above — is  now  generally  recognized. 
Thus  Ewing,"  thirteen  years  ago,  concluded  that  in  most  cases  of  lobar 
pneumonia  "there  is  a  marked  leueocytosis.  This  may  be  absent  or 
inconsiderable"  adds  this  histologist:  "(a)  in  very  mild  cases;  (b)  in 
very  severe  cases  in  which  the  reaction  of  the  system  is  slight.  The  de- 
gree of  leueocytosis  in  pneumonia  is  proportional,  on  the  average,  to  the 
extent  of  the  local  lesion,  but  it  follows  much  more  exactly  the  grade  of 
systemic  reaction  to  the  poison  generated."  The  many  researches  pub- 
lished since,  including  the  works  of  Stienon,"-"  Demoor,"  and  others  have 
confirmed  these  observations.  Stengel's'^  conclusion  that  the  leueocytosis 
is  of  the  active  polymorphonuclear  variety,  the  actively  amoeboid  corpus- 
cles being  increased  in  greater  proportion  than  the  other  forms,  also 
summarizes  the  teachings  of  more  recent  observations.  All  this  is  ap- 
plicable to  the  croupous  pneumonia  of  children.  Heim"  for  example, 
also  found  an  increase  of  leucocytes  in  this  disease.  Hypoleucocytosis 
invariably  proved  to  be  a  serious  prognostic  sign,  though  not  necessarily 
fatal.  All  the  cases  studied — nineteen — showed  a  great  increase  of  poly- 
nuclear  neutrophiles,  with  a  relative  decrease  of  lymphocytes. 

The  febrile  process  remains  about  the  same  from  five  to 
nine  days.  The  cough,  at  first  short,  becomes  harder.  In  the 
beginning  also,  ropy,  viscid  mucus  is  expectorated,  owing  to 
concomitant  bronchitis,  but  the  sputum  soon  becomes  red  or 
reddish-brown,  "rusty"  or  "prune-juice"  like,  and  may  contain 
fibrinous  coagula.  If  gangrenous  tissue  be  present,  it  may  be 
very  foetid.  Herpes  on  the  lips  and  nose  are  commonly  ob- 
served. The  urine  is  scanty,  high-colored,  and  sometimes  con- 
tains albumin.  A  characteristic  feature  of  pneumonia  is  that 
the  chlorides  are  reduced  or  absent.  There  is  also  great  thirst 
when  the  fever  is  high.  Jaundice  is  an  early  symptom  in  some 
cases.  The  tongue  may  be  dry  and  leathery — a  fact  which  sug- 
gests absence  of  alkaline  salts  and  fluids  in  the  blood.  In  sim- 
ple pneumonia  constipation  is  usual,  but  diarrhoea  is  apt  to 
occur  in  the  more  serious  cases. 

During  the  first  stage,  which  lasts  no  longer  than  twenty- 
four  hours,  the  air  penetrates  to  the  alveoli ;  palpation  elicits  a 

8  Cf.  vol.  i,  pp.  610  and  671  et  seg. 
"Ewing:    N.  Y.  Med.  Jour.,  Dec.  16,  1893. 

lostienon:  Ann.  de  la  Soc.  des  sci.  med.  et  nat.  de  Bruxelles,  T.  iv,  p.  49, 
1895. 

"  Demoor:    Jour,  de  med.,  de  chir.,  et  de  pharm.  de  Brux.,  July  6,  1895. 
12  Stengel:    Jour.  Amer.  Med.  Assoc.,  Aug.  19,  1899. 
"Helm:    Arch,  de  med.  des  enfants,  vol.  iv,  p.  21,  1901. 
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slight  increase  of  vocal  fremitus;  percussion,  if  anything,  a 
slight  increase  of  resonance  soon  replaced  by  dullness;  and  aus- 
cultation,  a  broncho-vesicular  murmur,  soon  supplanted  by  the 
typical  crepitant  rale  at  the  end  of  each  inspiration. 

The  pathological  changes  are  characteristic.  The  affected 
area  becomes  intensely  congested,  and  the  capillaries  between 
the  air-cells  or  alveoli,  and  which  course  in  their  direction,  are 
greatly  distended.  They  evidently  pour  their  contents  into  the 
alveoli,  for  the  latter  and  the  terminal  bronchioles  are  more  or 
less  filled  with  red  and  white  corpuscles,  epithelial  cells,  etc., 
and  blood-plasma.  The  leucocytes  found  in  large  quantities  at 
this  time  are  transitional  cells,  i.e.,  cells  which  are  developing 
into  adult  granular  leucocytes,  and  which,  closely  examined,  are 
found  to  contain  lymphocytes  (broken-down  leucocytes),  red 
corpuscles,  nuclear  detritus,  and  bacteria. 

We  are  dealing  evidently  with  phagocytic  cells  which  are 
antagonizing  the  intruder  and  ridding  the  air-cells  and  terminal 
bronchioles  of  detritus.  Examined  post-mortem  at  this  stage, 
these  cavities  are  found  to  contain  a  bloody  or  reddish  exudation, 
containing,  when  the  lung  tissue  is  slightly  compressed,  air- 
bubbles.  It  is  this  exudate  which,  when  voided  by  way  of  the 
bronchi,  gives  the  viscid  sputum  its  prune-juice,  rusty  aspect. 

Ritchie"  in  a  recent  presidential  address,  said:  "I  think  it  will  be 
well  for  us  to  keep  a  mind  open  for  the  possibility  that  part  of  the  in- 
creased metabolism  may  be  the  expression  of  work  done  by  cells  actively 
engaged  in  operating  on  the  invading  bacteria.  That  this  is  all  the  more 
likely  is  indicated  if  we  correlate  the  known  facts  regarding  the  increased 
excretion  of  potassium  and  phosphorus  during  fever  with  the  increased 
activity  which  can  be  microscopically  observed  in  the  colorless  cells  of 
the  blood  which  contain  these  elements  in  abundance."  The  correlation 
between  leucocytosis  and  the  prognosis  of  the  disease  referred  to  above, 
indicates  the  importance  of  this  function.  The  presence  of  transitional 
cells  was  demonstrated  by  several  investigators.  J.  Pratt,'^  for  example, 
in  fifty  autopsies,  found  that  in  all  cases  dying  within  the  first  three 
days  "the  alveoli  contained  large  numbers  of  cells  closely  resembling  the 
so-called  transitional  cells."  In  accord  with  Ehrlieh's  view  that  all  leuco- 
cytes, excepting  lymphocytes,  are  transitional  cells  which  ultimately  be- 
come granular,  Pratt's  text  shows  that  the  cells  referred  to  were  becom- 
ing such,  since  "they  were  surrounded  by  a  rim  of  but  slightly  granular 
protoplasm,"  while  the  nucleus  was  "nearly  as  irregular  as  that  of  the 
polymorphonuclear  leucocyte" — the  typical  granular  cells,  which  ingest 
bacteria.  Councilman,^"  in  fact,  observed  that  they  were  "frequently 
phagocytic." 


"Ritchie:   Brit.  Med.  Jour.,  Sept.  10,  1904. 

1^  J.  Pratt:    Johns  Hopkins  Hosp.  Reports,  vol.  ix,  p.  265,  1900. 
"Councilman:    Jour.  Boston  Soc.  Med.  Sci.,  vol.  ill,  p.  99,  1899. 
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The  signs  of  the  second  stage,  that  of  consolidation,  or 
red  hepatization,  are  clearly  defined :  The  chest  on  the  affected 
side  hardly  expands,  while  the  other  side  does  so  with  unusual 
vigor;  abdominal  breathing  is  also  increased.  Palpation  elicits 
a  marked  vocal  fremitus;  percussion,  a  woody  dullness  poste- 
riorly, and  a  clearer  though  dull  note  anteriorly  and  tympany 
over  the  normal  adjoining  areas — thus  affording  a  means  of 
estimating  the  limits  of  the  area  involved.  AnscuUation  affords 
information  as  to  the  degree  of  engorgement :  if  the  bronchi  are 
permeable,  moist  rales,  bronchial  and  tubular  breathing  are 
heard ;  such  is  not  the  case  with  choked  tubes,  however — an- 
other differential  test,  since  the  permeable  areas  can  thus  be 
located.  Bronchophony,  pectoriloquy,  or  egophony  may  also  be 
discerned  immediately  above  the  hepatized  area. 

The  consolidated  area  contains  cells  and  detritus,  as  it  did 
in  the  first  stage,  but  now  the  leucocytes  are  found,  post-mortem, 
merged  in  with  a  copious  network  of  fibrin-threads.  This  means 
that  during  life  they  were  surrounded  by  a  fluid  containing  the 
three  constituents — phosphorus-laden  nucleo-proteid,  oxygen- 
laden  adrenoxidase  and  trypsin — which  jointly  digest  as  auto- 
antitoxin  not  only  the  bacteria,  but  also  their  toxins.*  Indeed, 
the  typical  polymorphonuclear  granular  leucocytes  and  their 
granules  are  found  in  large  numbers  often  within  the  first  forty- 
eight  hours  and  thereafter.  Death  at  this  time  is  thought  to 
be  due  to  excessive  accumulation  of  all  the  elements  enumerated, 
since  the  fibrin  is  found  to  fill  the  air-cells,  the  small  bronchi, 
etc.,  but  as  stated  above,  this  is  in  reality  a  post-mortem  change 
and  the  dense  supply  of  fibrin  only  serves  to  prove  that  every 
available  space  is  filled  with  the  protective  substances.*  Many 
of  these  features  are  clearly  illustrated  in  the  annexed  plate. 

As  I  have  shown  in  the  first  volume  of  this  work,  the  material 
found  in  the  tissues  and  which  causes  them  to  be  termed  "fatty"  is  not 
such:  it  is  composed  of  the  three  constituents  referred  to  above  which 
during  life  are  in  the  liquid  state — all  internal  secretions.  The  presence 
of  a  ferment  in  the  blood-serum  has  been  demonstrated  recently  by  Dele- 
zenne  and  Pozerski,"  and  their  results  have  been  confirmed  by  Hedin." 
The  latter  investigator  states,  among  other  facts,  that  "the  serum  of 
the  ox  contains  a  weak  proteolytic  enzyme,  which  acts  in  an  alkaline 
medium."    He  closes  his  paper  with  the  statement:    "As  to  the  origin 

*  Author's  conrlufiioii. 

"  Delezenne  and  Pozerski:  C.  r.  de  la  Soc.  de  biol.,  T.  Iv,  pp.  327,  690,  693„ 
1903. 

'^Hedin:    Jour,  of  Physiol.,  vol.  xxx,  p.  195,  1903. 
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of  the  enzyme,  nothing  can  be  stated  at  present.  Yet  it  should  be  re- 
membered that  a  similar  enzyme  has  been  found  in  the  leucocytes  of  the 
spleen,  and  it  therefore  does  not  seem  to  be  impossible  that  the  serum 
protease  should  be  derived  from  the  leucocytes  in  the  blood  or  in  other 
organs,  either  by  a  destructive  process,  which  might  set  the  enzyme  free 
or  by  an  act  of  secretion,"  the  latter  referring  doubtless  to  secretion  by 
the  leucocytes.  That  the  cells  which  secrete  the  antitoxic  and  bacteri- 
cidal bodies  are  present  in  this  stage  is  shown  by  the  statement  of  Pratt 
that  in  50  autopsies  the  typical-cells,  the  polymorphonuclears  "were 
the  predominating  cells  in  almost  all  the  cases  dying  after  the  third 
day,"  and  that  "they  often  appeared  in  large  numbers  within  the  first 
forty-eight  hours."  The  experiments  of  Rosenow^''  showed  that  "the 
higher  the  leucocytosis,  the  fewer  the  number  of  pneumococci  in  the 
circulating  blood."  In  7  cases  with  a  leucocytosis  ranging  from  35,000 
to  43,000,  "the  number  of  pneumococci  which  developed  was  very  small 
indeed,  varying  from  0  to  25  per  cubic  centimeter  of  blood."  As  these 
germs  are  the  source  of  the  toxins,  the  importance  of  the  protective 
process  I  describe  is  self-evident. 

When  the  third  stage,  that  of  gray  hepatization,  progresses 
favorably,  it  becomes  the  stage  of  resolution,  for  the  abnormal 
physical  signs  enumerated  gradually  disappear.  The  rales  in 
the  bronchi  become  coarse  and  moist;  this  is  followed  by  bron- 
cho-vesicular breathing  which  ultimately  disappears.  Consid- 
erable dullness  over  the  affected  area,  however,  may  be  elicited 
in  some  eases  long  after  recovery. 

The  onset  of  this  stage  in  the  lung  is  attended  by  a  still 
greater  influx  of  leucocytes  and  a  marked  decrease  of  the  red 
cells  and  plasma.  Hence  the  gray — and  in  old  subjects  the 
granite-like — appearance  at  this  stage  which  contributes  a  large 
share  to  the  mortality  of  the  disease,  owing  to  the  interference 
with  the  respiratory  process  and  the  increased  labor  imposed 
upon  the  heart. 

When  it  marks  the  onset  of  resolution,  however,  it  is  because 
the  accumulated  leucocytes  embody  the  elements  necessary  for 
their  own  liquefaction,  i.e.,  their  nuclein  and  trypsin.  With 
the  aid  of  the  adrenoxidase  in  the  red  cells  and  plasma  these 
leucocytes  undergo  a  process  of  digestion,  i.e.,  conversion  into 
a  purulent  liquid  which  is  either  expectorated  or  carried  to  the 
blood  by  way  of  the  lymphatics  for  final  conversion  into  pro- 
ducts of  elimination.*  At  this  time  large  phagocytes  are  also 
found  in  the  pulmonary  mass  of  detritus,  which  ingest  in  the 
main  the  identical  polymorphonuclear  leucocytes  which  now  con- 

*  Author's  conclusion. 

"Rosenow:  Jour,  of  Infectious  Dis.,  Mar.,  1904;  Jour.  Amer.  Med.  Assoc., 
Mar.  18,  1905. 
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stitute  the  only  source  of  danger.  These  various  steps  are  fol- 
lowed by  the  proliferation  of  new  alveolar  and  bronchial  epithe- 
lial cells,  and  finally  by  the  reconstruction  of  the  disintegrated 
areas. 

The  actual  presence  of  a  substance — such  as  trypsin — capable  of 
digesting  not  only  bacteria  and  their  toxins,  but  also  the  cellular  ele- 
ments themselves,  is  well  shown  by  the  investigations  of  Flexner'-"'  in  a 
large  number  of  lungs  obtained  at  autopsy.  Salkowsky  having  demon- 
strated in  1882  that  ferments  played  a  very  important  role  in  physio- 
logical as  well  as  pathological  conditions,  Flexner  found  that  this  was 
applicable  to  pneiunonia  in  that  autolysis  occurred  both  in  the  stage  of 
red  hepatization,  though  imperfectly,  and  in  that  of  gray  hepatization, 
in  which  it  took  place  rapidly  and  perfectly. 

The  presence  of  the  large  phagocytic  cells  referred  to  is  well  shown 
by  the  following  statement  of  Pratt's :  "They  were  found  in  nearly  every 
case  (50).  Late  in  the  disease  they  were  often  present  in  enormous  num- 
bers." As  to  their  contents,  he  writes:  "Red  corpuscles,  lymphocytes, 
and  plasma -cells  were  occasionally  seen,  but  the  most  common  inclusion 
was  the  polymorphonuclear  leucocyte.  Often  only  nuclear  fragments  or 
partially  digested  cells  were  found.   They  also  contained  bacteria." 

The  crisis  may  occur  any  time  between  the  third  day  and 
the  end  of  the  second  week,  but  in  most  cases  it  occurs  between 
the  fifth  and  the  ninth  day.  When  it  is  near  at  hand  the  spu- 
tum becomes  purulent  and  more  abundant,  and  is  eliminated 
with  comparative  ease.  This  sign,  combined  with  the  pro- 
nounced fall  of  the  temperature,  the  relative  comfort,  a  refresh- 
ing sleep,  and  sometimes  free  perspiration  which  characterize 
the  crisis,  points  to  the  latter  as  being  the  true  crisis,  in  con- 
tradistinction to  the  pseudo-crisis  sometimes  observed.  These 
temporary  falls  of  temperature  may  occur  quite  early,  and  recur 
several  times.  As  previously  stated  also,  the  true  crisis  is  usu- 
ally preceded  by  a  more  or  less  sudden  rise  of  one  or  more 
degrees.  The  gradual  fall  to  normal  or  slightly  below  takes 
from  eight  to  twelve  hours. 

The  crisis  marks  the  time  when  the  bacteria  and  their  toxins  have 
been  overcome  by  the  body's  auto-protective  elements,  the  phagocytic 
cells  and  the  blood's  antibodies.  Important  in  this  connection,  however, 
is.the  accumulation  of  toxic  wastes  and  worn-out  leucocytes  in  the  blood. 
Welch^  found  that  the  blood  of  a  person  convalescing  from  pneumonia, 
three  or  four  days  after  the  crisis,  was  rapidly  fatal  to  rabbits.  Rose- 
now*^  also  concludes  from  his  observations  that  "patients  with  excessively 
high  leucocyte  counts  are  apparently  more  prone  to  the  development  of 
empyema  and  other  complications."  These  features  are  closely  related  to 
the  treatment  adopted,  since  the  use  of  appropriate  measures  prevents 
the  accumulation  of  these  worn-out  cells  by  facilitating  their  removal, 
destruction  in  the  blood-stream,  and  elimination. 


™  Flexner:    Univ.  of  Penna.  Med.  Bull.,  vol.  xvi,  p.  185,  1903. 
21  Welch:    Medical  Record,  May  14,  1898. 
2-Rosenow:    Jour.  Amer.  Med.  Assoc.,  Mar.  18,  1905. 
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Complications. — Pleurisy  is  probably  present  in  all  cases 
excepting  those  in  which  the  central  portion  of  the  lung  is  alone 
consolidated.  It  is  sufficiently  intense  sometimes  to  warrant  the 
term  pleuro-pneumonia.  The  onset  of  pleurisy  is  attended  by 
a  rise  of  temperature,  a  sharp  local  pain,  and  the  friction  sound ; 
and  if  empyema  follow,  by  a  marked  increase  of  the  leucocytosis 
and  obscuration  of  the  typical  auscultatory  signs  of  pneumonia. 
Endocarditis  is  observed  in  about  1  per  cent,  of  the  cases  and 
aggravates  the  prognosis,  since  it  occurs  usually  in  persons  suf- 
fering from  some  valvular  disorder.  The  pulse  is  usually  rapid 
and  weak,  the  fever  irregular,  and  there  is  considerable  weak- 
ness. Bough  murmurs  are  usually  discernible.  Embolism  may 
occur  in  various  parts  of  the  body :  the  right  ventricle  and  the 
lungs  especially,  the  brain  (causing  aphasia  and  sometimes  hemi- 
plegia), and,  rarely,  in  the  larger  arteries  peripheral  venous 
thrombosis  has  also  been  observed.  Pericarditis  is  not  infre- 
quently caused  through  extension,  it  is  thought,  of  the  pleuritic 
inflammation.  Among  other  possible  complications  are  arthritis, 
parotitis,  and  peripheral  neuritis,  otitis  media,  metastatic  oph- 
thalmia, nephritis,  stomatitis,  hepatitis,  and  cholecystitis. 

When  empyema  develops,  the  patient's  life  depends  upon  its  early 
discovery  and  appropriate  treatment.  In  860  eases  of  pneumonia  studied 
by  Hale  White  and  Chaning  Pearee  at  Guy's  Hospital,-'  26  developed 
pyemia,  i.e.,  3  per  cent.  They  attach  great  importance  to  a  localized 
painful  area  and  to  oedema  of  the  chest-wall.  The  temperature  falls 
when  crises  should  occur,  but  remains  around  100°  F.  (37.8°  C.)  or 
thereabouts,  and  after  three  or  four  days  rises  again,  there  being  an 
evening  exacerbation.  Endocarditis  is  ascribed  by  Preble^*  to  the 
pneumococcus  in  almost  all  cases.  It  is  oftener  on  the  left  than  on  the 
right  side,  but  the  tricuspid  and  pulmonary  valves  are  affected  four 
times  oftener  tlian  in  ordinary  endocarditis.  Emboli  occur  in  one-half 
of  the  cases.  On  the  continent  of  Europe  cardiac  complications  are  evi- 
dently rare:  von  Brach^  only  found  in  a  total  of  5738  cases  of 
pneumonia  0.2  per  cent,  of  endocarditis  and  0.5  per  cent,  of  pericarditis. 

Etiology  and  Pathogenesis. — The  primary  cause  of  pneu- 
monia is  a  deficiency  in  the  body  at  large  and  in  the  air-cells 
of  the  lungs,  of  the  auto-protective  elements,  i.e.,  phagocytic 
leucocytes  and  auto-antitoxin.  This  deficiency,  in  turn,  is  due 
either  to  general  adynamia,  or  to  a  temporary  lowering  through 
various  external  agencies  of  the  temperature  of  the  mucous 
membrane  of  the  bronchi  and  alveoli.* 

*  Atithor'.i  mnclufiion. 

23  Hale  White  and  Chaning  Pearee:    Lancet,  Nov.  10,  1900. 
2*  Preble:    Amer.  Jour.  Med.  Sci.,  Nov.,  1904. 

^SyonBrach:    Cited  by  Schatsky:    Roussky  Vratch,  Oct.  4,  1903. 
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The  first  of  these  factors,  general  adynamia,  is  brought  on 
by  conditions  now  known  to  impair  the  so-called  "vitality,"  i.e., 
debilitating  diseases,  deficiency  of  food,  alcoholism,  overwork, 
confinement  in  overpopulated  quarters,  such  as  workhouses, 
prisons,  tenements,  etc.,  where  aeration  is  defective  and  sunlight 
scarce. 

Cities  furnish  the  largest  proportion  of  deaths.  In  a  single  work- 
house at  Middlesborough,  England,  Ballard-"  witnessed  43  eases.  Rod- 
man^' observed  118  eases  in  a  prison  containing  735  inmates.  Daly" 
treated  successively  four  brothers,  then  their  mother.  The  latter 
having  succumbed,  her  mother,  who  had  come  to  attend  the  burial,  also 
acquired  the  disease  and  died.  Equally  suggestive  examples  of  the 
contagiousness  of  the  disease  have  been  observed  by  Hosier,^"  A.  Ross 
Matheson,""  Hamilton,^"^  Newsholme,'^  Ktihn,*^  Zimmermann,^*  and  Soko- 
lofF.'*  The  latter  author  concludes,  after  an  analysis  of  2360  eases,  that 
pneumonia  can  be  transmitted  from  patient  to  patient  in  hospital  wards. 
By  isolating  the  patients  and  disinfecting  the  wards  previously  occupied 
by  them,  Sokoloff  obtained  a  marked  reduction  both  of  the  number  of 
cases  and  of  the  complications  in  those  isolated.  That  infection  can 
occur  from  contaminated  quarters  was  further  shown  by  Jaworski  and 
Chrostowski,'"  who  treated  five  cases  in  a  house  which  had  not  been  free 
from  pneumonia  since  1860. 

There  is  a  marked  predisposition  to  pneumonia  during  the 
first  five  years  of  life.  The  large  proportion  of  deaths  in  chil- 
dren under  one  year  old  is  due  to  artificial  feeding,  the  infant 
being  thus  deprived  of  the  antitoxin  which  the  mother's  milk 
alone  affords;  in  cow's  milk,  which  is,  of  course,  used  some 
time  after  being  drawn,  the  adrenoxidase  is  reduced  by  the 
nucleo-proteid,  and  the  antitoxin  is  thus  decomposed.*  A  period 
of  fifteen  years  is  then  passed  during  which  the  body  is  less 
susceptible  to  the  pathogenic  elements  of  this  disease,  but  after 
the  age  of  twenty  years  there  is  a  steady  increase  of  vulner- 
ability until  old  age  is  reached,  when,  with  increasing  years, 
the  death-rate  is  very  large. 

This  is  illustrated  in  the  table  given  below,  prepared  from  the  last 
two  (United  States)  censuses  published.  It  gives  the  proportion  of 
deaths  during  each  census  year  for  the  five  periods  of  life  mentioned 
therein  per  thousand  eases  of  pneumonia: — 

*  Author's  conclusion. 

»>  Ballard:    Lancet,  June  23,  1888. 

^Rodman:    Amer.  Jour.  Med.  Sci.,  Jan.,  1876. 

28  Daly:    Lancet,  Nov.  12,  1881. 

Mosler:    Deut.  med.  Woch.,  Bd.  xv,  S.  245,  274,  1889. 

A.  Ross  Matheson:    Brooklyn  Med.  Jour.,  Apr.,  1888. 
=1  Hamilton:    Brit.  Med.  Jour.,  May  20,  1899. 
•■'2  Newsholme:    Practitioner,  Jan.,  1900. 
33Kuhn:    Berl.  klin.  Woch.,  Bd.  xxv,  S.  337,  1888. 

^*  Zimmermann :  Correspondenzblatt  f.  schweizer  Aerzte,  Bd.  xxii,  S.  537, 
1892 

=s  Sokoloff:    Bolnichnaja  Gazeta  Botkina,  No.  29,  1890. 

3^  Jaworski  and  Chrostowski:    Jour.  Amer.  Med.  Assoc.,  Dec.  1,  1888. 
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Per  1000  Cases  of  Pneumonia. 

Census  Year.   First  5  Years.   5  to  19.   20  to  39.   40  to  59.   60  and  above. 
1890  304.7  70.2  195.8  203.9  225.4 

1900  382.6  59.1  147.6  171.5  239.2 

The  highest  death-rate  is  thus  shown  to  be  borne  by  the  two  ex- 
tremes of  life.  The  influence  of  maternal  milk  on  the  mortality  of  in- 
fants is  a  complex  subject  which  cannot  be  treated  in  this  work.  An 
article  on  this  question  will  appear  in  some  medical  journal  at  an  early 
date. 

During  middle  life  (between  twenty  and  fifty-nine  years) 
pneumonia  occurs  more  frequently  among  males  than  females, 
owing  to  the  greater  exposure  and  hardships  to  which  the  former 
are  exposed.  From  the  fifth  to  the  twentieth  year,  however,  i.e., 
during  childhood  and  adolescence,  and  during  old  age,  the  op- 
posite is  the  case.  This  is  accounted  for  by  the  greater  vulner- 
ability of  the  weaker  sex. 

During  the  census  year  1890,  the  excess  over  females  during  this 
period  of  life  was  22  per  cent.,  and  in  1900,  20  per  cent.;  but  in  early 
infancy,  i.e.,  up  to  5  years,  the  difference  between  sexes  is  insignificant. 
Thus  in  1890  it  was  0.04  per  cent,  in  favor  of  the  males,  and  in  1900, 
0.03  per  cent,  in  favor  of  the  females.  From  the  fifth  to  the  twentieth 
year,  however,  which  includes  the  periods  of  childhood  and  adolesence, 
a  noteworthy  feature  asserts  itself:  The  females  preponderate  during 
both  census  years:  20  per  cent,  during  1890  and  10  per  cent,  during 
1900.  After  the  sixtieth  year  the  preponderance  of  females  over  males 
is  striking:    in  1890  it  was  25  per  cent,  and  in  1900,  39  per  cent. 

Traumatism  of  the  chest,  a  contusion,  fractured  ribs,  etc., 
may  lead  to  pneumonia  even  without  giving  rise  to  a  solution 
of  continuity  of  the  pulmonary  tissue.  This  is  due  to  the  dis- 
turbing effect  of  concussion  on  the  pulmonary  cellular  elements, 
and  to  the  consequent  weakening  of  the  local  defensive  proc- 
esses.* 

This  form  of  pneumonia  has  been  termed  by  Litten^  "contusions 
pneumonie."  Souques'*  studied  49  cases  due  to  blows  upon  the  chest 
without  solution  of  continuity  of  the  pulmonary  parenchyma.  He  found 
a  pleuro-pneumonia  in  the  majority  of  cases,  but  the  course  of  the  pneu- 
monia in  all  instances  did  not  difi'er  from  that  of  cases  usually  ascribed 
to  infection.  He  found  pneumococci  in  the  sputum  of  his  cases.  Man- 
dillon,™  Gauthier,*"  and  others  have  found  the  pneumococcus  in  abscesses 
developed  under  such  conditions.  In  a  case,  immediately  following  a  fall 
upon  the  pavement,  witnessed  by  Schild"  the  typical  lesions  of  croupous 
pneumonia  were  present,  though  the  injury  of  the  thorax  had  been  in- 
sufficient to  be  recognizable. 

*  Author's  ronchiMon. 

"'Litten:    Zeit.  f.  klin.  Med.,  Bd.  v,  S.  26,  1882. 
^  Souques:    La  presse  medicale,  T.  vii,  p.  109,  1900. 

Mandillon:    Jour,  de  med.  de  Bordeaux,  vol.  xxvi,  p.  260,  1896. 
*»  Gauthier:    Lyon  medical,  T.  xcv,  p.  329,  1900. 
"  Schild:   Munch,  med.  Woch.,  Bd.  xlix,  S.  1569,  1902. 
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Exposure  to  cold  and  dry  air — not  damp  air  as  is  generally 
taught — predisposes  to  the  disease,  but  only  where  the  pathogenic 
organisms  are  present  in  the  respiratory  tract. 

Pneumonia  is  less  frequently  met  with  in  rural  districts  than  in 
cities.  It  is  only  exceptionally  met  with  among  sailors.  Sallard*-  states 
that  it  was  extremely  rare  among  Napoleon's  troops  during  the  retreat 
from  Moscow  notwithstanding  the  extreme  hardships  experienced.  In 
large  centers,  Paris,  for  instance,  similar  conditions  give  rise  to  dissimi- 
lar results,  for  hackmen  contribute  largely  to  the  yearly  contingent  of 
victims.  Under  such  conditions  exposure  to  cold  is  a  prominent  factor. 
In  79  cases  recorded  by  Chomel,  cold  is  incriminated  14  times,  while 
Grisolle  found  this  cause  to  prevail  in  45  of  205  cases.  Dampness  is 
thought  to  increase  the  morbid  effect  of  cold  air,  but  H.  B.  Baker'"'  has 
shown  conclusively  that  this  belief  is  based  upon  an  erroneous  inter- 
pretation of  the  actual  condition  of  the  air  when  it  is  said  to  be  cold 
and  damp.  Cold  air  can  hold  relatively  little  moisture  because  its  mole- 
cules are  close  together;  warm  air,  on  the  other  hand,  can  accommodate 
considerable  since  its  molecules  are  far  apart.  Indeed  Guyot's  tables" 
based  on  Regnault's  experiments  show  that  air  at  zero  F.  contains  per 
cubic  foot  (absolute  humidity)  when  saturated  with  pure  vapor,  %  grain 
Troy;  at  32  degrees  it  contains  2  grains;  at  70  degrees,  8  grains;  at 
98  degrees,  18.69  grains.  It  is  cold,  dry  air,  therefore,  which  lowers  the 
resistance  of  the  body  to  infection. 

Ether-pneumonia  is  due  to  a  similar  condition.*  The  anaes- 
thetic, owing  to  its  rapid  evaporation  from  the  bronchi  and 
alveoli,  lowers  the  temperature  of  the  broncho-alveolar  epithe- 
lium, and  of  their  contents.  As  ferments  are  activated  by  heat, 
this  lowering  of  the  temperature  inhibits  the  activity  of  the 
proteolytic  ferment  in  the  leucocytes  and  the  auto-antitoxin  in 
the  juices  of  the  air-cells  and  bronchioles,  which,  under  normal 
conditions,  destroy  the  pathogenic  bacteria  and  their  toxins.* 
The  germs  are  thus  allowed  to  increase  and  to  cause  the  disease. 

This  exemplifies  the  action  of  inhaled,  cold,  dry  air  as  well. 

General  adynamia  proves  pathogenic  in  the  same  way, 
though  indirectly.  Starvation,  squalor,  fatigue,  etc.,  entail  in- 
adequate nutrition  not  only  of  the  body  at  large,  but  also  of 
the  organs  that  constitute  the  adrenal  system,  including  the 
pituitary  body.*  As  a  result  less  adrenoxidase  and  trypsin  are 
formed,  and  fewer  leucocytes  are  present  in  the  blood.*  Again, 
the  epithelial  lining  of  the  alveoli  and  the  fluids  bathing  them 
are  inadequately  supplied  with  its  protective  constituents,  and 
infection  occurs  if  the  pathogenic  bacteria  present  are  those  of 

*  Author's  conclusion. 

*2  Sallard:    "Manuel  de  medeclne,"  Paris,  1896. 

"  H.  B.  Baker:    Ann.  Report  of  Mich.  State  Board  of  Health,  1886. 
**  Guyot:   Smithsonian  Meteor,  and  Phys.  Tables,  p.  39  B.,  1893. 
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pneumonia,  and  if  their  number  is  sufficiently  great  to  escape 
what  protective  elements  are  present. 

Metchnikoff,  Bordet,  Ehrlich,  Morgenroth,  Zimmermann,  and  others 
are  in  accord  as  to  the  fact  that  it  is  this  substance  which  enables  the 
complement  (the  trypsinlike  agent  in  the  blood)  to  destroy  wornout 
blood-cells,  bacteria,  etc.  The  complement  being  endowed,  according  to 
Ehrlich,  with  digestive  powers,  the  immune  body  brings  it  into  contact 
with  the  pathogenic  elements,  and  these  are  dissolved.  It  is  as  certain 
that  leucocytes  containing  this  trypsinlike  ferment  and  capable  of  shed- 
ding their  nucleoproteid  granules  are  present  in  the  alveoli.  Finally, 
since  it  is  here  as  I  have  shown  that  the  adrenal  secretion  becomes  con- 
verted into  adrenoxidase,  it  is  here  that  this  substance  must  be  en- 
dowed with  its  highest  efficiency. 

The  micrococcus  or  diplococcus  lanceolatus  of  Frankel  is 
generally  considered  as  the  specific  organism.  It  has  been  found 
in  all  portions  of  the  respiratory  tract,  and  in  healthy  individuals 
in  the  mouth,  nose,  Eustachian  tubes,  and  larynx,  and  may  per- 
sist a  long  time  in  the  saliva  of  persons  who  have  suffered  from 
the  disease.  These  organisms,  and  others  that  may  be  present  in 
the  air  inhaled,  pullulate  in  the  bronchial  fluids  and  even  in 
those  of  the  alveoli  when  the  local  defenses  are  inadequate. 

Andrew  H.  Smith^'  compares  infection  to  a  "process  of  germ-cul- 
ture going  on  in  a  culture  medium,  each  air-cell  acting  as  a  tiny  test- 
tube,  and  filled  with  this  culture  medium."  Pasteur  and  Netter  have 
found  the  micrococcus  lanceolatus  in  the  buccal  secretions  of  20  per  cent, 
of  well  persons  and  accept  Grossmann's  view"  that  the  pathogenic  micro- 
organisms of  pneumonia  are  "drawn  downward  into  the  respiratory  tract 
by  aspiration  during  ether  narcosis,"  the  type,  we  have  seen,  of  exist- 
ing conditions  provoked  by  a  reduction  of  the  temperature  in  the  alveoli, 
however  produced. 

The  pneumococcus  of  Friedlander  is  another  organism 
thought  capable  of  provoking  pneumonia.  It  differs  from  the 
diplococcus  lanceolatus  in  being  single  instead  of  in  pairs,  and 
in  being  oval  instead  of  pointed  at  one  end,  i.e.,  "lance"-shaped. 
In  some  cases  it  is  the  only  bacillus  found.  When  this  bacillus 
penetrates  the  blood  the  case  is  greatly  aggravated.  It  is  also 
found  in  pure  culture  in  the  various  organs  which  become  the 
seat  of  Qomplications.  It  is  often  present  in  connection  with 
pyogenic  organisms,  especially  the  streptococcus.  Hence  the 
name  "streptococcus  pneumonia"  given  to  some  cases  of  the 
disease. 


A.  H.  Smith:    Medical  Record,  Nov.  18,  1899. 
Grossmapn:    Deut.  med.  Woch.,  Bd.  xxi,  462,  1895. 
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That  cases  in  which  the  pneumoeoccus  is  found  in  the  blood  offer 
a  very  unfavorable  prognosis  was  noted  by  Sello."  Of  12  out  of  48  cases 
(selected  from  a  series  of  750)  in  which  it  was  present,  10  died.  Of  the 
balance  of  his  eases,  36  in  which  the  pneumoeoccus  was  not  found  but  7 
died.  This  was  confirmed  by  Cole**  after  a  study  of  the  blood  of  129 
cases,  and  of  the  literature  of  the  subject.  "The  organisms  obtained  from 
the  more  severe  and  fatal  cases"  were  "either  more  numerous  or  more  re- 
sistant to  unfavorable  conditions."  Sachs'"  witnessed  a  case  in  which 
practically  all  organs  were  the  seat  of  abscesses  due  to  the  organism. 
Instances  in  which  it  was  found  alone  in  the  tissues  and  lungs,  have  been 
reported  by  Philippi,"''  Stuhlern^*  and  others.  In  a  report  of  an  epidemic 
at  the  Leavesden  Asylum,  Sinigar"  emphasizes  the  virulence  of  this  or- 
ganism. Interpreted  from  my  standpoint,  the  presence  of  any  bacillus 
in  the  circulation  means  insufficiency  of  the  adrenal  system  and  a  marked 
diminution  of  the  blood's  bactericidal  properties.  Indeed,  Muller°^  ob- 
served experimentally  "destruction  of  the  bacteria  by  the  juices  of  the 
lungs." 

Treatment. — This  may  be  divided  into  two  general  indica- 
tions: (1)  to  enhance  by  appropriate  remedies  the  protective 
activity  of  the  blood's  immunizing  cells  and  fluids,  and  (2)  to 
sustain  the  efficiency  of  the  protective  resources  of  the  body 
by  measures  vi^hich  are  known  to  preserve  the  physiological 
fluidity  and  osmotic  properties  of  the  blood. 

Agents  which  Enhance  the  Activity  op  the  Immu- 
nizing Process. — The  efficiency  of  the  blood's  bactericidal  and 
antitoxic  properties  can  be  increased  by  the  use  of  agents  which 
enhance  the  functional  activity  of  the  adrenal  system  and  simul- 
taneously tend  to  inhibit  the  multiplication  of  bacteria  in  the 
lungs.* 

Creosote  carbonate,  administered  early,  is  as  nearly  a  spe- 
cific in  pneumonia  as  quinine  is  in  malaria,  provided  sufficiently 
large  doses,  10  to  15  grains  (0.6  to  1.0  gm.)  be  given  frequently 
enough,  i.e.,  every  two  or  three  hours.  It  is  in  fact  the  physio- 
logical specific  of  pneumonia,  since  by  depressing  the  sympa- 
thetic center  it  causes  dilation  of  the  arterioles,  thus  enabling 
arterial  blood  to  circulate  with  greater  freedom  through  the 
diseased  area;  while  by  stimulating  the  test-organ  and  thus 
promoting  the  production  of  auto-antitoxin,  it  enhances  the 
destruction  of  the  pathogenic  germs  and  their  toxins.* 


*  Author's  conclusion. 

"Sello:    Zeit.  f.  klin.  Med.,  Bd.  xxxvi,  S.  112,  1899. 
*8Cole:    Johns  Hopkins  Hosp.  BuU.,  June,  1902. 
«  Sachs:    Zeit.  f.  Heilk.,  Bd.  xxiii,  S.  384,  1902. 
"Thilippi:    Munch,  med.  Vi^och.,  Bd.  xlix,  S.  1884,  1902. 
^^Stuhlern:    Cent.  f.  Bakt.,  Bd.  xxxvi,  S.  493,  1904. 
^2  Sinigar:    Lancet,  Jan.  17,  1903. 

63  Muller:    Deut.  Archiv  f.  klin.  Med.,  Bd.  Ixxi,  S.  513,  1901. 
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Creosote  carbonate  produces  no  gastric  disorders,  and  al- 
though the  urine  is  sometimes  rendered  smoky,  it  causes  no 
renal  or  cystic  disturbance,  even  when  the  above  doses  are  in- 
creased two  or  three  times.  The  accumulation  of  toxins  which 
occurs  under  other  treatments  does  not  take  place,  owing  to  the 
feeble  resistance  of  the  specific  organism  of  pneumonia  and  the 
influence  of  the  remedy,  and  the  crisis  is  often  replaced  by 
lysis.  The  fever  may,  in  fact,  disappear  within  forty-eight 
hours.  It  is  usually  given  in  a  solution  of  glycerine  and  pepper- 
mint water,  but,  though  an  oily  liquid,  it  may  be  readily  given 
in  capsules,  followed  by  a  mouthful  of  water.  It  must  be  con- 
tinued some  time  after  subsidence  of  the  fever,  to  avoid  recur- 
rence. 

The  use  of  this  agent  in  pneumonia  was  introduced  by  Cassoute  of 
Marseilles  in  1898,  and  it  has  grown  to  be  regarded  by  many  observers, 
including  A.  H.  Smith"  and  W.  H.  Thomson,'^  as  the  most  efficacious 
remedy  at  our  disposal.  In  a  series  of  1130  cases  treated  by  various 
practitioners  and  collected  by  I.  L.  Van  Zandt'"  the  mortality  was  only 
5  per  cent.  In  sixteen  personal  cases  Van  Zandt  had  no  deaths.  Tuttle 
and  Carter"  recently  reported  600  cases  treated  by  them  in  six  years.  It 
reduced  their  mortality  from  22.8  to  7  per  cent.  Baldwin,  of  Rome,'*  who 
gives  as  much  as  30  to  40  minims  (2  to  2 14  gm. )  every  three  hours,  had 
18  consecutive  cases  without  a  death,  while  the  prevailing  type  of  the 
disease  was  fatal.  Scott  and  Montgomery'"  had  a  mortality  of  14.9  in  67 
cases.  But  they  gave  it  every  four  hours  only,  whereas  the  other  obser- 
vers named  gave  it  oftener,  i.e.,  every  2  or  3  hours,  thus  sustaining  the 
bactericidal  action  of  the  remedy.  Equally  good  results  are  obtained  in 
children  as  shown  in  the  series  of  cases  reported  by  Seifert,'^  Louis 
Fischer,"  and  several  European  observers.  Conversely,  C.  F.  Stokes  of 
the  Navy°^  gave  creosote  carbonate  successfully  in  cases  ranging  from 
25  to  74  years,  the  latter  being  a  very  severe  case.  Wilcox"'  treated  33 
cases  without  a  death — avoiding  all  other  drugs.  It  has  been  highly 
recommended  by  J.  B.  Philips,"  Burdett  O'Connor,"^  Fletcher,""  and 
others.  Beverley  Robinson"'  considers  creosote  vaporized  in  the  patient's 
room  valuable  as  a  prophylactic. 

Sodium  salicylate  has  properties  similar  to  creosote  car- 
bonate, and  has  given  equally  good  results.  By  exciting  the 
test-organ  it  provokes  an  increase  of  auto-antitoxin,  including 


"A.  H.  Smith:    Med.  Rec,  Mar.  15,  1902. 
^W.  H.  Thomson:    Ibid.,  Feb.  1,  1902. 
^  I.  L.  Van  Zandt,  lUd.,  Oct.  18,  1902. 

"  Tuttle  and  Carter:  Cited  by  A.  H.  Smith:  Amer.  Therap.,  Jan.  15,  1905. 
^  Baldwin :  IMd. 

^8  Scott  and  Montgomery:    Therap.  Gaz.,  Dec.  15,  1903. 

"0  Seifert:    N.  Y.  Lancet,  Dec,  1899. 

"1  Louis  Fischer:    Archives  of  Pediatrics,  Feb.,  1903. 

"2  C.  F.  Stokes:    Brooklyn  Med.  Jour.,  Aug.,  1900. 

"3  Wilcox:    Amer.  Jour.  Med.  Sci.,  Sept.,  1902. 

"*J.  B.  Philips:    Carolina  Med.  Jour.,  Nov.,  1906. 

"^  Burdett  O'Connor:    Northwest  Medicine,  Feb.,  1906. 

""Fletcher:    Canada  Lancet,  Feb.,  1907. 

"■^  Beverley  Robinson:   Medical  Record,  Apr.  7,  1906. 
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thyroidase,  in  the  blood,  and  by  exciting  simultaneously  the  sym- 
pathetic center,  causes  the  arterioles  to  propel  the  blood  with 
increased  vigor  into  the  diseased  area,  thus  enhancing  mark- 
edly the  bacteriolytic  and  antitoxic  process.*  But  it  often  pro- 
vokes excessive  sweating,  tinnitus  aurium,  severe  headache,  and 
sometimes  hsematuria.  It  is  also  contraindicated  when  cardiac 
lesions  are  present.  Conversely,  it  reduces  the  pleuritic  pain 
and  the  thirst  causes  defervescence  by  lysis  and  greatly  reduces 
the  severity  of  the  disease.  It  may  be  given  in  8  to  10-grain 
(0.5  to  0.66  gm.)  doses,  every  two  hours,  to  adults,  when  creo- 
sote carbonate  is  not  obtainable. 

Although  Talamon  and  Lecorehfi'^  failed  to  hasten  defervescence, 
DeBecker*^"  found  it  exceptionally  valuable  in  infantile  pneumonia.  Seb- 
ring'"  had  only  one  death  in  100  eases,  some  of  which  received  the  salicy- 
late alone.  It  is  also  recommended  by  Sir  Hermann  Weber"  and  De- 
Becker.  Pye  Smith'^  limits  its  use  to  cases  complicated  with  rheumatism. 
F.  D.  Reese''  recently  reported  twenty-one  cases  of  pneumonia  with  but 
two  deaths,  one  of  the  fatal  cases  being  a  woman  of  83  years. 

Among  other  agents  of  this  class  which  have  been  tried  and  aban- 
doned are  creosote,  carbolic  acid,  eucalyptol,  and  naphthol,  owing  to  the 
irritating  action  on  the  kidney. 

Quinine  likewise  floods  the  diseased  area  with  blood  rich  in 
auto-antitoxin.*  But  this  result  is  not  obtained  with  small  doses, 
since  these  only  excite  the  vasomotor  center  and  raise  the  blood- 
pressure.*  Large  doses,  however,  increase  powerfully  the  pro- 
pulsive activity  of  the  arterioles  by  exciting  the  sympathetic 
center,  and  simultaneously  the  adrenal  center.*  So  far  it  acts 
much  as  does  sodium  salicylate.  Quinine  is  endowed  with  an 
additional  virtue,  however:  that  of  acting  as  a  direct  bacteri- 
cidal agent,  the  pneumococcus  offering  but  slight  resistance  to 
agents  capable  of  acting  as  does  quinine  upon  the  plasmodium 
malaria?.* 

Quinine  in  large  doses  is  thus  very  effective  in  pneumonia 
because  it  causes  the  arterioles  to  flood  the  diseased  area  with 
blood  rich  in  auto-antitoxin  and  an  additional  and  powerful 
germicide.*    The  quantities  to  be  used  are  given  below. 


*  Author's  conclusion. 

Talamon  and  Lecorche:    "Therapeutique  AppliquSe,"  Robin,  1896. 
«<*  DeBecker :    Ann.  de  la  Soc.  de  med.  d'Anvers,  vol.  Ix,  p.  65,  1898. 
'»  Sebring:    Medical  Record,  Apr.  22,  1899. 
"  Sir  Hermann  Weber:    Practitioner,  Feb.,  1900. 
"Pye-Smith:    Medical  Record,  Apr.  21,  1900. 
"  F.  D.  Reese:    Medical  Record,  Nov.  26,  1904. 
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Quinine  has  been  used  by  a  few  European  clinicians,  some,  Juer- 
gensen,"  having  given  it  in  5-gram  (77  gr. )  doses.  Recently  W.  J. 
Galbraith,  of  Cananea,  Mexico,"  called  attention  to  the  great  value  of 
this  mode  of  treatment,  emphasizing,  however,  the  need  of  very  large 
doses — a  view  thoroughly  sustained  by  the  interpretation  of  its  action 
I  have  submitted.  His  method  is  as  follows:  "First  a  warm  bath,  fol- 
lowed by  a  calomel  or  phosphate  of  soda  purge.  The  first  dose  of  qui- 
nine is  given  three  hours  later  provided  the  stomach  is  not  disturbed. 
If  the  temperature  is  105°  F.  (40.5°  C.)  or  over  he  gives  from  60  to  70 
grains  (4  to  4.6  gm.)  of  quinine  sulphate,  followed  in  an  hour  by 
usually  half  the  same  dose.  If  the  temperature  ranges  between  103° 
and  104°  F.  (39.5°  and  40°  C),  from  40  to  50  grains  (2.6  to  3.3  gm.) 
are  given  as  above.  If  a  lower  temperature  is  found,  he  gives  40  grains 
(2.6  gm.),  his  minimum  initial  dose.  The  use  of  the  tincture  of  the 
chloride  of  iron  is  begun  within  three  or  four  hours  after  the  second  dose 
of  quinine,  and  in  doses  ranging  from  10  to  15  minims  (0.6  to  0.9  c.c. ) 
at  intervals  of  from  two  to  six  hours,  depending  on  the  condition  of  the 
pulse.  In  case  the  temperature  rises  to  101°  or  102°  F.  (38.3°  or  38.9° 
C. ) ,  after  it  has  reached  the  normal  or  subnormal  mark,  he  adminis- 
ters from  40  to  50  grains  (2.6  to  3.3  gm. )  of  quinine  at  one  dose  and 
continues  the  iron  in  15  minim  (0.9  c.c.)  doses  every  three  or  four 
hours.  He  protests  against  any  compromise  in  the  way  of  dividing  the 
doses  of  either  iron  or  quinine  during  the  active  pneumonic  stage.  If 
the  stomach  is  rebellious  it  may  usually  be  overcome  by  chloretone  or 
pepsin  and  guaiacol.  He  dresses  his  patients  with  as  light-weight  cloth- 
ing as  possible  and  provides  thorough  ventilation  and  advises  plenty  of 
liquid  nourishment."  A  number  of  physicians,  Drs.  Gustetter,  Carpenter, 
Haney,  Butzow  and  Dudley,  all  of  Cananea, — where  the  mortality  of 
pneumonia  is  exceedingly  high  owing  to  the  atmospheric  conditions  and 
the  altitude, — have  confirmed  his  observations  in  their  own  practices. 
From  75  per  cent,  in  a  very  large  number  of  cases,  Galbraith's  mor- 
tality, for  example,  dropped  down  to  2  per  cent.  Gustetter'^  of  the  Ma- 
rine Hospital  Service  in  the  same  region,  reduced  his  average  mortality, 
80  per  cent.,  to  no  death  in  the  30  cases  in  which  he  had  used  Galbraith's 
treatment.  Nieder,"  A.  W.  Riley"  and  others  have  reported  equally 
satisfactory  results,  some  using  somewhat  smaller  doses.  Cinchonism, 
even  its  mildest  symptom,  tinnitus,  is  rarely  produced,  though  a  symp- 
tom due  to  cerebral  congestion,  delirium,  is  occasionally  witnessed.  The 
beneficial  effects  appear,  as  a  rule,  on  the  second  or  third  day,  and  are 
followed  by  rapid  convalescence. 

An  important  feature  connected  with  the  treatment  of 
pneumonia  is  the  preservation  of  the  normal  osmotic  properties 
of  the  body  fluids.*  If  the  blood  is  abnormally  viscid,  as  is  the 
case  when  its  alkalinity  is  low,  its  bacteriolytic  and  antitoxic 
properties  are  so  hampered  that  the  beneficial  effects  of  the 
remedies  are  greatly  compromised.* 

Agents  which  Preserve  the  Efficiency  of  the  Protec- 
tive Resources. — Blood  Salts. — This  object  is  met  by  supplying 

*  Author's  conclusion. 
Juergensen:   Ziemssen's   "Cyclopedia,"   1875;    cited  by  von  Manstelde: 
Jour.  Amer.  Med.  Assoc.,  Mar.  17,  1906. 

W.  J.  Galbraith:    Jour.  Amer.  Med.  Assoc.,  Feb.  10,  1906. 
'8  Gustetter:    Ibid..  Mar.  17,  1906. 
"  Nieder:    Tbid.,  Nov.  18,  1905. 
™A.  W.  Riley:    Med.  Brief,  June,  1907. 
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to  the  blood  the  salts  it  requires  in  order  to  conserve  its  normal 
fluidity  and  its  normal  properties.  By  thus  facilitating  the 
circulation  of  blood  in  the  tissues,  including  the  lungs,  the  latter 
are  not  only  supplied  with  the  protective  elements  available  to 
disintegrate  the  bacteria  and  their  toxins,  but  the  toxic  and  acid 
wastes  are  freely  drained  into  the  blood-stream  and  transformed 
into  eliminable  products. 

The  salts  of  the  blood  "have  most  important  functions"  recently 
wrote  Howell,"  "they  maintain  a  normal  composition  and  osmotic  pres- 
sure in  the  liquids  and  tissues  of  the  body."  .  .  .  "Moreover,  these 
salts  constitute  an  essential  part  of  the  composition  of  living  matter." 
Jacques  Loeb'"  also  states  that,  "the  sodium  ions  of  the  blood  as  well  as 
of  the  sea-water,  are  essential  for  the  maintenance  of  life-phenomena." 

In  the  first  volume  I  pointed  out  that  in  pneumonia  a  large 
amount  of  sodium  chloride  was  consumed;  that  owing  to  re- 
stricted diet  or  anorexia,  the  patient  received  an  inadequate 
supply,  and  that  the  vital  and  defensive  functions  being  increas- 
ingly hampered,  the  chances  of  death  were  considerably  in- 
creased.* 

The  reader  is  referred  to  the  first  volume''  for  the  experimental 
evidence  contributed  by  Metchnikoff,  Behring  and  Nissen,  Paul,  von 
Fodor,  Blumenthal  and  many  others  in  support  of  this  conclusion. 
Barlow'^  alluding  to  diminution  of  the  blood's  alkalinity  during  fever 
says:  "The  cause  of  this  change  is  quite  unknown  .  .  .  but  what- 
ever the  true  explanation  may  be,  it  is  probable  that  the  change  is  highly 
important  for  the  organism,  for  it  is  an  unfavorable  sign  in  febrile  dis- 
ease, and  it  is  known  that  diminished  alkalinity  of  the  blood  goes  hand 
in  hand  with  increased  susceptibility  to  infection." 

In  pneumonia  the  chlorides  are  soon  diminished  in  the 
urine,  then  disappear  entirely.  Inasmuch  as  even  moribund 
cases  are  sometimes  saved  by  saline  solution  hypodermoclysis, 
the  need  of  sodium  chloride  is  self-evident,  and  if  introduced 
into  the  blood  from  the  outset  of  the  fever  as  suggested  by  my- 
self^* and  not  late  in  the  disease  as  now  practiced,  the  blood's 
protective  functions  and  its  osmotic  properties  may  be  ade- 
quately sustained  throughout  the  disease. 

Beale  many  years  ago  showed  that  the  chlorides  disappear  from 
the  urine  to  accumulate  in  the  lungs.  Huchard  also  emphasized  the  im- 
portance of  this  symptom.    Hutchison**  found,  on  the  other  hand,  that 

*  Author's  conclusion. 

'"Howell:    "T.  B.  of  Physiol.,"  p.  801,  1905. 

8"  Jacques  Loeb:  "Studies  in  General  Physiology,"  part  ii,  p.  556,  Uni- 
versity of  Chicago,  1905. 

SI  Cf.  vol.  i,  pp.  778  et  seq. 

*2  Barlow:    "General  Pathology,"  second  edition,  p.  415,  1904. 
8=  Cf.  vol.  i,  p.  784,  1903. 

8*  Hutchison:    Jour,  of  Path,  and  Bact.,  vol.  v,  p.  406,  1898. 
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the  chlorides  were  taken  up  by  all  fixed  tissues.  Roehrich  and  Wiki'° 
observed  that  when  the  crisis  occurs  and  a  rapid  favorable  change  takes 
place,  the  chlorides  suddenly  become  very  abundant;  but  if  defervescence 
is  by  lysis  the  increase  is  proportionately  gradual,  the  normal  proportion 
being  reached  in  three  or  four  days.  Failure  to  rapidly  increase  is  an 
unfavorable  sign.  Henry,  who  first  used  hypodermoclysis  in  "desper- 
ately ill"  cases""  nevertheless  saved  eight  out  of  ten  of  these  cases.  As 
similar  results  have  been  obtained  by  others  when  all  other  means  had 
failed,  the  physiological  aid  given  by  the  salt  is  unquestionable.  Yet, 
being  recommended  in  text-books  only  for  desperate  cases,  it  is  now 
rarely  employed.  Ewart  and  PercivaP  for  instance  state  that  saline 
injections  "were  powerless  to  check  the  fatal  course"  in  "the  worst  type 
of  cases."  How  can  it  be  otherwise  when  the  whole  body  is  overwhelmed 
with  toxins? 

Hypodermoclysis  and  intravenous  injections  of  saline  solu- 
tion involving  the  frequent  use  of  a  large  hypodermic  needle, 
thus  giving  pain  and  exposing  the  patient  to  abscesses,  are  not 
appropriate  for  repeated  use.  The  oral  use  of  saline  solution  in 
the  manner  and  under  the  conditions  indicated  on  page  1367 
meets  all  therapeutic  indications.  Hypodermoclysis  may  be  sub- 
stituted vi^hen,  in  advanced  cases,  an  immediate  effect  is  required. 

The  oral  use  of  saline  solutions  was  introduced  by  J.  B.  Todd,  of 
Syracuse,  N.  Y.*'  Inspired  by  my  views,  he  employed  it  early  in  all  his 
eases,  with  prompt  and  satisfactory  results.  For  an  adult  he  gives  10 
grains  (0.6  gm. )  of  sodium  chloride  and  5  grains  (0.3  gm.)  of  potas- 
sium bicarbonate,  dissolved  in  8  ounces  (250  gm.)  of  water.  A  tea- 
spoonful  of  lemon  juice  added  to  this  mixture  thus  transforms  it  into 
an  eff'ervescent  beverage  which  is  gratefully  taken  by  the  patient.  This 
quantity  may  be  given  to  febrile  cases  every  two  hours.  The  potas- 
sium bicarbonate  antagonizes  acidosis.  J.  Madison  Taylor*"  obtained 
similar  effects  in  the  pneumonia  of  children.  This  corresponds  with  the 
results  reached  by  predecessors  who,  though  unaware  of  the  influence 
of  salt  solution  on  the  immunizing  processes,  employed  injections  early. 
Thus  in  all  cases  in  children  reported  by  Lemaire,"*  he  found  that  "the 
blood-pressure  was  promptly  raised,  diuresis  was  increased,  the  whole 
organism,  notably  the  nervous  system,  was  powerfully  stimulated,  oxida- 
tion was  enhanced,  and  all  recovered."  F.  W.  D'Evelyn,"^  H.  F.  Thomp- 
son"^ and  others  have  also  extolled  the  value  of  this  measure  in  severe 
cases. 

Agents  which  Counteract  Asthenia.  —  We  have  seen 
that  cases  in  which  leucocytosis  fails  to  occur,  either  through 
general  adynamia,  alcoholism,  or  when,  owing  to  a  profound 
toxaemia,  the  toxins  have  caused  adrenal  insufficiency,  the  chances 


s5  Roehrich  and  Wiki:   Revue  medicale,  June  20,  1900. 

Henry:    Intern.  Clinics,  vol.  iv,  ninth  series,  p.  29,  1900. 

Ewart  and  Percival:    Brit.  Med.  Jour.,  Sept.  29,  1900. 
88  J.  B.  Todd:    N.  Y.  Med.  Jour.,  May  20,  1905. 

8»J.  Madison  Taylor:  N.  Y.  Med.  Jour.,  Dec.  30,  1905;  Medical  Record, 
Jan.  13,  1906. 

Lemaire:   Semaine  medical,  vol.  xviii,  p.  405,  1898. 
»i  F.  W.  D'Evelyn :   Medical  Record,  Dec.  30,  1905. 
»2  H.  F.  Thompson :   Medical  News,  Apr.  25,  1903. 
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of  recovery  are  greatly  reduced.*  A  deficiency  of  adrenoxidase 
being  tlie  direct  cause  of  tlie  adynamia,  agents  capable  of  in- 
creasing the  functional  activity  of  the  adrenals  are  indicated.* 
Digitalis. — In  asthenic  cases  of  any  kind  and  when  hypo- 
leucocytosis  is  present,  digitalis  should  be  used  besides  the  alka- 
line beverage  and  the  creosote  carbonate  or  quinine.  This  agent 
satisfies  several  requirements :  By  powerfully  stimulating  the 
adrenals  it  strengthens  the  action  of  the  heart  and  the  propor- 
tion of  auto-antitoxin  in  the  blood.*  As  in  asthenic  cases,  there 
is  relaxation  of  the  arteries,  full  therapeutic  doses  of  digitalis — 
8  to  12  minims  (0.5  to  0.8  gm.)  of  the  tincture,  or  digitalin, 
Vio  to  Ve  grain  (0.0065  to  0.01  gm.),  are  required  three  times 
daily  to  obtain  adequate  effects. 

That  digitalis  provokes  leucoeytosis  was  shown  by  Naegeli-Aker- 
blom°^  and  Borini."*  Von  Jaksch"^  long  ago  emphasized  the  need  of  such 
an  agent  in  pneumonia.  Its  action  on  the  heart  is  familiar  to  everyone. 
All  these  properties  plainly  account  for  the  remarkable  results  obtained 
by  many  clinicians  since  Traube  in  1850  first  suggested  its  use,  and  es- 
pecially since  Petrescu""  obtained  a  mortality  of  1.2  to  2.6  per  cent,  in 
1192  soldiers.  This  was  ascribed  to  the  youth  and  vigor  of  these  men,- 
but  as  shown  by  Lepine,  Mosius,  Finkel,  Landouzy  and  others,  this 
reason  is  not  valid.  All  clinicians  agree,  however,  that  in  order  to  ob- 
tain beneficial  eff'ects,  large  doses  are  necessary.  Franc"'  refers  to 
equally  good  results  obtained  with  digitaline.  Beates"^  and  Arnold  and 
H.  C.  Wood,  Jr.,"'  have  shown  that  the  doses  usually  prescribed  are  prac- 
tically useless. 

To  obtain  a  prompt  reaction  in  asthenic  cases,  adrenalin 
has  been  found  of  value,  especially  where  other  stimulants  fail. 
Its  action  differs  from  that  of  digitalis  in  being  ephemeral  in- 
stead of  lasting.  This  is  because  digitalis  stimulates  the  ad- 
renal center  and  sustains  the  physiological  production  of  the 
adrenal  secretion,  while  conversely,  adrenalin  only  adds  a  small 
fraction  to  the  total  amount  already  in  the  blood.*  Adrenalin 
may  be  given  in  doses  of  15  minims  (1  gm.)  of  a  1  to  1000 
solution,  at  short  intervals  according  to  the  needs  of  the  case. 
Adrenal  extract,  3  grains  (0.2  gm.),  every  two  or  three  hours, 
has  been  found  valuable  as  a  general  stimulant.  This  shows 
that  thyroid  extract  in  small  doses,  3  grains  (0.2  gm.)  every 
three  hours,  would  also  prove  efficacious. 

*  Author's  ronchiMon. 

»3  Naegeli-Akerblom:    Central,  f.  inn.  Med.,  Bd.  xvi,  S.  769,  1895. 
"^Borini:    Central,  f.  Bakt.  u.  Par.,  Bd.  xxxii,  S.  207,  1902. 
»=^Von  Jaksch:    Central,  f.  klin.   Med.,  Feb.  6,  1892. 

Petrescu:    Le  bull,  medical,  vol.  viii,  p.  337,  1894. 
■"Franc:    Ihid.,  vol.  ix,  p.  885,  1895. 

Beates:    Jour.  Amer.  Med.  Assoc.,  June  26,  1897. 
""Arnold  and  H.  C.  Wood,  Jr.:    Amer.  Jour.  Med.  Sci.,  Aug.,  1900. 
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E.  A.  Gray™  used  suprarenal  extract  in  the  above  doses  in  six 
cases.  The  stimulation  was  marked;  the  heart  reacted  promptly  and 
the  general  symptoms  were  favorably  influenced,  especially  in  aged  sub- 
jects. H.  L.  Eisner^"'  used  adrenalin  with  advantage  in  several  cases.  In 
one  of  these  its  use,  after  strychnine  had  failed,  promptly  increased  the 
cardiac  power  and  the  blood-pressure.  S.  Solis-Cohen'"-  prefers  supra- 
renalin  triturate  given  every  ten  minutes  with  a  little  sugar  of  milk. 

Other  drugs  have  proven  useful  in  this  connection,  namely, 
strychnine,  pilocarpine,  alcohol,  strophanthus,  atropine,  caffeine, 
ammonium  carbonate,  and  nitroghjcerin  given  in  the  usual  thera- 
peutic doses. 

Agents  which  Counteract  Excessive  Arterial  Ten- 
sion AND  Pulmonary  Engorgement. — When  the  disease  oc- 
curs in  strong  plethoric  individuals,  the  protective  reaction  is 
so  violent  sometimes  that  the  lungs  become  excessively  congested 
through  undue  arterial  tension  and  the  heart  becomes  overbur- 
dened. IMarked  dyspnoea  and  even  cyanosis  may  then  occur — 
conditions  which  some  clinicians  meet  by  bleeding.  This  meas- 
ure reduces  the  congestion,  but,  of  course,  at  the  expense  of  the 
blood's  protective  constituents.  Vievred  in  this  light,  bleeding 
is  an  unscientific  measure  and  is  not  recommended,  especially 
since  we  have  remedies  capable  of  relieving  the  patient  without 
compromising  his  prospects  of  recovery. 

Veratrum  viride,  by  depressing  the  activity  of  the  vaso- 
motor center,  correspondingly  diminishes  the  pulmonary  en- 
gorgement since  its  main  cause,  excessive  blood-pressure,  is 
diminished  through  the  resulting  dilation  of  the  great  central 
trunks.  The  dangerous  resistance  to  which  the  heart  is  sub- 
jected is  also  removed  because  the  "patient  is  bled  into  his 
own  circulation,"  as  Wood  says.  The  temperature  is  likewise 
lowered  and  perspiration  is  provoked.  The  tincture  of  veratrum 
viride  may  be  used,  8  to  16  minims  (0.5  to  1.0  gm.)  (1905 
TJ.  S.  P.)  being  given  every  two  hours  until  the  desired  effect 
is  produced.  It  is  only  indicated,  however,  in  sthenic  cases.  In 
such,  veratrum  viride  assists  the  curative  process  since  it  causes 
relaxation  of  the  arterioles,  thus  admitting  more  blood — which 
is  always  rich  in  auto-antitoxin  in  sthenic  cases — into  the  dis- 
eased area.* 

*  Author's  ronchiiion. 

i<»  E.  A.  Gray:    Medical  Record,  Apr.  5,  1902. 
H.  L.  Eisner:    N.  Y.  Med.  Jour.,  Jan.  2,  1904. 
s.  Solis-Cohen:    Jour.  Amer.  Med.  Assoc.,  Dec.  10,  1904. 
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H.  C.  Wood"'  states  that  although  veratrum  viride  can  produce 
alarming  symptoms,  it  is  the  safest  of  cardiac  depressants.  Dickerson,'*^ 
Rittenhouse/"'*  Atkinson,"-™  Hill,""  Stephens,""*  and  others  praise  it  highly, 
the  last  named  after  using  it  in  54  cases.  Illoway""'  also  found  it  valu- 
able in  children  in  doses  varying  from  %  to  %  drop  (2  to  4  drops,  1905 
U.  S.  P. )  given  every  hour  and  a  half. 

I  have  obtained  effects  similar  to  those  of  veratrum  viride 
by  means  of  full  doses  of  sodium  bromide,  i.e.,  20  to  30  grains 
(1.3  to  3  gm.)  every  three  hours,  giving  it  only  until  the  dysp- 
noea was  relieved.  The  cough  and  pain  are  also  favorably  in- 
fluenced. Its  action  is  similar  to  that  of  veratrum  viride:  by 
causing  general  vasodilation  it  depletes  the  congested  areas.* 
It  is  especially  useful  when  there  is  delirium. 

When  an  immediate  effect  is  required,  i.e.,  when  there  is 
great  dyspnoea  or  cyanosis,  nitrite  of  amyl  inhalations,  which 
cause  general  vasodilation,  are  indicated,  the  effect  being  sus- 
tained with  nitroglycerin  given  internally. 

The  indiscriminate  use  of  the  latter  drug,  especially  in  sthenic 
eases,  is  a  dangerous  practice.  As  Hare  states,  "it  has  come  to  be  em- 
ployed with  the  idea  that  it  is  a  circulatory  stimulant,  which  is  an 
entirely  erroneous  conception." 

The  management  of  a  case  of  pneumonia,  in  the  light  of 
my  views,  reduces  itself  as  regards  remedies  to  the  following 
general  principles:  (1)  creosote  carbonate  in  any  kind  of  case, 
sthenic  or  asthenic,  or  sodium  salicylate  if  creosote  carbonate  is 
not  available;  (2)  quinine  in  asthenic  cases,  including  alco- 
holics, the  ill-fed,  overworked  and  obese  subjects;  (3)  digi- 
talis or  thyroid  extract,  or  in  emergencies  adrenalin,  when  the 
protective  reaction  of  the  adrenal  system  is  deficient;  (4) 
veratrum  viride  or  the  bromides  when  the  vascular  tension  is 
excessive  in  sthenic  subjects  as  shown  by  dyspnoea,  duskiness 
or  cyanosis;  (5)  amyl  nitrite  and  nitroglycerin  when  these 
symptoms  become  threatening;  (6)  saline  beverages  in  all  cases 
attended  by  fever.* 


*  Author's  conclusion. 

"3  H.  C.  Wood:  "Therapeutics,"  eleventh  edition,  1900. 
1"*  Dickerson :    Jour.  Amer.  Med.  Assoc.,  Nov.  9,  1901. 

Rittenhouse:    Clinical  Review,  Feb.,  1905. 
i»«  Atkinson :    St.  Louis  Med.  Rev.,  May  18,  1901. 
"'Hill:    N.  C.  Med.  Jour.,  June  5,  1898. 
"8  Stephens:   Therap.  Gaz.,  Nov.  15,  1901. 
"ojlloway:   Pediatrics,  Dec.  15,  1900. 
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BRONCHO-PNEUMONIA. 

Synonyms. — Capillary  Bronchitis;  Catarrhal  Pneumonia; 
Lobular  Pneumonia;  Aspiration  Pneumonia;  Deglutition  Pneu- 
monia; Suffocative  Catarrh. 

Definition.  —  Broncho-pneumonia,  an  inflammation  of  the 
bronchioles,  lobules  and  often  of  the  parenchyma  of  a  circum- 
scribed portion  of  both  lungs,  is  due  to  the  multiplication  therein 
of  pathogenic  organisms,  particularly  of  the  pneumococcus, 
streptococcus  pyogenes  and  staphylococcus  pyogenes,  owing  to 
a  deficiency  in  the  mucus  and  mucosa  of  the  respiratory  tract, 
of  auto-antitoxin  and  phagocytes,  which,  under  normal  condi- 
tions, destroy  these  germs  and  their  toxins.  The  deficiency  of 
these  protective  agents  may  be  due  either  to  local  or  general 
adynamia :  local,  as  after  anaesthesia,  tracheotomy,  prolonged 
inhalation  of  granite  dust,  etc. ;  general,  as  after  debilitating 
diseases,  or  owing  to  marasmus,  rickets,  senility,  etc.,  the  pri- 
mary cause  of  which,  in  the  latter  case,  is  hypoactivity  of  the 
adrenal  system.* 

Symptoms. — The  development  of  broncho-pneumonia  varies 
to  a  certain  extent  with  the  cause,  but  as  a  rule  the  onset  is  not 
sudden,  as  in  pneumonia,  because  the  initial  phenomena  are 
bronchial.  These  consist  of  a  stubborn  cough,  a  moderate  rise 
of  the  temperature  and  pulse,  vomiting  and  sometimes  convul- 
sions. If  it  develops  as  a  complication,  the  primary  disease 
changes  its  aspect;  eruptions  such  as  those  of  measles  or  scar- 
latina become  less  defined  or  disappear ;  the  cough  of  pertussis 
loses  its  characteristic  soimd,  etc. 

When  the  pneumonic  inflammatory  process  develops,  the 
temperature,  from  perhaps  100°  F.  (37.8°  C.)  that  it  was  before, 
now  rises — unless  the  original  disease  be  a  debilitating  one — 
to  102°  F.  (38.9°  C.)  and  above--as  high  as  104.5°  F.  (40.3° 
C);  the  pulse  becomes  rapid :  from  120  to  150;  repeated  slight 
chills  occur,  and  the  cough  becomes  more  severe  and  harassing. 
The  febrile  process  is  extremely  irregular,  both  it  and  the  pulse, 
which  is,  as  a  rule,  feeble  and  frequent,  varying  with  the  in- 
tensity of  the  pulmonary  lesions  and  the  fluctuations  of  the 


*  Author's  definition. 
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arterial  tension.  As  a  rule,  however,  the  temperature  gradu- 
ally rises  during  two  or  three  days,  remains  at  the  highest  point 
one  or  two  days  or  more.  Then  occurs  a  remission,  followed  in 
turn  by  a  new  exacerbation,  etc.  The  breathing  becomes  rapid, 
and  the  child  soon  shows  evidences  of  distressing  dyspnoea,  until 
finally  the  lips  and  face  become  cyanosed.  This  may  be  fol- 
lowed by  a  leaden  hue  or  lividity  with  dilation  of  the  pupils — 
signs  of  impending  dissolution. 

The  child  may  pass  away  at  this  time,  but  often  the  accu- 
mulation of  carbon  dioxide  in  the  blood  dulls  sensibility;  the 
irritable  cough  improves  and  though  the  lividity  of  the  face  con- 
tinues and  the  respiratory  rate  is  very  high,  and  the  pulse 
suggests  by  its  rapidity,  weakness  and  irregularity  a  lethal 
trend,  a  change  for  the  better  occurs  and  the  child  is  soon 
restored  to  health. 

The  physical  signs  are  mainly  those  of  bronchitis;  fine 
sibilant  and  mucous  rales  or  sonorous  ronchi  are  heard  on  both 
sides,  the  percussion  note  being  but  slightly  modified  from  the 
normal,  though  a  slight  increase  in  resonance  is  sometimes  ob- 
tained. When  the  base  of  both  lungs  is  involved,  dullness  over 
the  diseased  area,  with  some  bronchophony  and  fine  subcrepi- 
tant  rales  suggests  consolidation ;  but  if  these  signs  are  fuga- 
cious, disappearing  at  one  time  to  re-appear  at  another,  they 
indicate  temporary  exacerbations  of  local  congestion  which 
cease  as  soon  as  convalescence  begins. 

In  aged  subjects  the  occurrence  of  broncho-pneumonia  is 
very  probable  when  dyspnoea  suddenly  occurs  in  the  course  of 
a  bronchial  catarrh,  the  respirations  rising  from  26  to  perhaps 
40.  Adynamia,  dryness  of  the  tongue  and  a  high  fever,  delir- 
ium, etc.,  then  follow  in  rapid  succession,  the  typical  physical 
signs  of  broncho-pneumonia  soon  becoming  evident.  Cyanosis 
is  a  more  serious  symptom  than  in  children  in  these  cases,  owing 
to  the  lack  of  recuperative  vitality  which  senility  entails.  Hence 
the  great  fatality  of  the  disease  in  such  subjects. 

In  adults  especially  in  sthenic  subjects,  the  dyspnoea  is  apt 
to  become  severe  very  early,  the  fever  soon  rising  to  104°  F. 
(40°  C).  The  expectoration  is  free  and  often  tinged  with 
blood,  and  a  red  spot  on  both  cheeks  attests  to  the  kinship  of 
the  condition  present  to  lobar  pneumonia,  with  the  physical 
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signs  of  an  intense  bilateral  bronchitis,  and  in  many  instances 

the  general  phenomena  of  a  general  typhoid  state. 

In  infants  the  disease  occurs  most  frequently  during  the 

first  six  weeks  of  life.    The  infant  refuses  the  breast  and  soon 

shows  respiratory  distress,  some  fever  or  perhaps  hypothermia. 

In  some  instances  convulsions  occur  among  the  earliest  signs 

of  the  disease,  and  are  soon  followed  by  its  typical  phenomena. 

It  is  very  frequently  fatal,  corresponding  in  this  particular  with 

the  broncho-pneumonia  of  the  aged.   The  mortality  is  especially 

great  among  bottle-fed  children. 

Hardy""  in  a  study  of  150  fatal  cases  found  that  the  mortality 
was  7.7  times  as  great  in  bottle-fed  as  in  breast-fed  children.  This  is 
readily  accounted  for  in  the  light  of  my  views  by  the  fact  that  the 
maternal  milk  supplies  the  infant  with  auto-antitoxin  which  protects 
it  against  infection.  Even  fresh  cow's  milk  fails  to  do  this,  since  tlie 
reactions  to  which  the  auto-antitoxin  is  submitted  within  a  few  min- 
utes after  it  is  drawn,  deprive  it  of  its  bacteriolytic  and  antitoxic  prop- 
erties. The  question  is  a  complex  one  which  I  will  treat  elsewhere  at 
length. 

Etiology  and  Pathogenesis.  —  Broncho-pneumonia,  as  its 
name  implies,  is  a  combination  of  bronchitis  and  pneumonia, 
and  occurs  mainly  in  children  before  the  third  year  and  in  aged 
subjects.  It  is  occasionally  observed  in  the  adult.  In  children 
it  may  develop  idiopathically,  i.e.,  from  a  cold,  beginning  often 
with  coryza  or  laryngitis,  or  both,  especially  when  the  subjects 
are  debilitated,  anaemic,  poorly  fed,  etc.  In  about  two-thirds 
of  the  cases,  however,  it  occurs  as  a  complication  of  measles, 
scarlet  fever,  pertussis,  diphtheria,  erysipelas,  infantile  diarrhoea 
and  variola,  often  owing  to  exposure  to  draughts,  inadequate 
covering,  etc.,  during  convalescence,  while  the  child  is  still  weak. 
We  thus  have  precisely,  as  in  pneumonia,  a  debilitated  body  as 
soil  for  the  development  of  the  pathogenic  organisms. 

The  primary  form  is  due  to  the  pneumococcus,  while  the 
secondary  form  is  ascribed  to  the  streptococcus  mainly,  but  also 
to  other  bacteria:  the  pneumococcus  of  Triedlander,  the  ba- 
cillus of  influenza,  of  typhoid  fever,  of  tuberculosis,  the  bacillus 
coli  communis,  etc.  Most  of  these  are  derived  from  the  upper 
respiratory  tract  and  the  mouth.  Broncho-pneumonia  may  also 
be  caused  by  the  inhalation  of  stone,  steel,  coal  and  other  dusts, 
and  by  the  aspiration  of  particles  of  food  or,  in  the  newborn, 
of  lochial  discharges. 


Hardy:   Lancet,  Sept.  24,  1904. 
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Samuel  West""-  states  that  broncho-pneumonia  is  associated  with 
several  varieties  of  pathogenic  organisms,  the  streptococcus,  the  staphy- 
lococcus, the  tubercle  bacillus  and  others,  but  that  chief  among  all  is 
the  pneumococcus,  which  is  present  either  alone  or  in  association  with 
others  in  at  least  50  per  cent,  of  the  cases.  The  bucco-pharyngeal  origin 
of  the  pathogenic  organisms  was  shown  by  Pasteur,  Netter,  Thost  and 
Besser."^"  Darier'"  states  that  the  development  of  the  disease  is  favored 
by  diminution  of  the  body's  resistance  to  infection,  and  that  all  debili- 
tating influences  predispose  to  it.  Tyson"*  also  holds  that  "all  influ- 
ences depressing  to  life,  such  as  overwork,  fatigue,  the  air  of  badly  ven- 
tilated and  crowded  houses,  insufficient  food,  and  defects  of  hygiene" 
act  as  predisposing  causes. 

The  debilitated  condition  of  the  organism  at  large  being 
attended  by  a  corresponding  condition  of  the  adrenal  system, 
the  pulmonary  secretions  are  inadequately  supplied  with  auto- 
antitoxin  and  phagocytes,  and  the  bacteria  inhaled  are  free  to 
multiply.*  The  bronchial  fluids  soon  become,  therefore,  laden 
with  pathogenic  bacteria  and  what  toxins  some  of  them  may 
secrete.  They  excite,  therefore,  a  primary  bronchitis,  a  local 
inflammatory  process,  which  extends  from  the  bronchi  to  the 
bronchioles,  causing  bronchiolitis,  the  so-called  "capillary  bron- 
chitis." The  bronchioles  become  obstructed  through  the  in- 
flammatory thickening  of  their  walls  and  by  the  inspissated 
mucus  secreted,  and  the  alveoli  no  longer  receive  air.  Hence 
the  cyanosis,  which  corresponds  in  intensity  with  the  number 
of  alveoli  rendered  useless  by  the  morbid  process. 

Simultaneously  another  pathological  condition  is  devel- 
oped, i.e.,  involvement  of  the  parenchyma  of  the  lung  surround- 
ing each  inflamed  bronchiole.  As  the  corresponding  alveolus 
becomes  depleted  of  its  air,  it  collapses  (atelectasis)  and  is 
itself  soon  involved  in  the  inflammatory  process.  As  many 
inflamed  bronchioles  and  alveoli  are  merged  together  by  a  simi- 
lar process,  an  area  of  consolidation  is  finally  formed.  This 
does  not  mean,  however,  that  the  inflamed  structures  are  de- 
stroyed, for  after  death  they  are  usually  found  to  have  retained 
their  anatomical  conformation,  a;nd  may  be  inflated  by  means 
of  a  tube  inserted  into  a  bronchus.  But  every  evidence  of  a 
very  acute  inflammation  is  present,  capable,  if  not  arrested,  of 
finally  causing  obliteration  of  such  large  areas  of  air-cells  that 
life  becomes  impossible. 

•  Author's  conclusion. 

Samuel  W^est:   Brit.  Med.  Jour.,  May  28,  1898. 
112  Pasteur,    Netter,    Thost    and    Besser:   Cited    by    Darier:   Bebove  and 
Achard's  "Manuel  de  med.,"  T.  i,  1896. 
"3  Darier:  Ibid. 

1"  Tyson:    "Pract.  of  Medicine,"  third  edition,  p.  229,  1903. 
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Important  in  this  connection  is  the  fact  that  the  pulmon- 
ary lesions  are  partly  auto-protective,  in  the  sense  that  the 
inflammatory  process  has  for  its  purpose  the  destruction  of  the 
pathogenic  organisms  and  their  products,  and  the  repair  of 
destroyed  tissues.*  An  intense  hyperaemia  is  present,  the 
blood-vessels  being  distended  and  tortuous,  and  the  capillaries 
are  so  engorged  that  some  are  ruptured,  allowing  blood  to  ooze 
into  the  bronchi  and  stain  the  muco-purulent  substances 
expectorated. 

It  is  this  intense  hyperaemia  that  is  relieved  when  the  car- 
bon dioxide  accumulates  to  such  a  degree  in  the  blood,  that  the 
little  patient  is  brought  to  the  verge  of  death.*  If  the  con- 
solidated areas  are  so  numerous  that  the  oxygenation  becomes 
inadequate,  dissolution  follows,  but  if  a  sufficient  proportion  of 
the  inflamed  areas  are  still  in  a  condition  of  atelectasis,  the 
more  or  less  rapid  disgorgement  of  the  capillaries  of  the  bron- 
chioles opens  up  a  corresponding  number  of  alveoli.*  The 
additional  supply  of  oxygen  the  body  now  receives  serves  to 
tide  it  over  the  dangerous  period,  until  another  auto-protective 
factor  asserts  itself  and  brings  on  recovery,  viz.,  the  accumula- 
tion in  the  blood  of  toxic  wastes.*  Indeed,  gradually  as  the 
intake  of  oxygen  is  being  reduced,  catabolism  becomes  steadily 
more  imperfect  until  such  time  when  the  tissues,  owing  to  their 
superior  affinity  for  it,  utilize  all  the  gas  available.  Filled  with 
toxic  wastes,  the  blood  violently  stimulates  the  previously 
torpid  test-organ,  and  a  flood  of  auto-antitoxin  and  a  host  of 
phagocytes  invade  all  the  fluids  of  the  body,  including  the  blood 
of  the  diseased  area,  destroying  the  pathogenic  germs  and  their 
toxins,  and  the  patient  suddenly,  as  we  have  seen,  becomes  con- 
valescent.* 

Treatment. — All  the  cardinal  measures  that  have  stood  the 
test  of  time  in  the  treatment  of  this  disease  have  a  common 
physiological  action:  that  of  stimulating  the  adrenal  center.* 
Calomel,  one  of  the  most  active  agents  of  this  kind*  at  our 
disposal,  is  regarded  by  many  practitioners  as  the  most  efficient 
initial  remedy  when  given  early  and  in  sufficiently  large  doses 
to  produce  catharsis  after  a  few  doses  have  been  taken,  i.e.,  Vg 
to  V  6  grain  (0.008  to  0.01  gm.)  every  two  hours  with  sodium 

*  Author's  conclusion. 
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bicarbonate,  for  a  child  under  one  year  of  age.  It  enhances 
not  only  the  production  of  auto-antitoxin,  but  also  the  vulner- 
ability of  the  bacteria  to  the  phagocytes  by  increasing  the  pro- 
duction of  thyroidase,  i.e.,  opsonin.* 

Suggestive  in  this  connection  is  the  fact  that  diphtheria 
antitoxin  has  been  used  with  success,  from  1000  to  3000  units 
being  injected.    It  should  be  renewed  if  necessary. 

Edelheit  of  Vienna'^'*  used  calomel  with  success  in  broncho-pneu- 
monia, and  held  that  its  chief  property  was  to  promote  metabolic  proc- 
esses.   Marfan  gives  small  doses  every  hour. 

Antitoxin  was  first  tried  by  Montgomery  Paton,  of  Australia,  who 
considered  it  as  a  specific.  It  was  also  used  by  Joseph  O'Malley,  of 
Philadelphia,""  who  was  also  led  to  conclude  that  it  is  a  most  valu- 
able agent,  especially  in  secondary  broncho-pneumonias,  from  1000  to 
3000  units  being  used  in  the  cases  reported.  Uninterrupted  convales- 
cence followed. 

Potassium  or  sodium  iodide,  which  also  stimulates  the 
test-organ — and  through  it  the  adreno-thyroid  center* — is  also 
an  efficient  remedy.  It  may  be  given  to  children  in  1-  or  3- 
grain  (0.065  or  0.2  gm.)  doses  every  3  hours,  with  a  tablespoon- 
ful  or  more  of  water.  Iodoform  in  V2-grain  (0.03  gm.)  doses, 
has  also  given  excellent  results.  Its  action  is  similar  to  that 
of  the  iodides. 

Albert  Abrams,"'  as  a  result  of  observations  in  61  eases,  reached 
the  conclusion  that  the  most  important  features  of  the  treatment  of 
broncho-pneumonia  were  compressed  air  and  potassium  iodide.  Iodo- 
form, according  to  Gambardella,"^  causes  rapid  dissipation  of  the  pul- 
monary symptoms  and  fevers.  Its  unpleasant  odor  renders  it  obnoxious, 
however,  and  it  offers  no  advantage  over  the  iodides. 

Another  remedial  measure  which  has  been  highly  recom- 
mended is  the  cold  hath.  This  agent,  like  other  forms  of  cold, 
causes  an  accumulation  of  waste-products  in  the  vessels  of  the 
skin,  by  lowering  the  catalytic  activity  of  the  cellular  trypsin. 
It  brings  on,  therefore,  the  critical  period  which  ensues  when 
the  little  patient  approaches  dissolution,  which  ends  when  the 
waste-products  violently  stimulate  the  test-organ.*  It  is  espe- 
cially indicated  when  the  temperature  is  high,  and  contraindi- 
cated  only  in  asthenic  cases  and  when  the  cardiac  action  is 
defective.  Cold  pack  to  the  chest  is  likewise  ^beneficial  and  acts 
like  the  cold  bath,  but  with  less  intensity.* 

Le  Gendre"°  holds  that  the  temperature  of  the  first  bath  should 
be  82°  F.  (27.8°  C.)  and  last  from  5  to  10  minutes;  and  that  the  fol- 
*  Author's  conrhision. 

"^Edelheit:    Semaine  medical,  vol.  xv,  p.  472,  1895. 
1"  Joseph  O'Malley:    American  Medicine,  Jan.  17,  1903. 
"'Albert  Abrams:    Medical  News,  Sept.  24,  1898. 

Gambardella:    Semaine  medical,  vol.  xviii,  p.  .55,  1898. 
i"Le  Gendre:    Ibid.,  vol.  xvi,  p.  89,  1896. 
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lowing  baths  may  be  from  75°  to  65°  F.  (23.9°  to  18.4°  C),  but  never 
lower.  D'Espine  and  Picot  contend  that  the  lirst  bath  should  be  at  90° 
to  95°  F.  (32.2°  to  35°  C),  and  subsequent  ones  86°  F.  (30°  C). 
Hutinel  states  that  the  most  striking  effects  of  the  cold  baths  are  an 
increased  excretion  of  urine,  saliva  and  digestive  fluids — precisely  the 
results  to  be  expected  by  an  increase  of  metabolic  activity  such  as  that 
which  follows  stimulation  of  the  adrenal  center. 

Zangger""  reported  10  cases  of  broncho-pneumonia  in  children 
three  months  to  eleven  years  of  age,  in  which  defervescence  was  real- 
ized in  one  to  four  days.  The  author  ascribes  this  favorable  result  to 
his  method  of  giving  the  little  patients  from  one  to  seven  "half  baths" 
of  four  to  seven  minutes  each,  the  water  at  a  temperature  of  from  30° 
to  28°  C.  (80°  to  82.4°  F.),  gradually  reduced  to  26°  or  24°  C. 
(78.8°  or  75.2°  F. ).  The  room  must  be  moderately  warm,  and  the 
child  be  placed  in  a  bath-tub  with  only  enough  water  in  it  to  cover  the 
body,  leaving  the  breast  almost  uncovered  with  water.  The  child  is 
rubbed  during  the  bath,  and  after  two  minutes  cool  water  is  added  to 
bring  the  water  down  to  the  desired  temperature.  The  little  patient  is 
then  rubbed  dry  with  warm  towels  and  put  back  to  bed.  These  half 
baths  are  given  night  and  morning;  a  little  milk  is  given  to  the  child 
before  and  after  the  bath.  The  diet  should  be  milk,  diluted  or  not,  and 
cold  spring  water  should  be  sipped  frequently.  The  author's  experi- 
ence has  been  that  these  baths  twice  a  day  raise  the  blood-pressure, 
strengthen  the  heart,  promote  expectoration  and  soothe  the  nervous 
irritability,  etc.,  much  better  than  any  other  measure. 

The  wet  compress  system  of  Prof.  Lemoine,  of  Lille,  is  easily  car-, 
ried  out,  and  insures  almost  uniform  success.^^  The  child  is  stripped 
to  the  waist,  and  a  piece  of  gauze  (tarlatan)  folded  in  six  or  eight 
doubles,  and  so  cut  that  it  reaches  from  the  clavicles  to  the  umbilicus 
in  front  and  to  the  sacrum  behind,  and  wide  enough  to  overlap  in  front, 
is  steeped  in  hot  water,  so  as  to  remove  as  much  of  the  starch  as  pos- 
sible, and  when  properly  wrung  out  it  is  plunged  again  into  cold  water 
( the  temperature  of  the  room ) .  The  gauze  is  then  squeezed  as  much 
as  possible,  and  applied  around  the  thorax  and  the  upper  portion  of  the 
abdomen;  a  piece  of  oil-silk  of  the  same  size  is  placed  over  this  so  as 
to  prevent  evaporation.  The  child  is  then  dressed  and  put  to  bed.  At 
the  end  of  half  an  hour  the  application  is  renewed,  and  so  on  as  long 
as  the  symptoms  (temperature  over  100°  F.  [37.8°  C],  with  vesperal 
exacerbation,  agitation,  quick-breathing,  etc.)  require  it.  There  exists 
no  contraindication  to  these  wet  compresses. 

Holt'--  recommends  the  cold  bath  followed  by  friction  for  infants 
M-hen  the  temperature  reaches  105°  F.  (40.5°  C),  and  the  cold  pack  for 
older  children. 

Measures  which  induce  congestion  of  the  skin  and  thereby 
deplete  somewhat  the  pulmonary  congestion  are  preferred  by 
some  clinicians.  ■  The  mustard-paste  poultice  is  probably  the 
most  efficient  of  these  external  applications.  They  tend  also 
to  enhance  the  antitoxic  activity  of  the  blood  by  increasing  its 
temperature,  ttnd  therefore  the  activity  of  its  auto-antitoxin.* 
The  mustard-Unseed  poultice  is  also  regarded  as  efficacious. 

*  Author's  conclusion. 

12"  Zangger:    Correspondenzblatt  f.  schweizer  Aerzte,  Bd.  xxxv,  S.  7,  1905. 

Lemoine:    Cited  by  Albert:    These  de  Paris,  1896. 
122  Holt:    Medical  News,  Dec.  1,  1900. 
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Winters^  states  that  when  there  is  filling  up  of  the  bronchial 
tubes  and  numerous  moist  rales,  there  is  nothing  more  valuable  than 
the  mustard  paste  composed  of  1  part  of  mustard  to  4  of  flour  applied 
over  the  chest  several  times  a  day.  Sheffield'^  recommends  the  following 
poultice:  "5  parts  each  of  flaxseed-meal  and  camphorated  oil;  1  to  2 
parts  of  mustard  and  a  sufficient  quantity  of  boiling  water  to  make  a 
thick  paste  by  thorough  stirring.  This  mass  is  spread  on  thin  gauze 
or  paper  (two  layers)  and  applied  snugly  to  the  chest  and  back.  The 
child  is  then  wrapped  in  an  oiled-silk  jacket,  lined  with  absorbent  cot- 
ton, and  in  a  blanket,  which,  with  the  hyperpyrexia  of  the  body,  main- 
tains the  heat  of  the  poultices;  so  that  it  requires  renewal  but  three 
or  four  times  in  twenty-four  hours." 

The  obstructioii  of  the  bronchioles  (which  admit  the  air 
into  the  alveoli)  being  due  to  intense  congestion  of  their  walls, 
a  remedy  capable  of  reducing  the  quantity  of  blood  supplied  to 
them,  by  causing  constriction  of  the  local  arterioles,  is  indi- 
cated.* Belladonna  is  especially  active  in  this  particular,  and 
is  very  beneficial  when  given  in  sufficiently  large  doses.  Opium, 
given  in  the  form  of  Dover's  powder,  acts  much  in  the  same 
way,*  is  especially  effective  when  the  cough  is  severe,  but  it 
tends  to  cause  constipation,  and  should  be  avoided  if  possible. 

Coutts''^  in  a  series  of  60  cases  only  lost  2  by  giving  % -grain 
(0.016  gin.)  doses  of  the  extract  of  belladonna  (B.  P.)  every  three  or 
four  hours.  Flushing  and  a  definite  scarlet  rash  may  appear,  but 
after  a  few  doses  the  dyspnoea  ceased  and  the  temperature  fell  to  nor- 
mal. D.  A.  Hodghead,  of  San  Francisco,""  also  obtained  excellent  re- 
sults in  25  cases.  He  first  gives  calomel,  ^/i„  grain  (0.0065  gm. )  every 
hour,  until  a  free  movement  is  obtained,  and  between  these  doses,  also 
every  hour,  2  drops  of  the  tincture  of  belladonna.  As  improvement 
begins  the  belladonna  is  reduced  to  1-drop  doses  hourly.  Th'^  mortality 
was  5  per  cent.  He  states  that  like  results  were  obtained  in  three 
London  hospitals,  whereas  by  the  older  methods  the  mortality  was  60 
to  80  per  cent. 

The  congestion  of  the  bronchioles  may  also  be  reduced  by 
agents  which  depress  the  functional  activity  of  the  vasomotor 
center,  the  general  relaxation  causing  the  blood  to  recede  from 
the  pulmonary  and  other  capillaries.*  The  most  active  agent 
of  this  kind  is  nitroglycerin,  of  which  '^/^^o  grain  (0.00013  gm.) 
may  be  given  every  hour  to  a  child  one  year  old;  and  it  is 
especially  valuable  when  the  heart  is  oppressed  and  failing. 
Sweet  spirit  of  niter  is  a  milder  agent  of  this  kind.  Alcohol 
produces  the  same  result,  but  in  another  way,  viz.,  by  becoming 


*  Author  s  conclusion. 

Winters:    Medical  Record,  June  26,  1897. 
'2*  Sheffield:    Graetzer  and  Sheffield's  "Pract.  Ped.,"  p.  259,  1905. 

Coutts:    Brit.  Med.  Jour.,  Jan.  28,  1899. 
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itself  oxidized,  thus  depriving  the  blood  of  some  of  its  oxygen 
and  reducing  it  in  proportion  to  its  efficiency  as  an  antitoxic 
agent.* 

When  any  of  these  remedies  are  used,  oxygen  inhalations 
should  be  administered  simultaneously,  to  enrich,  as  much  as 
possible,  the  air  inhaled  while  the  bronchioles  are  patent. 

In  asthenic  cases,  strychnine,  ^/^oo  grain  (0.0002  gm.), 
or  caffeine,  ^/jo  grain  (0.003  gm.)  is  sometimes  useful,  but  as 
they  both  stimulate  the  vasomotor  center*  they  should  be 
avoided  in  sthenic  cases,  i.e.,  those  in  which  the  temperature 
remains  high. 

Some  authors  speak  well  of  digitalin,  strophanthus  and  other  cardiac 
stimulants,  but  their  use  is  indicated  only  in  asthenic  cases.  The  heart 
fails  in  sthenic  cases  because  the  resistance  of  the  blood-column  is  too 
great  for  it,  and  in  the  rest  because  its  walls  are  not  receiving  enough 
blood,  owing  to  excessive  vasomotor  constriction  of  its  eoronaries.  Car- 
diac stimulants  whip  up  the  organ  to  drive  it  more  rapidly  to  its  doom. 
In  weaklings,  however,  these  agents  are  valuable. 

The  high  fever  which  attends  practically  all  cases,  causes 
the  alkaline  salts  of  the  blood  to  be  utilized  with  unusual 
rapidity,  especially  sodium  chloride,  which  is  constantly  being 
voided  with  the  excretions  and  secretions,  the  urine,  the  sweat, 
saliva,  and  tears.*  The  blood  loses  its  bactericidal  and  anti- 
toxin activity  gradually  as  its  alkalinity  is  being  reduced,  and 
acidosis  is  becoming  more  manifest.  Osmosis,  which  should 
be  normal  to  insure  the  freedom  of  all  secretory  functions — 
particularly  in  pulmonary  disorders,  of  the  glandular  elements 
of  the  bronchi — ^becomes  markedly  impaired,  and  the  time  finally 
comes  when  practically  all  the  fluids  of  the  body  can  no  longer 
fulfill  their  functions.* 

The  aim  should  be,  therefore,  to  keep  the  organism  sup- 
plied with  alkaline  salts.  In  children  old  enough  to  expectorate, 
and  adults,  the  first  evidence  that  these  salts  are  beginning  to 
fail  is  the  viscidity  of  the  sputa,  soon  followed  by  great  diffi- 
culty in  "raising"  them,  and  a  marked  increase  of  cough. 
Ammonium  chloride  or  carbonate,  by  increasing  the  alkalinity 
of  the  blood,  corrects  these  morbid  phenomena.  Large  doses 
are  not  necessary  and  tend  to  disturb  the  stomach :  ^/^  grain 
(0.016  gm.)  in  a  child  under  1  year  of  age;       grain  (0.03  gm.) 

*  Author's  conclusion. 
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for  one  from  2  to  3  years  old,  and  from  1  to  3  grains  (0.065  to 
0.2  gm.)  for  older  subjects,  every  two  hours,  suffice.  It  should 
always  be  given  with  as  much  water  as  the  patient  will  take. 
Liquor  ammonii  acetatis  is  another  valuable  agent,  given  in 
doses  varying  from  5  to  30  drops — also  in  considerable  water — 
according  to  age. 

The  onset  of  collapse  is  not  only  advanced,  but  may  be 
actually  caused  by  the  absence  of  sodium  chloride  in,  or  low- 
ered alkalinity  of,  the  blood,  or  both  of  these  conditions. 
Hi/podermoclysis  promptly  restores  the  patient — even  when  he 
is  approaching  the  moribund  state,  in  some  cases.  In  the 
infant,  4  to  6  ounces  (120  to  180  gms.)  of  normal  saline  solu- 
tion may  be  injected  slowly  under  the  scapula,  and  renewed 
if  necessary.  Hypodermic  injections  of  aromatic  spirits  of 
ammonia,  2  drachms  (8  gms.),  being  injected  into  the  arm, 
repeated  as  needed,  have  also  been  found  useful. 

Still  better  than  all  these  measures  is  to  avoid  the  need 
of  them  by  using  alkaline  beverages  from  the  start,  thus  keep- 
ing the  blood  supplied  with  its  normal  salts.*  The  measures 
indicated  on  page  1367  may  be  utilized,  reducing  quantities 
according  to  age.  Saline  enemata,  i.e.,  rectal  injections  of  warm 
saline  solution,  are  also  of  very  great  value,  especially  in  young 
children. 

I  cannot  sufficiently  emphasize  the  importance  of  not 
waiting  until  the  disease  is  far  advanced,  to  resort  to  the  use 
of  alkaline  beverages.  Their  use  should  begin  when  the  patient 
is  first  seen.  Quite  as  important  is  to  supply  the  patient  with 
fresh  air,  i.e.,  air  not  partially  deprived  of  any  of  its  oxygen, 
and  with  all  the  water  he  wants  to  drink. 

The  use  of  normal  saline  solution  in  this  disease  has  been  found 
very  advantageous  by  J.  Madison  Taylor'-''  when  used  as  ordinary  bev- 
erage. Lemaire'-^  used  hypodermoelysis  in  11  cases  of  infantile  broncho- 
pneumonia, 6  ounces  (180  gm.)  being  injected  under  the  skin  of  the 
abdomen  or  thigh  in  children  3  years  old  and  over.  Under  that  age 
the  injections  were  2  ounces  (60  gm.)  three  times  a  day.  All  the  cases 
recovered.  Injections  of  the  aromatic  spirits  of  ammonia  were  found 
very  effective,  though  somewhat  painful,  by  H.  Morell.'-"  He  states  that 
the"  action  of  the  remedy  is  noticed  almost  immediately,  the  face  losing 
its  livid  color  and  becoming  flushed. 


*  Author's  ronchifiion. 

127  J.  Madison  Taylor:  Medical  Record,  Jan.  13,  1906. 
i28Lemaire:   Lor.  rit. 

i2»H.  Morell:    N.  Y.  Med.  Jour.,  Sept.  7,  1895. 


CHAPTER  XXIX. 


THE  INTEEXAL  SECEETIONS  IN  THEIR  RELATIONS 
TO  PATHOGENESIS  AND  THERA- 
PEUTICS (Continued). 

THE  ADRENAL  SYSTEM  IN  THE  CATARRHAL  AND  NERVOUS 
DISORDERS  OF  THE  RESPIRATORY  TRACT. 

The  four  diseases  studied  in  the  present  chapter  are 
intended  to  exemplify  the  manner  in  which  the  adrenal  system 
reacts  when  exogenous  or  endogenous  irritants  assail  the 
mucosa  of  the  respiratory  tract.  Under  Acute  Bronchitis  I  sub- 
mit the  manner  in  which  the  tracheo-bronchial  mucous  mem- 
brane becomes  the  seat  of  an  acute  inflammatory  process 
through  the  operation  of  a  factor  whose  pathogenic  influence 
has  been  abundantly  confirmed  but  not  explained.  Bronchial 
asthma  illustrates  a  complication  which  endows  the  disease 
with  its  autonomy  as  a  morbid  process,  namely,  hypersensitive- 
ness  of  the  vagal  center  in  the  pituitary  body — and  the  man- 
ner in  which  stricto-dilation  (the  mode  of  action  of  all  motor- 
nerves)  provokes  muscular  contraction — the  minute  bronchial 
muscles,  in  this  instance.  A  kindred  disorder,  hay-fever, 
serves  to  indicate  how  the  same  process  operates  in  the  nasal 
mucosa,  where  the  stricto-dilators  regulate  the  flow  of  blood 
into  sinuses,  which  thus  become  engorged  with  blood,  causing 
the  copious  secretion,  marked  obstruction,  etc.,  observed  in  this 
disease.  This  process  prevails  as  well  in  acute  coryza  and  in 
other  disorders  of  the  upper  respiratory  tract,  which,  cannot  be 
treated  in  full  in  this  volume.  The  fourth  disease  analyzed, 
pertussis,  exemplifies  the  manner  in  which  cough  is  elicited  by 
irritation:  a  reflex  excitation  of  the  vagal  center  (or  tri- 
geminal center,  if  the  nasal  field  is  involved),  the  violence  of 
which  is  such  in  this  disease  as  practically  to  exhaust  the  lungs 
of  air,  thus  necessitating  sudden  and  violent  inspiration,  the 
characteristic  "whoop." 

(1691) 
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ACUTE  BRONCHITIS. 

Synonyms. — Tracheobronchitis;  Acute  Tracheobronchitis ; 
Acute  Bronchial  Catarrh. 

Definition, — Acute  bronchitis,  an  acute  catarrhal  inflamma- 
tion of  the  tracheo-bronchial  mucosa,  is  the  expression  of  a 
local  protective  process  characterized  by  an  increase  of  auto- 
antitoxin  and  phagocytes  in  the  secretions,  having  for  its  pur- 
pose the  removal  or  destruction  of  irritants  carried  to  the 
mucosa  either  by  the  air  (dust,  vapors,  etc.),  or  through  the 
blood  (toxic  wastes,  antitoxins,  toxins,  etc.).* 

Symptoms  and  Pathology. — Three  types  of  acute  bronchitis 
may  be  distinguished.  The  first  of  these  is  the  afebrile  form, 
starting,  as  a  rule,  with  an  acute  coryza,  soon  followed  by  a 
feeling  of  oppression  behind  the  upper  part  of  the  sternum, 
more  or  less  headache,  languor,  and  sometimes  muscular  pains. 
The  expectoration  is  at  first  viscid,  then  opaque  and  purulent. 
There  is  usually  some  hoarseness  and  in  some  cases  aphonia. 
In  normal  adults  this  form  is  quite  benign,  but  in  children  it 
may  lead  to  broncho-pneumonia.  In  aged  or  debilitated  sub- 
jects (especially  if  scoliotic)  the  congestion  of  the  bronchial 
mucosa  and  the  imperfect  elimination  of  the  pulmonary  secre- 
tions may  sufficiently  embarrass  the  smaller  bronchi  to  cause 
asphyxia. 

The  second  is  the  febrile  form,  in  which  the  phenomena 
are  all  much  more  marked,  being  those  of  a  true  infection,  viz., 
severe  headache  and  malaise,  repeated  chills  followed  by  fever, 
which  may  reach  104°  F.  (40°  C.)  in  the  afternoon  or  even- 
ing. Then  follow  the  thoracic  symptoms :  dyspnoea  and  tight- 
ness about  the  chest,  retrosternal  rawness  and  pain  traceable 
upward  along  the  trachea  to  the  larynx.  Here  a  sensation  of 
pricking  or  tickling  provokes  paroxysms  of  severe,  dry  cough, 
attended  with  little  or  no  expectoration,  and  very  distressing 
on  that  account.  Soon,  however,  the  sputa  are  brought  up  with 
more  ease,  and  finally  in  abundance,  being  at  first  viscid,  then 
muco-purulent,  and  finally  purulent.  The  tongue  is  coated  and 
there  is  usually  anorexia  or  dyspepsia.  Such  an  attack,  left 
to  itself,  usually  lasts  from  ten  days  to  two  weeks. 

*  Author's  definition. 
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The  third,  or  secondary  form,  as  its  name  implies,  occurs 
as  a  complication  of  other  diseases,  measles,  typhoid  fever, 
variola,  influenza,  erysipelas,  scarlatina,  diphtheria,  etc.  It 
differs  in  no  way  from  the  second  or  febrile  form  as  to  its 
symptomatology,  the  various  phenomena  enumerated  being 
merged  in  with  those  of  the  primary  disease. 

The  physical  signs  in  all  three  forms  vary  with  the  inten- 
sity of  the  morbid  process.  In  the  afebrile  form  but  slight, 
if  any,  change  from  the  normal  is  discernible  unless  the  case 
be  somewhat  severe  and  approximate  the  febrile  form.  In  the 
latter,  the  dyspnoea  is  attended  by  a  compensative  increase  of 
respiratory  movements,  and  bronchial  fremitus.  On  ausculta- 
tion, the  respiratory  sounds  are  exaggerated  and  differ  accord- 
ing to  the  caliber  of  the  bronchi  from  which  it  originates,  the 
larger  bronchi  producing  a  grave  note  resembling  snoring,  the 
smaller,  a  sharp  whistling  or  sibilant  note,  both  during  respira- 
tion and  expiration.  As  the  secretion  increases,  the  rales  be- 
come moist,  as  when  air  is  blown  through  water.  These 
sounds  are  best  heard  posteriorly  all  over  the  chest  and  on  both 
sides.  In  secondary  acute  bronchitis,  the  moist  or  subcrepitant 
rales  begin  at  the  base  of  the  lungs,  where  dullness  on  percus- 
sion is  noticeable,  especially  in  certain  areas. 

The  predominating  pathological  feature  is  hyperaemia  of 
the  capillaries  of  the  bronchial  tubes.  In  severe  cases  this  may 
be  sufficiently  marked  to  cause  tumefication  and  infiltration  of 
the  bronchial  mucosa,  i.e.,  a  true  oedema  capable  of  materially 
reducing  the  caliber  of  the  smaller  bronchi,  and  even  of  causing 
asphyxia. 

This  is  only  partly  due,  as  shown  below,  to  a  local  inflammatory 
process  caused  by  a  vicarious  elimination  of  pathogenic  elements.  The 
local  hypersemia  coincides  with  the  dry  cough,  but  this  is  soon  succeeded 
by  increased  activity  of  the  mucous  glands  and  the  abundant  secretion 
produced  soon  gives  rise  to  a  free  expectoration.  An  abundant  local 
leucocytosis  occurring  simultaneously  to  rid  the  respiratory  tract  of 
any  detritus,  the  sputa  acquire  their  muco-purulent  character.  This 
stage  usually  terminates  a  mild  case.  In  the  more  severe  cases  des- 
quamation of  the  ciliated  epithelium  takes  place,  followed  by  lesions  of 
the  deeper  structures.  In  the  bronchitis  of  certain  infections,  diphtheria, 
typhoid,  etc.,  the  hyperaemia  may  be  followed  by  the  local  formation  of 
a  false  membrane  which,  according  to  Cornil  and  Ranvier,  is  replete 
with  micrococci. 

Etiology  and  Pathogenesis. — The  exogenous  causes  of  acute 
bronchitis  are  those  which,  such  as  dust  or  irritating  vapors, 


1694    INTERNAL  SECRETIONS  IN  PATHOGENESIS  AND  TREATMENT. 

reach  the  bronchial  tubes  and  their  ramifications  with  the  air 
inhaled,  and  are  capable  of  irritating  mechanically  or  chemic- 
ally their  mucous  membrane.  This  form  is  observed  mainly 
among  individuals  who  are  exposed  to  such  irritation  in  the 
course  of  their  occupation,  millers,  knife  grinders,  etc. 

The  majority  of  cases  met  with,  however,  are  due  to  endo- 
genous causes,  i.e.,  the  vicarious  elimination  by  way  of  the 
lungs,  of  poisons  formed  in  the  body  as  a  result  of  some  morbid 
process.*  Thus,  exposure  to  cold  and  damp  is  a  most  prolific 
source  of  bronchitis.  The  warm — and  perhaps  perspiring — 
skin  is  exposed  to  conditions,  a  draught  for  instance,  which  sud- 
denly reduce  its  temperature.  Tissue  catabolism  requiring  a 
certain  temperature  (without  which  the  trypsin,  the  ferment 
Upon  which  the  process  depends,  will  fail  to  act),  it  is  mate- 
rially impeded  as  long  as  the  exposure  lasts,  and  quantities  of 
toxic  products  of  imperfect  metabolism  are  formed.*  Being 
gradually  transferred  by  the  lymphatic  circulation  to  the 
blood-stream,  these  toxic  wastes  soon  reach  all  parts  of  the 
body  and  are  gradually  eliminated  by  the  urine,  sweat  and 
mucous  membranes.  The  mucosa  of  the  upper  respiratory  tract 
taking  part  in  this  process  and  being  readily  irritated  by  the 
special  poisons  (as  it  is  by  iodine  and  other  substances),  it 
becomes  inflamed,  its  most  sensitive  portion,  that  lining  the 
nasal  cavities,  being  affected  first.*  The  bronchitis  so  frequently 
observed  among  gouty  subjects,  and  the  secondary  bronchitis 
that  complicates  so  many  infectious  diseases,  and  also  malaria, 
Bright's  disease,  etc.,  are  all  due  to  the  same  cause,  i.e.,  auto- 
protective  elimination  of  the  poisons  through  the  bronchial 
mucosa  and  the  local  irritation  engendered  thereby.* 

The  local  phenomena  incident  to  the  auto-protective  process 
are  not  those,  however,  that  give  rise  to  the  untoward  or  dan- 
gerous features  of  the  disease.*  These  are  due  to  swelling  and 
oedema  of  the  mucosa,  the  causes  of  which  vary  according  as 
to  whether  the  bronchitis  be  of  exogenous  or  endogenous  origin.* 
In  the  former  case,  these  phenomena  are  produced  directly  by 
the  irritant.  In  endogenous  bronchitis,  they  are  partly  due  to 
this  process,  the  irritants  being  the  poisons  derived  from  the 
blood,  that  are  being  vicariously  eliminated  through  the  bron- 

*  Author's  conclusion. 
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chial  mucous  membrane.  The  principal  cause  of  the  local  le- 
sions, however,  is  a  constriction  of  all  the  vessels  of  the  body, 
which  occurs  as  an  incidental  feature  of  the  primary  causative 
toxaemia — toxic  wastes,  disease  toxins,  etc.  The  blood-mass 
being  thus  forced  into  the  capillary  system,  the  capillaries  of 
the  bronchi  are  themselves  engorged — sufficiently  so  in  severe 
cases  to  provoke  marked  swelling  of  the  bronchial  mucosa. 

The  exogenous  form — rarely  met  with — is  well  illustrated  by  six 
cases  reported  by  J.  N.  Hall,^  in  which  the  causes  were  the  inhalation 
respectively  of  chlorine  gas,  sulphurous-acid  gas,  formaldehyde,  kerosene 
smoke  and  smoke  containing  undetermined  irritants,  and  one  by  Thomas,^ 
due  to  the  inhalation  of  lime  dust.  To  the  same  class  would  belong  the 
"bacillary  bronchitis"  ascribed  to  the  streptococcus  by  Forchheimer,' 
Patton*  and  others,  and  to  the  diplococcus  pneumoniae  by  Ritchie,^  P.  W. 
Williams'*  and  other  observers.  Pharyngeal  erysipelas  and  diphtheria 
may  thus  prove  a  source  of  acute  bronchitis  by  extending  downward. 
That  under  such  conditions  infiltration  amounting  to  obstructive  oedema 
may  occur,  is  shown  by  the  familiar  lesions  produced  in  the  upper  re- 
spiratory tract,  the  larynx,  for  instance,  under  similar  circumstances. 
In  infants  it  is  especially  apt  to  occur  owing  to  the  laxity  of  the  cellu- 
lar tissue. 

The  well-known  fact  that  cases  of  gout  and  Bright's  disease  are 
liable  to  acute  bronchitis  and  that  it  may  appear  in  such  subjects 
without  exposure  to  cold,  points  to  the  endogenous  cause  of  the  disease 
in  healthy  subjects  after  such  exposure,  since  both  gout  and  Bright's 
disease  are  attended  by  an  accumulation  of  toxic  products  of  imperfect 
catabolism.  Many  bacterial  infections  act  the  same  way;  thus  the  sec- 
ondary bronchitis  of  variola  is  accompanied  by  the  specific  pustular  in- 
flammation of  the  bronchial  mucosa — a  counterpart  of  the  cutaneous 
inflammatory  lesions  due  to  elimination  of  the  specific  toxic  elements  of 
the  disease.  In  some  exanthems,  scarlatina  and  measles  for  instance, 
the  conjunctival,  nasal,  pharyngeal  and  bronchial  'mucosae  may  even 
precede  the  cutaneous  eruption.  Lancereaux''  contends,  in  fact,  that 
'"few  morbid  agents  leave  the  respiratory  tract  absolutely  intact."  As 
is  well  known,  iodine,  when  given  but  slightly  in  excess  of  the  quantity 
utilized  by  the  body,  causes  "iodism,"  including  cough  in  some  cases, 
through  a  process  similar  in  every  respect  to  that  which  prevails  in 
any  form  of  endogenous  bronchitis.  In  all  these  causative  conditions 
the  general  blood-pressure  is  raised.  In  the  febrile  infections  it  is  high 
owing  to  the  fever  itself,  as  shown  by  the  flushed  face,  the  excessive 
warmth  of  the  skin,  etc.;  gout,  Bright's  disease  and  malaria,  for  exam- 
ple, are  also  attended,  as  is  well  known,  by  periodical  elevations  of  the 
blood-pressure. 

Treatment.  —  The  two  main  indications  in  view  of  the 
pathogenesis  of  the  disease  are:  (1)  to  counteract  the  general 
vasoconstriction  and  relieve  the  engorgement  of  the  bronchial 


1  J.  N.  Hall:    Phila.  Med.  Jour.,  Dec.  20,  1902. 

2  Thomas:    Atlanta  Med.  &  Surg.  Jour.,  Dec,  1888. 
^  Forchheimer:    Med.  News,  June  1,  1901. 

*  Fatten:    N.  Y.  Med.  Jour.,  Mar.  28,  1903. 

^  Ritchie:    Jour.  Path,  and  Bact.,  vol.  vii,  p.  1,  1901. 

0  P.  W.  Williams:    Bristol  Med.-Chir.  Jour.,  June,  1902. 

'  Lancereaux:    Gaz.  des  hopitaux,  vol.  Ixviii,  p.  1061,  1895. 
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capillaries;*  (2)  to  promote  elimination  through  normal  chan- 
nels, the  kidneys,  intestines  and  skin,  of  the  toxic  substances, 
which,  by  being  vicariously  eliminated  by  way  of  the  lungs, 
provoke  the  bronchial  hypersemia. 

Both  these  indications  are  materially  facilitated  if  the 
patient  can  be  kept  in  bed.  The  formation  of  wastes  which 
attends  physical  exertion  is  thereby  limited  to  its  lowest  de- 
gree, and  what  catabolic  and  oxidizing  energy  the  blood  can 
spare  over  and  above  that  required  for  tissue  metabolism,  is 
entirely  utilized  for  the  destruction  of  the  pathogenic  ele- 
ments. Even  the  vascular  tension  is  favorably  influenced,  since 
the  waste-products  developed  during  muscular  activity  tend  to 
raise  the  blood-pressure.  The  warmth  of  the  bed  also  exer- 
cises a  favorable  influence  by  causing  blood  to  circulate  more 
freely  in  the  skin,  and  by  facilitating  diaphoresis. 

In  the  average  case,  remedies  which  lower  directly  the 
blood-pressure  may  be  advantageously  employed,  especially 
in  view  of  the  fact  that  they  tend  to  relieve  simultaneously 
the  harassing  dry  cough,  and  to  reduce  greatly  the  character 
of  cedematous  infiltration  of  the  bronchial  mucosa.  The  sodium 
bromide,  15  grains  (1  gm.)  and  chloral  hydrate,  10  grains  (0.6 
gm.),  given  Jointly  every  three  hours  in  a  solution  contain- 
ing merely  simple  syrup  or  syrup  of  lemons  (but  no  expec- 
torant) soon  procure  these  results  and  afford  the  patient  con- 
siderable relief,  by  depressing  the  sensitiveness  of  the  general 
vasomotor  center.* 

Some  of  my  own  eases  were  relieved  after  a  couple  of  doses  of  this 
mixture,  though  the  dyspnoea  was  already  troublesome.  Its  use  must 
be  avoided  in  debilitated  subjects,  however,  since  their  auto-proteetive 
functions  would  be  further  weakened.  Persons  otherwise  in  normal 
health  are  not  materially  influenced  in  this  direction,  and  the  patho- 
genic poisons  in  the  body-fluids  are  gradually  catabolized  and  eliminated 
by  the  normal  paths. 

When  these  agents  cannot  be  employed,  veratrum  viride, 
10  minims  of  the  tincture  (0.6  gm.,  1905  XJ.  S.  P.)  every  hour, 
three  times,  then  every  two  hours,  may  be  given  instead. 
Although  its  physiological  effect  is  almost  similar,  it  tends  to 
cause  general  depression  in  some  eases,  and  does  not  always 
moderate  the  cough.  When  there  is  oppression,  an  indication 

*  Author's  conclusion. 
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that  oxygenation  is  being  hampered  in  the  smaller  bronchi,  it 
replaces  advantageously  the  chloral  hydrate.  Aconite,  in  drop 
doses  (1905  U.  S.  P.)  every  hour,  is  preferred  by  some  authors. 

Stimulation,  the  use  of  balsams  and  expectorants,  do  more  harm 
at  this  stage  than  good.  A  reliable  preparation  of  veratrum  viride,  for 
instance,  should  be  prescribed,  as  the  tinctures  obtained  in  the  shops 
cannot  always  be  depended  upon. 

When,  as  is  usually  the  case,  the  patient  cannot  be  prevailed 
upon  to  remain  at  home,  the  same  results  may  be  obtained  by 
remedies  which  counteract  the  bronchial  hyperaemia,  by  causing, 
through  their  stimulating  action  on  the  sympathetic  center, 
constriction  of  all  arterioles.*  In  this  manner,  the  blood  cannot 
reach  the  capillaries  freely,  and  their  engorgement  is  pre- 
vented.* Opiates  are  the  most  reliable  agents  of  this  kind. 
Dover's  poivder,  10  grains  (0.6  gm.)  taken  at  bedtime  with  a 
large  tumberful  of  water,  is  especially  advantageous,  since  its 
ipecacuanha  counteracts  the  evil  effects  of  the  opium  by  pro- 
moting diaphoresis  and  hepatic  activity — the  main  antitoxic 
resource  of  the  organism.  During  the  succeeding  day,  Dover^s 
powder  should  not  be  used,  however,  since  the  diaphoresis  pro- 
duced exposes  the  patient  to  the  effects  of  cold.  The  beneficial 
action  on  the  lungs  may  be  sustained,  however,  with  heroin, 
Vg  grain  (0.008  gm.)  every  three  hours,  and  the  Dover's  powder 
resumed  the  second  night,  the  dose  being  reduced,  however,  to 
5  grains  (0.3  gm.).  Codeine,  in  doses  of  V4  to  Vo  grain  (0.016 
to  0.03  gm.),  is  preferred  by  some  physicians.  If  constipation 
occurs  (in  adults)  a  full  dose  of  citrate  of  magnesia  is  indi- 
cated to  enhance  the  elimination  of  the  pathogenic  toxics  by  the 
intestinal  canal. 

In  the  acute  bronchitis  of  infancy  and  childhood,  opiates 
do  not  act  as  satisfactorily.  Calomel,  Vg  grain  (0.01  gm.), 
rubbed  up  with  sugar  and  milk  and  given  every  two  or  three 
hours,  produces,  after  a  few  doses  have  been  taken,  a  copious 
evacuation  of  the  bowels  and  disappearance  of  the  morbid  symp 
toms,  including  fever,  if  the  case  belong  to  the  febrile  form 
Active  stimulation  of  the  adrenal  center  and  a  rapid  increase 
of  the  auto-antitoxin,  is  obviously  the  effect  produced  under 
these  conditions.* 


*  Author's  conclusion. 
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In  some  cases,  the  dyspnoea  is  sufficiently  marked  to  demand 

more  active  measures  to  lower  the  blood-pressure.*    A  few 

whiffs  of  iodide  of  ethyl,  inhaled  from  a  handkerchief  upon 

which  10  drops  of  this  remedy  have  been  poured,  relieve  the 

distressing  symptom  in  a  few  minutes.    Nitrite  of  sodium,  1 

grain  (0.065  gm.),  in  a  little  water,  produces  a  similar  but  more 

lasting  effect.    Inhalations  of  oxygen  are  of  great  value  when  a 

tendency  to  cyanosis  occurs. 

The  importance  of  this  symptom  was  emphasized  by  B.  W.  Rich- 
ardson,' Bruce"  and  others.  It  comes  on  late  in  the  course  of  the  dis- 
ease, and  is  complicated  by  the  accumulation  of  fluids  in  the  smaller 
bronchi.  Many  cases  of  acute  bronchitis  in  which  '"shortness  of  breath" 
is  complained  of,  are  nearer  asphyxia  than  they  are  thought  to  be  by 
their  physicians.  Nitrite  of  sodium  and  nitroglycerin  have  been  recom- 
mended by  Frazer,'"  and  iodide  of  ethyl  by  Main'^  and  others.  Oxygen 
is  spoken  of  as  a  life-saving  measure  by  Sinainski,'-  Langston,"  Leech" 
and  many  other  observers. 

An  important  feature  of  the  treatment  of  febrile  bronchitis 
is  the  ingestion  of  alkaline  fluids  to  facilitate  the  elimination 
of  toxic  wastes  by  the  kidneys,  and  antagonize  acidosis,  as  indi- 
cated on  page  1367.  When  the  acute  stage  recedes,  the  elimi- 
nation of  the  bronchial  detritus  must  also  be  facilitated  by 
remedies  which  increase  the  alkalinity  of  the  blood  and  facili- 
tate general  osmosis,  including  that  of  the  peribronchial  fluids.* 
Ammonium  chloride  is  an  active  remedy  of  this  kind,  in  10-grain 
(0.6  gm.)  doses  every  three  hours,  given  in  a  mixture  containing 
30  minims  (1.85  c.c.)  of  syrup  of  tolu  to  the  dose. 

If  the  convalescence  is  delayed,  the  chloride  may  be  re- 
placed by  ammonium  iodide,  which  stimulates  somewhat  the 
adrenal  system,  owing  to  the  iodine  it  contains.  More  active  in 
this  connection,  however,  is  a  mixture  containing  potassium, 
iodide  and  ammonium  carbonate,  5  grains  (0.3  gm.)  of  the  for- 
mer and  10  grains  (0.6  gm.)  of  the  latter  to  the  dose.  This 
combination  is  very  effective  in  children,  the  dose,  of  course, 
being  adjusted  to  the  age  of  the  little  patient. 

When  after  recovery  from  the  more  acute  symptoms, 
cough  and  a  muco-purulent  expectoration  persist,  the  fluid 

*  Author's  conclvsion. 

8  B.  W.  Richardson:    Med.  Press  and  Cir.,  Jan.  25,  1888. 

9  Bruce:    Lancet,  May  30.  1891. 

1°  Frazer:    Amer.  Jour.  Med.  Sci.,  Feb.,  1888. 
"Main:    Brit.  Med.  Jour.,  Nov.  30,  1889. 
i2Sinainski:    Lancet,  Sept.  1,  1888. 
"Langston:    Brit.  Med.  Jour.,  Jan.  30,  1892. 
"Leech:    Practitioner,  May,  1898. 
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extract  of  hydrastis,  20  to  30  drops,  four  times  daily,  in  a  little 
sweetened  water,  is  sometimes  quite  efficacious,  acting  much  like 
the  opiates  without  being  attended  by  their  untoward  effects. 
Caffeine,  5  to  10  grains  (0.3  to  0.6  gm.),  in  a  solution  contain- 
ing 20  grains  (1.3  gm.)  of  "potassium  acetate,  administered  on 
retiring,  is  to  be  preferred  when  the  cough  is  troublesome  at 
night.  Apomorphine,  in  doses  varying  from  ^/g^  to  ^/^  grain 
(0.002  to  0.03  gm.),  given  after  meals  to  prevent  nausea,  is 
preferred  by  some  authors. 

In  some  cases,  all  these  measures  prove  ineffectual,  owing  to 
general  asthenia.  Quinine  Jiydrochlorate,  2  grains  (0.13  gm.), 
given  with  strychnine,  grain  (0.0016  gm.),  after  each  meal, 
is  often  effective  in  such  cases,  owing  to  its  stimulating  action  on 
the  general  centers.  A  more  lasting  effect  is  obtained  by  means 
of  small  doses,  i.e.,  1  grain  (0.065  gm.)  of  thyroid  extract,  three 
times  daily,  after  meals.*  By  enhancing  physiologically  the 
functional  activity  of  the  adrenal  system  it  activates  that  of  all 
functions  and  augments  general  nutrition.* 

BRONCHIAL  ASTHMA. 

Synonyms. — Asthma;  Spasmodic  Asthma. 

Definition. — A  form  of  paroxysmal  dyspnoea  due  to  the  con- 
currence of  two  pathogenic  factors:  (1)  hyperexcitability  of 
the  general  vagal  center;  (2)  the  presence  within  or  upon  the 
bronchial  mucosa,  of  endogenous  or  exogenous  irritants.  The 
mucosa  requiring  for  the  expulsion  of  these  irritants,  reflex 
impulses  derived  from  the  general  vagal  center,  the  hyperexcit- 
ability of  the  latter  causes  it  to  project  unusually  violent  im- 
pulses to  all  the  elements  of  the  bronchi,  including  their  mus- 
cles, and  these  in  turn,  being  inordinately  contracted,  they 
reduce  the  caliber  of  the  bronchi  and  thus  provoke  asthma.** 

Symptoms. — An  attack  of  asthma  may  be  preceded  by  one 
or  more  premonitory  symptoms :  slight  gastro-intestinal 
malaise,  flatulency,  intellectual  torpor  or  exuberance,  depres- 
sion of  spirits,  pruritus,  especially  of  the  trunk  and  chin, 
sneezing,  accompanied  sometimes  by  a  free  flow  of  watery 
mucus,  epistaxis,  and  in  most  cases  a  copious  excretion  of  urine. 


*  Author's  (•nnrhii'ion. 
**Author's  deflnltion. 
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The  access  projjer  usually  begins  abruptly,  often  during  the 
early  morning  hours.  Marked  restlessness  is  soon  followed  by 
dyspnoea  of  the  most  distressing  kuid,  and  a  sensation  of 
great  depression  about  the  chest.  The  patient  soon  finds  it 
necessary  to  assume  positions  that  favor  the  action  of  the  respir- 
atory muscles,  which  seem  unable  to  cause  depression  of  the 
thorax  and  expulsion  of  the  air.  Gradually,  as  this  difficulty 
increases,  the  dyspnoea  becomes  more  distressing  until,  after  a 
couple  of  hours  or  more,  the  face  becomes  dusky  and  perhaps 
cyanotic,  owing  to  imperfect  oxygenation.  In  severe  cases,  this 
phenomenon  is  sufficiently  marked  to  cause  marked  hypother- 
mia, especially  of  the  extremities.  The  signs  of  asphyxia  are 
so  intense  in  some  cases,  that  they  may  suggest,  even  to  the 
physician,  an  early  lethal  termination.  The  pulse  is  small  and 
rapid,  the  brow  is  bedewed  with  sweat,  the  eyes  stand  out 
prominently,  a  deadly  pallor  replaces  the  cyanotic  hue,  etc. 

The  movements  of  the  chest  are  suggestive.  Though  fully 
expanded,  it  fails  to  recede  to  any  marked  extent  during  ex- 
piration. The  inspirations  are  short,  but  the  expirations  are 
considerably  prolonged,  thus  reversing  the  normal  relations  be- 
tween the  respiratory  acts.  The  percussion  note  is  hyper- 
resonant,  sometimes  almost  tympanic,  but  highly-pitched.  Aus- 
cultation confirms  the  objective  respiratory  phenomena:  the 
expiration  is  greatly  prolonged,  and  both  inspiration  and  ex- 
piration are  attended  by  sibilant,  more  or  less  high-pitched 
rales,  throughout  the  entire  chest,  which  resemble  the  chirping 
of  a  multitude  of  birds.  The  heart  is  often  displaced,  the  apex 
being  nearer  the  sternum  and  lower  down  than  usual — obviously 
pushed  in  this  unusual  position  by  the  distended  left  lung. 
The  veins  of  the  neck  are,  as  a  rule,  considerably  dilated. 

When  the  paroxysm  has  reached  its  worst  stage,  the  pic- 
ture changes :  the  breathing  becomes  easier,  and  a  spell  of  tight, 
harassing  cough  marks  the  onset  of  the  period  of  resolution. 
At  first  the  sputa  are  quite  characteristic  of  asthma.  They  con- 
tain small,  grayish-white  gelatinous  pellets,  Laennec's  "pearls," 
which  are  in  reality  small  rolls  of  condensed  mucus,  containing 
two  characteristic  elements,  Curschmann's  spirals  and  the 
Charcot-Leyden  crystals.  The  spirals  are  skeins  of  spirally- 
disposed  mucin  filaments  enclosing  many  eosinophile  leucocytes ; 
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the  crystals  are  similar  to  those  found  in  the  blood  in  leukaemia. 
An  enormous  number  of  free  eosinophile  leucocytes  are  also 
found  in  the  sputum,  as  well  as  in  the  blood.  Gradually,  how- 
ever, the  expectoration  assumes  the  ordinary  mucoid  type;  as 
it  becomes  freer  the  cough  becomes  less  harassing,  and  the 
attack  passes  off,  leaving  the  patient  considerably  weakened. 

The  relief  may  be  of  short  duration,  a  second  attack  follow- 
ing the  first  after  a  few  hours.  As  a  rule,  however,  the 
paroxysm  does  not  occur  until  the  succeeding  night,  more  or  less 
coughing  and  wheezing  occurring  in  the  interval.  Paroxysms 
may  thus  reappear  five  or  six  nights  in  succession,  the  series 
constituting  an  "attack"  of  asthma.  The  patients  may  then 
remain  free  several  weeks,  or  even  months,  and  suddenly  lapse 
into  another  period  of  suffering. 

In  true  bronchial  asthma,  the  intensity  of  the  symptoms  is 
independent  of  the  duration  of  the  disease.  Thus,  the  attacks 
that  occur  soon  after  its  first  appearance  may  be  very  intense 
as  to  dyspnoea,  while  in  individuals  who  have  long  suffered  from 
the  disease,  this  symptom  may  not  be  severe.  In  the  former 
cases,  however,  the  attack  passes  off  entirely,  leaving  the 
patient  perfectly  normal  during  the  intervals,  while  in  the 
latter,  the  bronchial  mucosa  may  become  the  seat  of  a  chronic 
inflammatory  process,  i.e.,  a  true  chronic  bronchitis,  with  all 
its  possible  complications. 

Pathogenesis  and  Pathology. — An  attack  of  bronchial 
asthma  is  due  to  vagal  stricto-dilation  of  the  bronchial  arte- 
rioles.* An  excess  of  blood  being  admitted  into  the  bronchial 
muscle-elements,  and  into  the  mucosa,  the  caliber  of  the  bronchi 
is  reduced  in  two  ways:  (1)  by  contraction  of  their  muscles, 
and  (2)  by  congestive  swelling  of  the  bronchial  mucous  mem- 
brane. In  severe  attacks  the  lumina  of  the  terminal  bronchioles 
becomes  sufficiently  reduced  to  prevent  the  egress  of  air  from 
the  alveoli,  hence  the  cyanosis  and  the  inability  of  the  thorax 
and  the  diaphragm  to  contract. 

All  the  theories  best  sustained  by  experimental  and  clinical  evi- 
dence implicate  the  nervous  system  in  the  morbid  process.  Whether 
with  Lefevre,  Salter,  Biernier,  Trousseau  and  others  we  ascribe  asthma 
to  spasm  of  the  broneliial  muscles;  with  Hack,  Daly  and  others  to  reflex 
irritation  of  the  nasal  cavities;   with  Parrot  to  reflex  excitation  of  the 


*  Author's  conclusion. 
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bronchial  secretory  elements;  with  Brissaud  to  hysteria;  or  with 
Weber  to  vasomotor  turgescenee  of  the  bronchial  mucosa,  etc.,  the  nerv- 
ous system  stands  out  prominently  as  an  active  factor  at  least  of  the 
salient  phenomena  of  the  disease,  the  bronchial  obstruction.  The  unani- 
mity ceases,  however,  when  the  identity  of  the  system  of  nerves  involved 
is  sought.  Are  we  dealing  with  a  vagal  neurosis,  as  taught  by  Trous- 
seau and  his  school,  or  with  a  vasomotor  neurosis,  as  taught  by  Weber 
and  his  followers? 

The  question  of  course  is  closely  associated  with  the  character  of 
bronchial  lesions.  Here,  again,  the  bulk  of  evidence  points  in  the  one 
direction,  i.e.,  Traube's  view  that  the  bronchial  mucosa  is  the  seat  of  a 
fiuctionary  hyperaemia  which  Sir  Andrew  Clark,  Storch  and  others  in- 
terpret as  a  diffuse  "vaso-turgeseence"  or  hypersemic  swelling.  Not  only 
was  FraenkeP^  able  to  verify  this  fact  post-mortem,  but  he  found  the 
lesions  peculiar  to  an  advanced  stage  of  local  congestion,  i.e.,  of  chronic 
bronchitis,  widespread  desquamation  of  epithelial  cells.  In  a  very  in- 
teresting ease  recorded  by  J.  S.  Billings,  Jr.,"^"  such  a  vaso-neurotic  swell- 
ing involved  "the  forearms  and  arms  as  high  as  the  middle  of  the  biceps 
muscles."  Although  the  fingers  were  not  swollen,  they  had  been  "cold 
and  blue  from  the  first."  The  "typical  asthma,  with  nocturnal  attacks 
of  sudden  onset,  ending  in  violent  paroxysms  of  coughing  with  scanty 
viscid  expectoration,"  ceased,  and  the  swelling  of  the  arms  and  forearms 
disappeared  under  what,  as  we  will  see,  I  regard  as  the  appropriate 
treatment  for  asthma.  The  pulmonary  lesions  and  those  of  the  ex- 
tremities were  evidently  similar,  i.e.,  a  fiuctionary  hypersemia  of  nervous 
origin.  That  this  vascular  turgescenee  is  general  is  suggested  by  the 
observation  of  Sihle"  that  in  all  asthmatics,  both  during  the  attacks 
and  in  the  intervals,  the  inferior  border  of  the  liver  is  considerably  low- 
ered and  sensitive  to  pressure. 

The  identity  of  the  system  of  nerves  involved  at  once  suggests 
itself,  i.e.,  the  vasomotor  system,  in  accord  with  the  views  of  Weber 
and  many  other  observers.  When,  however,  the  manner  in  which  such 
widespread  results  must  be  produced  by  this  system  is  analyzed  in  the 
face  of  experimental  evidence,  it  fails  to  meet  the  needs  of  the  morbid 
process.  In  order  thus  to  influence  the  general  vascular  system,  the 
original  cause  of  the  disease,  whether  it  be  "uric  acid"  or  any  other 
systemic  poison,  should  stimulate  the  vasomotor  center,  and  produce 
general  vaso-eonstriction ;  more  blood  being  projected  into  the  capil- 
lary system,  the  bronchial  capillaries  among  others  would  become  en- 
gorged, i.e.,  hypersEmic.  That  such  a  general  vaso-constriction  does  not 
occur,  however,  is  shown  by  the  fact  that  the  blood-pressui-e,  which  is 
raised  when  the  systemic  vessels  contract,  is  on  the  contrary  lowered, 
as  shown  by  Sihle,  the  average  being  from  70  to  100  in  a  large  number 
of  asthmatics  as  compared  to  the  average  of  80  to  130  in  normal  in- 
dividuals. Again,  if  the  data  upon  which  the  vasomotor  theory  is  based 
are  carefully  scrutinized,  they  are  found  wanting.  Stimulation  of  the 
pulmonary  vasomotors  produces  the  reverse  of  hypersemia,  i.e.,  isehse- 
mia,  and  the  many  symptoms  other  than  asthma  observed  that  are 
ascribed  to  vasomotor  influence,  rhinorrhoea,  ptyalism,  lachrymation, 
diarrhoea,  etc.,  are  in  reality  due  to  overstimulation  of  the  respective 
organs  by  their  secreto-motor  nerves — all  of  which,  as  I  have  shown  in 
the  eighteenth  chapter,  fulfills  functions  identical  to  those  of  the  vagus. 

Quite  another  picture  is  presented,  however,  when  the  asthma,  in 
accord  with  Trousseau's  interpretation,  is  ascribed  to  the  vagus.  Brodie 
and  Dixon'*  recently  confirmed  experimentally  the  well-known  fact  that 

'^Praenkel:    Zeit.  f.  klin.  Med.,  Bd.  xxxv,  S.  559,  1898. 
"J.  S.  Billings,  Jr.:    N.  Y.  Med.  Jour.,  May  22,  1897. 
"  Sihle:    Wiener  klin.  Woch.,  Bd.  xvi,  S.  85,  1903. 

Brodie  and  Dixon:   Trans.  Pathol.  Soc.  of  London,  vol.  liv,  p.  17,  1903. 
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stimulation  of  the  vagus  causes  a  marked  dimimition  of  the  volume  of 
air  entering  and  leaving  the  corresponding  lung,  owing  to  contraction 
of  the  bronchial  muscles.  Kingscote'"  states,  moreover,  that  this  pro- 
cedure causes  simultaneously  spasmodic  contraction  of  the  diaphrag- 
matic muscle.  As  stated  by  Loque,-"  moreover,  a  similar  effect  is  pro- 
duced when  the  pulmonary  ends  of  the  nerve,  i.e.,  the  bronchial  muscles 
per  se,  are  excited. 

The  manner  in  which  these  phenomena  ajre  produced  is  made  evi- 
dent when  the  observations  of  Sihle,-'  that  this  procedure  produces 
bronchostenosis,  "the  efferent  path  being  certainly  the  vagi;"  and  that 
of  W.  Blair  Bell,-  that  pulmonary  terminations  produce  active  vaso- 
dilation of  the  bronchial  arteries,  are  interpreted  from  my  standpoint, 
i.e.,  with  the  vagus  as  a  stricto-dilator  nerve  in  common  with  all  motor 
nerves.  Indeed,  stricto-dilation  means,  as  I  have  shown,  constriction  of 
the  vasa  vasorum  of  the  arterioles  that  supply  muscles  (as  well  as  any 
other  organ)  ;  the  walls  of  these  arterioles  being  supplied  with  less 
blood,  they  dilate,  admitting  in  turn  more  blood  into  the  muscular 
elements.  Now  we  have  in  its  action  upon  the  diaphragm,  proof  that 
the  vagus  causes  muscular  contraction.  Hence,  in  accord  with  the 
interpretation  of  Lefevre,  Salter,  Trousseau,  C.  J.  B.  Williams  and 
many  others,  the  spasmodic  contraction  of  the  bronchial  muscles  which, 
by  greatly  narrowing  the  caliber  of  the  bronchi,  provokes  the  asthma. 
Hence,  also,  the  "hyperaemic  swelling"  upon  which  Traube,  Sir  Andrew 
Clarke  and  others  have  laid  stress,  since  stricto-dilation  of  the  bron- 
chial arterioles  produces  congestion  of  all  the  bronchial  elements. 

As  emphasized  by  H.  L.  Swain,-'  the  researches  of  W.  S.  Miller 
have  shown  that  venous  trunks  are  practically  absent  in  the  bronchial 
mucosa,  which  is  thus  supplied  only  with  capillaries.  The  readiness 
with  which  the  mucosa  can  become  hyperaemic,  and  conversely  the 
rapidity  with  which  the  capillaries  can  be  depleted  as  soon  as  the  excess 
of  blood  supplied  to  them  is  reduced  (by  sympathetic  constriction  of 
the  arterioles  as  shown  below),  is  self-evident. 

The  predisposing  cause  of  bronchial  asthma  is  hypersen- 
sitiveness  of  the  vagal  center  in  the  posterior  pituitary  body.* 
Under  normal  conditions,  that  is  to  say,  when  the  bronchial 
mucous  membrane  is  not  irritated  by  some  substance  brought 
to  it  by  the  air  current  or  by  the  blood,  this  hypersensitiveness 
gives  rise  to  no  untoward  phenomena.  When,  however,  irritat- 
ing particles  are  inhaled  and  reach  the  lungs,  or  when  cata- 
bolism  is  imperfect  and  toxic  products  of  hypocatabolism  are 
eliminated  (in  part)  by  the  bronchial  mucosa,  asthma  occurs.* 

The  muscular  constriction  of  the  bronchi  and  the  swelling 
of  the  mucosa  which  give  rise  to  asthma,  are  not  caused,  how- 
ever, by  a  direct  action  of  these  poisons  upon  the  bronchial 
muscles,  or  the  epithelial  or  secretory  elements  of  the  mucosa, 


*  Author's  con'i-ltision. 

i^Kingscote:    Brit.  Med.  Joiir.,  Oct.  13,  ]900. 

2°  Loque:    Jour,  des  sci.  med.  de  Lille,  Jan.  19,  1895. 
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but  by  their  irritating  influence  upon  the  bronchial  sensory  end- 
organs  of  the  vagus.*  The  aiierent  impulses  from  the  bronchi 
thus  generated  and  transmitted  to  the  vagal  center,  would  evoke, 
if  the  latter  were  normal,  just  sufficiently  energetic  recurrent, 
i.e.,  efferent-motor,  impulses  to  insure  the  elimination  of  the 
poisonous  wastes  (by  causing  periodical  contractions  of  the 
bronchi,  increasing  the  secretion  of  mucus,  promoting  the  activ- 
ity of  the  ciliated  epithelium,  etc.)  ;  but  being  hypersensitive, 
the  center  projects  excessively  violent  stimuli  to  the  bronchial 
muscles  and  mucosa,  and  the  resulting  bronchostenosis,  produced 
in  the  manner  described,  gives  rise  to  asthma.* 

Eeflex  asthma  differs  from  true  bronchial  asthma  only  in 
that  the  sensory  impulses  which  excite  the  hypersensitive  vagal 
center,  and  through  it  evoke  the  asthma,  are  derived  from  irri- 
tated surfaces  other  than  those  of  the  lungs,  i.e.,  the  nose,  the 
ear,  etc.* 

In  this  process  the  functions  of  the  bronchial  mucous  membrane 
are  assimilated  to  that  of  the  stomach,*  when,  as  shown  by  Pawlow, 
the  presence  of  food  provokes  the  secretion  of  gastric  juice  and  the  gas- 
tric muscular  movements  by  exciting  the  sensory  vagal  terminals.  We 
have  seen  that  such  a  conclusion  is  warranted.  The  recurrent  motor 
impulses  originate,  of  course,  from  the  vagal  center.  Since  all  im- 
pulses of  common  sensibility  reach  the  posterior  pituitary,  while  all 
coordinated  involuntary  motor  impulses  arise  from  this  organ,*  it  be- 
comes the  normal  source  of  this  class  of  stimuli  to  the  lungs  as  well. 

That  it  is  a  general  center  which  is  hypersensitive — one  capable 
of  responding  to  impulses  received  from  many  sources — is  shown  by  the 
multiplicity  of  conditions  by  which  asthma  may  be  provoked.  The 
asthma  caused  reflexly  by  nasal  and  aural  polypi,  excitation  of  sensi- 
tive spots  in  the  nasal  cavities,  ethmoiditis  (Emerson,^*  CoggeshalP  and 
others),  abscess  of  the  antrum  (Richardson-"),  uterine  disorders  (Katz," 
Strlibing,^*  von  Leyden  and  others),  etc.,  illustrates  this  fact.  With  the 
general  vagal  center  as  the  source  of  the  asthmogenic  impulses,  the  man- 
ner in  which  such  lesions  can  produce  reflex  asthma  becomes  plain.  Though 
unable  to  describe  the  paths  followed,  Schadewaldt™  and  others  consider 
nasal  asthma  a  trigeminal  neurosis.  If  the  pituitary's  vagal  center  is 
made  the  terminal  of  sensory  impulses  from  the  nose,  and  the  vagal 
efferent  nerves  the  transmitter  of  motor  impulses  to  the  lungs,  the  reflex 
arc  is  complete.*  Moreover,  the  actual  participation  of  the  pituitary 
body  in  such  phenomena  is  well  shown  by  the  experiments  of  Cyon,  who 
found  that  destruction  of  this  organ  completely  annulled  the  reflex  sen- 
sibility of  the  nasal  mucosa. 

That  asthmatics  suffer  from  hypocatabolism  is  well  known;  this 
is  emphasized  by  the  prominence  given  uric  acid  and  the  gouty  diathesis 

*  Auilinr's  conclusion. 

Emerson:    Boston  Med.  and  Surg.  Jour.,  May  30,  1901. 
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=8  Scliadewaldt:    Verhandl.  Berl.  med.  Gesellschaft,  Bd.  xvii,  S.  225,  1887. 
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as  a  cause  of  the  disease  by  many  authors.  We  have  seen  the  all-im- 
portance of  toxic  wastes  in  the  causation  of  epileptic  fits.  Taylor^"'  and 
others  have  reported  cases  in  which  it  replaced  the  fits.  Sciatica,  mi- 
graine, angina  pectoris  and  other  conditions  due  to  toxic  wastes  are  fre- 
quently observed  in  asthmatics.  Again,  the  so-called  "renal"  asthma 
is  obviously  due  to  retention  of  excrementitious  products  in  the  blood. 
Indeed,  Macllwaine'^  has  laid  stress  on  the  importance  of  albuminuria 
as  a  precursory  symptom  of  this  condition.  Moncorge,"-  F.  Ehrlich," 
Lemonnyer"  and  others  have  illustrated  the  infiuence  of  a  rheumatic 
diathesis  by  a  number  of  cases.  All  these  instances  are  necessarily 
results  of  a  debilitated  condition  of  the  organism.  Aside,  however,  from 
the  cases  in  which  such  a  debilitated  condition  occurs  without  apparent 
cause,  are  others  in  which  it  is  directly  traceable  to  disease  or  habits 
which  undermined  the  patient's  health.  As  to  the  former,  in  a  study 
of  40  cases  of  hay-fever,  several  of  which  were  complicated  with  asthma, 
found  that  almost  all  had  suffered  from  several  of  the  diseases  of 
childhood.  Kissel'"  has  observed  the  same  fact  in  4  cases  of  bronchial 
asthma  in  children,  though  the  disease  is  rare  in  childhood.  Crook- 
shank^  has  described,  under  the  term  "asthma  sexualis,"  cases  of  asthma 
which  followed  sexual  excesses  in  both  sexes.  It  may  also,  as  shown 
by  Fiessinger,^  occur  as  a  complication  of  true  neurasthenia. 

Closely  related  to  the  products  of  hypocatabolism  as  primary 
causes  of  bronchial  asthma  is  the  so-called  "dyspepsia  asthma"  which 
Albu  and  others  have  ascribed  to  auto-intoxication.  Landi^"  found  that 
emetics  and  purgatives  caused  prompt  relief  in  such  cases.  In  5  cases 
reported  by  Murdoch"  the  asthma  occurred  after  meals  and  yielded 
readily  to  treatment  of  the  stomach.  In  31  cases  observed  by  Einhorn-"^ 
the  attacks  of  asthma  occurred  either  immediately  after  meals  or  two 
or  three  hours  later — a  suggestive  coincidence  with  the  period  of  assimi- 
lation. 

Aside  from  these  endogenous  excitants,  however,  are  many  others 
of  exogenous  origin  which  are  capable,  as  is  well  known,  of  provoking 
typical  attacks  of  bronchial  asthma :  dust,  emanations,  pollen,  smoke, 
etc.  This  affords  self-evident  proof  that,  however  produced,  asthma  is 
primarily  due  to  an  excitant — whether  applied  to  the  sensory  terminals 
of  the  bronchial  mucosa  or  any  other  mucosa.  As  everyone  is  exposed 
more  or  less  to  the  morbid  effects  of  such  irritants,  asthmatics  must  be 
particularly  susceptible  to  these  irritants:  a  fact  readily  explained  by 
the  hyperexcitability  of  their  general  vagal  center. 

Treatment. — Remedies  Which  Arrest  the  Paroxysm. — 
This  is,  of  course,  the  first  indication.  The  bronchostenosis 
being  mainly  caused  by  contraction  of  the  bronchial  muscles,  and 
thus,  in  turn,  being  due  to  stricto-dilation  of  the  arterioles 
through  which  the  capillaries  of  these  muscles  receive  their 
blood,  our  aim  should  be  to  provoke  contraction  of  the  arte- 

'0  Taylor:    N.  Y.  Med.  Jour.,  Oct.  21,  1899. 

^1  Macllwaine:    Med.  Prsss  and  Circular,  Sept.  19,  1900. 

^-  Moncorge:    Lyon  medical,  vol.  Ixxix,  p.  175,  1895. 

P.  Ehrlich:    Archiv  f.  Verdauungskrankheiten,  Bd.  v,  S.  12G,  1899. 
^  Lemonnyer:    These  de  Paris,  1902. 

Sajous:    "Lectures  on  the  Diseases  of  the  Nose  and  Throat."  Phila.,  1885. 
3«  Kissel:    Wratch,  No.  16,  1894. 
3'  Crookshank:    Edinburgh  Med.  Jour.,  June,  1899. 
^  Fiessinger:    Jour,  de  practiciens,  Nov.  1,  1902. 
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rides.  As  these  vessels  are  constricted  by  sympathetic  fibers, 
agents  which  stimulate  the  sympathetic  center  are  indicated. 
Prominent  among  these  is  belladonna,  especially  when  its  alka- 
loid, atropine,  is  employed  hypodermically.  The  best  results  are 
obtained  when  V120  to  grain  (0.0005  to  0.001  gm.) — ac- 
cording to  the  strength  of  the  patient — is  thus  given,  with  mor- 
phine Vg  to  grain  (0.008  to  0.016  gm.),  which  also  promotes 
contraction  of  the  arterioles  and  relieves  thereby  the  bronchial 
hypergemia.  Similar  elfects  are  produced  by  other  agents  used 
by  inhalation.  Thus  relief  may  be  sustained  by  burning  paper 
previously  dipped  in  a  strong  solution  of  potassium  nitrate  and 
an  infusion  of  stramonium  and  dried.  Cigarettes  composed 
of  stramonium,  hyoscyamus  and  cannabis  Indica,  and  others, 
such  as  Espic's,  available  in  all  drug-stores,  are  composed  of 
agents  which  act  like  belladonna  and  promptly  relieve  the 
attack  when  smoked.  In  Germany,  Neumeier's  cigarettes,  con- 
taining lobelia,  stramonium,  sodium  nitrate,  potassium  nitrate 
and  potassium  iodide,  are  extensively  used. 

The  coal-tar  derivatives,  antipyrin,  acetanilid,  phenacetin, 
which  likewise  stimulate  the  sympathetic  center,  are  also  effec- 
tual, but  only  when  used  in  large  and  therefore  unsafe  doses. 
Paraldehyde  has  been  recommended  in  doses  ranging  from  45 
to  60  grains  (3  to  4  gms.). 

The  use  of  atropine,  introduced  by  Trousseau,  has  recently  been 
revived  and  highly  recommended  by  Von  Noorden''-  and  Riegel."  The 
former  begins  with  V120  grain  (0.0005  gm.)  and  gradually  increases 
the  dose  to  ^/,o  grain  (0.0065  gm. ).  I  have  been  using  it  over  twenty- 
five  years,  and  prefer  V120  grain  (0.0005  gm.)  combined  with  i/4  grain 
(0.016  gm.)  of  morphine  to  produce  an  immediate  effect,  repeating  the 
dose  in  two  hours  if  necessary.  F.  P.  Hearder"  obtained  rapid  and 
complete  relief  in  the  majority  of  30  cases  in  which  he  used  paraldehyde 
in  the  doses  mentioned.  Whitaker*^  reported  a  case  in  which  45  grains 
(3  gm.)  caused  collapse  which  lasted  two  days. 

Measures  Which  Tend  to  Remove  the  Cause. — The 
irritability  of  the  vagal  center  (which  may  be  influenced  by 
afferent  impulses  from  any  portion  of  the  body)  may  be  per- 
petuated by  any  condition  which  causes  it  to  receive  a  continu- 
ous flow  of  afferent  impulses,  differing  from  those  normally 
received  only  in  that  they  are  more  energetic*    Nasal  polypi 

*  Author's  cmiclynion. 
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or  exostoses,  by  pressing  on  the  nasal  terminals  of  the  fifth 
nerve,  may  thus  transmit  a  stream  of  stimuli  to  the  pituitary 
body  and  keep  its  centers  turgescent  and  hypersensitive.* 
Hence,  all  organs  within  reach,  the  nose,  the  ears,  the  uterus, 
etc.,  should  be  examined  to  ascertain  whether  the  predisposing 
cause  of  the  asthma  be  not  located  therein.  The  peripheral 
organs  are  merely  hypersesthetic  in  some  cases,  and  the  con- 
tact of  irritating  substance — dust,  smoke,  etc.,  in  the  case  of 
the  upper  respiratory  tract — suffices  to  provoke  asthma.  The 
source  of  the  primary  central  irritability  may  also  be  a  local- 
ized chronic  congestion,  i.e.,  hypertrophic  rhinitis,  gastritis, 
bronchitis,  cystitis,  etc.,  and  slight  additional  irritation  of  these 
structures  by  substances  inhaled  or  ingested  may  bring  on  a 
paroxysm  by  further  exciting  the  already  hyperaesthetic  center. 
The  liability  to  attacks  of  asthma  cannot  be  removed  unless  any 
such  cause  of  central  irritation  be  eradicated. 

In  some  of  these  cases  paroxysmal  sneezing,  to  which  the  patient 
attaches  but  little  importance,  points  to  the  source  of  the  central  irri- 
tation. By  passing  a  probe  over  the  Schneiderian  membrane  sensitive 
areas  are  frequently  found  which  provoke  sneezing,  cough  and  even  dysp- 
ncBa  when  touched.  Chromic  or  glacial  acetic  acid  applied  to  these  areas 
suffices  in  some  instances  to  prevent  further  accesses.  In  such  cases  the 
local  application  of  a  10  per  cent,  solution  of  cocaine  in  the  midst  of 
an  attack  of  asthma  will  arrest  it.  Pawinski'"'  observed  a  case  in  which 
the  retention  of  urine  was  the  cause  of  the  paroxysms,  these  passing  off 
as  soon  as  the  patient  was  eatheterized.  Boas*'  has  reported  several 
cases  in  which  mild  dyspeptic  symptoms  were  followed  by  severe  asthma 
and  diffuse  perspiration  which  lasted  until  the  gastric  disorder  had 
disappeared  or  had  been  relieved  by  emesis.  In  asthmatic  children 
whose  breath  is  foul,  the  tongue  furred,  Landi'*  obtained  immediate 
relief  from  emetics  or  purgatives.  These  few  examples  illustrate  the 
fact  that  asthma  is  a  neurosis  which  may  be  caused  by  a  multitude  of 
conditions,  and  that  it  is  only  by  a  diligent  search  that  the  physician 
can  discern  the  primary  cause  of  the  disease. 

When  the  cause  of  the  disease  cannot  be  traced  to  any 
localized  disorder,  the  central  hyperexcitability  is  the  result 
of  repeated  irritation  by  the  toxins  or  endotoxins  of  several  dis- 
eases acquired  in  rapid  succession — the  diseases  of  childhood, 
for  instance — or  it  is  due  to  the  constant  irritation  to  which  toxic 
products  of  hypocatabolism  submit  the  central  neurons.*  In 
either  case  the  asthmogenic  agents  are  the  same:  an  excess  of 
these  toxic  wastes  in  the  blood.*    As  their  presence  therein  is 

*  Author's  rnncluftinn. 
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due  to  imperfect  metabolism,  the  aim  should  be  to  enhance  this 
process.  Potassium  iodide  is  recognized  as  the  most  beneficial 
agent  we  possess  when  given  in  doses  of  from  5  to  10  grains  (0.3 
to  0.6  gm.),  three  or  more  times  a  day,  according  to  the  severity 
of  the  case.  This  agent  produces  its  effects  by  actively  stimu- 
lating the  adrenal  center,  thus  causing  a  marked  increase  of 
auto-antitoxin  in  the  blood.*  The  products  of  metabolism 
being  adequately  catabolized  and  converted  into  benign  elimin- 
able  products,  the  vagus  center  and  the  bronchial  mucosa  are 
no  longer  irritated  and  the  paroxysms  of  asthma  finally  cease. 
Thyroid  extract,  in  small  doses,  1  or  2  grains  (0.065  or  0.13 
gm.),  acts  in  the  same  way,  and  is  especially  useful  in  children 
and  as  a  substitute  for  potassium  iodide  when  this  agent  is  not 
well  borne.* 

The  disease  is  readily  contro  led  by  giving  potassium  iodide,  5 
grains  (0.3  gm.),  and  the  tincture  of  belladonna,  5  minims  (0.3  gm.), 
together  in  a  mixture  every  three  hours  at  first,  then  the  iodine  alone 
in  10-grain  (0.6  gm.)  doses  in  a  tumblerful  of  water  during  each  meal. 
If  there  remains  some  tendency  to  dyspnoja,  1  grain  (0.065  gm.)  of  thy- 
roid extract  after  each  meal  will  serve  to  dissipate  it.  In  uncompli- 
cated cases  this  plan  is  very  effectual.  The  iodide  may  be  increased 
to  20  grains  (1.3  gm.)  three  times  daily  if  needed.  As  stated  by  Hare,*' 
asthmatics  bear  large  doses  of  this  agent  without  showing  signs  of 
iodism. 

An  interesting  feature  in  connection  with  effects  I  ascribe  to  the 
iodides  and  thyroid,  i.e.,  an  increase  of  auto-antitoxin  in  the  blood,  is 
the  observation  of  Revilliod™  that  diphtheria  antitoxin — which  is  similar 
to  the  endogenous  antitoxin  as  regards  constituents — had  proved  very 
beneficial  in  severe  cases.  Suggestive  also  is  the  beneficial  though 
ephemeral  influence  of  adrenal  extract  and  adrenalin,  noted  by  S.  Solis- 
Cohen,'^  Bullowa  and  Kaplan'*^  and  others.  As  emphasized  by  S.  Solis- 
Cohen,  however,"^  it  is  powerless  to  relieve  an  acute  paroxysm,  but 
tends,  when  given  during  the  intervals,  to  diminish  the  tendency  to 
recurrence.  The  iodides  and  thyroid  produce  the  effects  of  diphtheria 
antitoxin  and  adrenalin,  but  far  more  efficaciously  by  stimulating  per- 
sistently the  adrenal  center. 

An  important  feature  of  the  treatment  of  asthma  is  the 
diet.  The  attacks  occur  at  night  in  the  majority  of  cases,  be- 
cause during  sleep  all  vital  processes  are  somewhat  depressed. 
Catabolism  being  correspondingly  less  active,  toxic  wastes  accu- 
mulate in  the  blood  and  finally  provoke  the  attack.  A  light 
evening  meal,  without  meat,  is,  therefore,  indicated.    In  severe 

*  Author's  conclusion. 
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S.  Solis-Cohen:    Jour.  Amer.  Med.  Assoc.,  May  12,  1900. 

Bullowa  and  Kaplan:    Medical  News,  Oct.  24,  1903. 
"  S.  Solis-Cohen:    Phila.  Med.  Jour.,  Oct.  15,  1898. 
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cases,  especially  when  the  dyspnoea  is  continuous,  a  mill:  diet 
of  three  or  four  weeks'  duration,  followed  by  a  frugal  mixed 
diet  of  milk  and  vegetables,  in  which  meat  is  partaken  of  but 
once  daily,  and  at  the  midday  meal,  is  almost  curative,  the 
milk  diet  being  resumed  when  the  asthma  tends  to  recur. 

Alcohol  is  contraindicated,  since  it  deoxidizes  the  blood; 
pure  water,  on  the  other  hand,  when  drunk  freely,  facilitates 
the  work  of  the  kidneys  by  lowering  the  specific  gravity  of  the 
fluids  passed  through  them.  The  bowels  should  move  freely, 
mild  saline  laxatives  being  used  when  necessary. 

The  plain  dietetic  measures  embodied  in  the  first  paragraph,  rec- 
ommended by  Huchard,'**  will  be  found  very  effective.  Thorowgood'^ 
refers  to  cases  in  which  reduction  of  the  diet  alone  gave  rise  to  remark- 
able relief.    Many  instances  of  this  kind  have  been  recorded. 

HYPER^STHETIC  RHINITIS   (HAY-FEVER,  ROSE  COLD,  ETC.). 

Synonyms. — Hay  Asthma;  June  Cold;  Catarrhus  JEsti- 
vus;  Idiosyncratic  Coryza;  Peach  Cold;  Pollen  Catarrh;  Rag- 
weed Fever;  Summer  Catarrh;  etc. 

To  eliminate  the  array  of  absurd  names  which  have  been  given 
this  disease,  some  of  which  appear  in  the  above  list,  I  suggested  in  1885 
the  term  "Hyperaesthetic  Rhinitis"  as  best  typifying  its  salient  phe- 
nomenon: extreme  sensitiveness  of  the  upper  respiratory  tract.  As 
I  will  show  in  the  following  pages,  this  term,  which  has  been  adopted 
by  several  authorities,  is  fully  justified.  Hence  its  appearance  at  the 
head  of  this  article. 

Definition. — Hyperaesthetic  rhinitis,  a  periodical  acute 
coryza  often  accompanied  by  asthma,  is  due  to  excessive  irrit- 
ability of  the  trigeminal  center,  a  condition  sustained  by  toxic 
wrastes  which  are  present  at  all  times  in  the  blood  of  these  cases, 
owing  to  functional  torpor  of  the  adrenal  system.  The  period- 
icity of  the  disease  is  due  to  the  presence  in  the  air,  at  fixed 
seasons,  of  certain  pollens,  which,  coming  into  contact  with 
the  hyperaesthetic  terminals  of  the  trigeminus  in  the  nasal 
mucosa,  provoke  the  attack.* 

Symptoms. — The  affection  presents  itself  at  periodic  yearly 
intervals,  either  in  August  and  early  September,  or  else  in  the 
months  of  May  or  June.  In  some  individuals  two  attacks  occur 
in  the  year.   The  subject  is  often  able  to  state  the  day  and  even 


*Author's  definition. 

"Hucliard:    Jour  des  praticiens,  Feb.  22,  1896. 

65  Thorowgood:    Med.  Press  and  Circalar,  Dec.  16,  1896. 
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the  hour  at  w-hich  the  onset  is  to  occur.  The  summer  variety  of 
the  affection  is  in  general  less  severe  and  of  shorter  duration 
than  the  autumnal  variety. 

In  some  cases,  mainly  those  of  long  standing,  premonitory 
symptoms  appear  several  days  or  even  two  weeks  before  the 
true  onset.  They  may  include  general  malaise,  frontal  head- 
ache, itching  at  the  roof  of  the  mouth  and  eyes,  sensations  of 
chilliness,  and  slight  fits  of  sneezing.  The  sj-mptoms  of  the 
actual  attack  may  last  only  a  few  days,  and  resemble  those  of 
an  ordinary  cold  in  the  head,  or  may  be  of  more  violent  form, 
and  are  sometimes  accompanied  by  asthma. 

A  sensation  of  violent  itching  in  the  nose  generally  marks 
the  onset  of  the  affection,  and  causes  prolonged  sneezing.  With 
this  may  be  associated  pricking  and  stinging  at  and  near  the 
inner  canthi,  followed  by  profuse  lachrymation.  An  abundant, 
watery,  and  alkaline  discharge  from  the  nose  soon  appears, 
which  causes  more  or  less  irritation  of  the  nostrils  and  upper  lip. 
Eespiration  through  the  nose  becomes  much  impeded  through 
swelling  of  the  nasal  mucous  membrane.  Pain  is  present  over 
the  bridge  of  the  nose ;  there  is  often  also  frontal  headache,  and 
pains  in  the  eyeball  or  back  of  the  head.  Itching  at  the  roof 
of  the  mouth  and  on  the  face  is  often  complained  of.  Other 
possible  manifestations  comprise  chilly  sensations,  loss  of 
smell  and  taste,  tinnitus  aurium,  partial  deafness,  involvement 
of  the  air-sinuses,  phar^Tigitis.  h^'persesthesia  of  the  scalp;  as 
well  as  general  sATuptoms,  such  as  moderate  pyrexia,  disordered 
stomach  and  flatulence,  urticaria,  with  inability  to  perform 
mental  work. 

As  the  affection  progresses,  the  nasal  discharge  becomes 
thicker  in  character,  and  may  be  muco-purulent.  Photophobia 
and  chemosis  are  prone  to  develop,  and,  occasionally,  pseudo- 
membrane  is  formed  in  the  nasal  cavities.  The  attack  may  last 
from  several  days  to  as  long  as  a  few  weeks,  and  when  left 
untreated  does  not  tend  to  disappear  until  the  constituent  of 
the  atmosphere  that  causes  the  irritation  is  removed.  Usually 
both  onset  and  decline  of  the  symptoms  are  sudden,  but  in  some 
cases  they  may  be  more  gradual. 

Asthma  not  infrequently  occurs  as  a  complication  of  hay- 
fever.    In  most  cases  it  begins  a  few  days  after  the  primary 
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nasal  symptoms  have  appeared  and  as  soon  as  these  become 
marked.  There  comes  a  feeling  of  soreness  in  the  pharynx, 
which  is  soon  followed  by  hoarseness,  slight  cough,  and  a  sense 
of  tightness  about  the  chest.  These  symptoms  gradually  in- 
crease in  intensity  and  are  generally  worse  at  night.  Some- 
times they  cease  with  the  nasal  symptoms,  but  in  many  other 
cases  last  for  weeks  or  even  months  after  the  catarrhal  attack. 

Etiology  and  Pathogenesis. — The  predisposing  cause  of  hay- 
fever  is  an  excessive  irritability  of  the  trigeminal  center  in  the 
pituitary  body,  due  to  the  presence  in  the  blood  of  toxic  waste- 
products.*  The  presence  of  these  toxic  wastes  is  in  turn  the 
result  of  hypoactivity  of  the  adrenal  system,  a  condition  which 
may  be  either  inherited  or  brought  on  by  diseases  of  an  adyn- 
amic type,  especially  those  of  childhood.*  The  proportion  of 
adrenoxidase  formed  being  inadequate,  catabolism  is  carried  on 
imperfectly  and  the  intermediate  wastes  that  are  constantly 
present  in  the  blood  sustain  the  hypersensitiveness  of  the  tri- 
geminal center.* 

As  a  result  of  this  trigeminal  oversensitiveness,*  the  mu- 
cous membranes,  particularly  those  nearest  the  pituitary  body,* 
i.e.,  the  nose  (when  the  seat  of  local  lesions,  hypertrophies, 
polypi,  exostoses,  etc.,  especially),  the  eyes,  pharynx,  ear,  and  in 
some  cases  the  entire  respiratory  tract,  are  hyperaesthetic.  Some 
patients  show  evidence  of  this  condition  by  fits  of  paroxysmal 
sneezing  throughout  the  year,  under  the  influence  of  certain 
irritants,  emanations,  etc.,  others  only  at  fixed  periods,  when 
certain  pollens  are  present  in  the  air  breathed.  The  patients  of 
the  latter  category  constitute  the  cases  of  "rose-cold"  that  occur 
in  May  or  June,  and  those  of  'Tiay-fever"  that  occur,  as  a  rule, 
in  August. 

That  liay-fever  is  a  neiirosis  was  first  sliown  by  George  W.  Beard, 
of  New  York,  in  1876,  while  the  role  of  pollen  as  the  most  frequent 
exciting  factor  was  demonstrated  the  following  year  by  Elias  Marsh, 
of  New  Jersey.  That  lesions,  growths,  polypi,  etc.,  play  an  important 
part  in  the  pathogenesis  of  some  cases,  was  demonstrated" by  W.  H.  Daly, 
of  Pittsburg,  in  1882,  and  in  1884  by  Harrison  Allen.  All  these  features 
of  the  problem  have  been  sustained  by  a  large  number  of  investigators. 

The  identity  of  the  underlying  cause  of  the  disease,  a  general 
adynamia,  was  demonstrated  by  myself  in  1885^^"  after  a  study  of  40 
cases.  Of  these,  nineteen  showed  a  clear  history  of  inherited  predis- 
position to  hay-fever,  asthma,  etc.,  while  the  rest  had  been  rendered 


*  Author's  conclusion. 

^  Sa.i'ous:    "Lectures  on  the  Diseases  of  the  Nose  and  Throat,"  p.  170,  1885. 
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vulnerable  by  a  large  number  of  diseases  of  childhood:  55  per  cent, 
having  had  six  of  these  diseases,  and  85  per  cent,  four  of  them.  This 
view  was  independently  sustained  by  Joal,"  Cartaz^*  and  others.  Fink'" 
holds  that  "the  patient  is  always  neurasthenic." 

Tlie  ubiquitous  result  of  such  adynamia,  i.e.,  defective  metabolism, 
as  manifested  by  the  "arthritisme"  of  French  authors  or  our  "gouty 
diathesis,"  has  been  noted  by  many  observers  since  Gueneau  and  Mussy 
(1868)  suggested  it.  Leflaive""  having  found  that  the  uric  acid  ratio 
of  the  urine  before  and  after  attacks  corresponded  with  that  of  gout, 
also  ascribed  the  disease  to  the  "gouty  diathesis."  Bishop,  of  Chicago, 
also  urged  this  view  in  1893.  Grube"^  emphasized  the  fact  that  "most 
cases  are  among  patients  having  gout  or  of  gouty  tendency,  or  with  a 
history  of  gout  in  the  family." 

The  next  factor,  the  hyperaesthesia  of  the  nasal  and  other  mucous 
membranes,  was  first  urged  by  John  O.  Roe,  of  Rochester,  in  1883,  and 
in  1884  by  J.  N.  Mackenzie,  of  Baltimore,  and  others,  the  last-named 
observer  concluding  that  there  was  also  "a  hypersesthetie  state  of 
(probably)  the  vasomotor  centers."  The  presence  of  "sensitive  areas" 
in  the  nose  may  in  fact  be  readily  discerned  with  the  aid  of  a  probe, 
and  has  formed  the  basis  of  remedial  measures. 

The  pathogenesis  I  submit  in  the  general  text  coincides,  therefore, 
with  all  the  strongest  doctrines  that  have  been  advanced,  and — a  sug- 
gestive fact — harmonizes  them  all.  As  to  the  role  of  the  pituitary 
body — which  contains,  according  to  my  views,  the  chief  trigeminal  cen- 
ter in  the  process — Cyon,  we  have  ceen,  found  that  the  nasal  mucous 
membrane  at  once  lost  its  usual  sensitiveness  (which,  on  irritation, 
provokes  sneezing,  lachrymation,  etc.)  after  the  pituitary  was  removed, 
and  that  even  the  most  active  stimulants,  ammonia,  for  example,  failed 
to  elicit  the  least  response." 

Treatment. — Prophylactic  Measures. — The  constitutional 

factor  of  the  disease  is  obviously  of  major  importance  in  this 
connection,  the  object  being  to  diminish,  by  a  judicious  diet, 
the  toxic  wastes  which  sustain  the  hypersensitiveness  of  the 
trigeminal  center.*  The  nearer  the  indications  for  gouty  sub- 
jects are  followed,  the  better  the  patient  fares.  The  reader  is 
referred  to  the  treatment  of  gout^^  for  the  prophylactic  meas- 
ures indicated. 

Of  equal  importance  is  a  thorough  examination  of  the 
nasal  cavities  and  the  correction  of  any  deformity  which,  when 
the  mucous  membrane  is  slightly  engorged  and  swollen,  causes 
opposite  surfaces  to  meet.  Polypi  are  not  infrequently  found 
in  hay-fever  cases;  their  removal  alone  affords  marked  relief; 
this  applies  likewise  to  sharp  exostoses.  On  the  whole,  any  dis- 
order of  the  nasal  cavities  tends  to  aggravate  the  hyperaesthesia, 

*  Author's  conclusion. 

"  Joal:    Revue  de  larvn.,  otol.,  et  rhin.,  vol.  xv,  pp.  273,  325,  1895. 

Cartaz:    Thgse  de  Paris,  1895. 

Fink:    Therap.  Monats.,  Bd.  xviii.  S.  175,  1904. 
<">  Leflaive:   Gaz.  des  hopitaiix,  vol.  Ixi,  p.  329,  1888. 
8^  Grube:    Lancet,  July  7,  1900. 
"2  Cf.  this  volume,  p.  1514. 
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and  should  be  removed.  If  the  probe  passed  gently  over  the 
nasal  mucous  membrane  indicates  the  presence  of  areas  that  are 
exquisitely  sensitive,  their  cauterization  by  the  electric  cautery 
or  acids  tends  greatly  to  prevent  the  attack,  especially  if  done 
within  two  or  three  weeks  before  the  periodical  onset. 

As  to  preventive  remedies,  those  which  provoke  destruction 
of  all  toxic  wastes  are  the  most  beneficial,  since  they  rid  the 
blood  of  the  cause  of  the  trigeminal  irritant.*  The  best  of 
these  is  thyroid  extract,  3  grains  (0.2  gm.),  three  times  a  day 
(during  meals)  in  adults,  reduced  after  the  fourth  day  to  2 
grains  (0.13  gm.),  thrice  daily.*  This  should  be  begun  about 
four  weeks  before  the  onset  of  the  periodical  paroxysm.* 
Strychnine,  in  doses  of  ^/4o  to  V20  grain  (0.0016  to  0.003  gm.), 
is  also  beneficial  in  some  cases  when  the  arterial  pressure  is  low. 
Digitaline,  in  doses  of  from  ^/.,„  to  Via  grain  (0.003  to  0.0065 
gm.),  during  breakfast  and  supper,  is  indicated  when  there 
is  simple  cardiac  dilation  owing  to  general  adynamia.* 
Atropine,  in  Vjoo  grain  (0.00065  gm.)  granules,  night  and 
morning,  by  enhancing  the  propulsive  activity  of  the  arterioles, 
increases  the  nutrition  of  the  nerve-centers,  including  those  of 
the  pituitary  body,*  but  its  action  on  the  pupil  renders  it  an 
objectionable  remedy.  Quinine  hydrochlorate,  3  grains  (0.2 
gm.),  after  meals,  fulfills  the  same  object  by  causing  a  rise  of  the 
blood-pressure.*  The  effects  of  these  two  remedies  are  ephem- 
eral, however,  and  the  first  three  are  much  to  be  preferred. 

An  important  feature  of  the  paroxysmal  period  as  well  as 
of  the  paroxysm  itself,  is  to  counteract  acidosis,  or  what  might 
be  termed  "ammoniosis,"  an  excess  of  ammonia — an  intermedi- 
ate waste  in  this  connection.  This  is  readily  accomplished  by 
the  use  of  Vichy  water  as  a  beverage,  a  quart  being  taken  dur- 
ing the  twenty-four  hours.*  The  osmotic  properties  of  the  body 
fluids  are  thus  preserved,  and  the  elimination  of  wastes  by  the 
urine,  intestine  and  sweat  is  facilitated.  The  same  end  is 
attained  by  drinking  daily  a  quart  of  spring  water  containing 
one  teaspoon ful  of  sodium  chloride  and  a  similar  quantity  of 
sodium  biearhonate* 

Strychnine,  atropine  and  quinine  have  heen  used  and  repommended 
by  others;    I  do  not  find  evidence  to  the  effect  that  thyroid  extract  or 


*  Aulhor's  conclusion. 
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digitalin  have  been  used  so  far,  except  by  myself.  In  suitable  cases  and 
when  the  dietetic  measures  recommended  were  carried  out  faithfully 
by  the  patient,  tliey  gave  the  best  results. 

The  importance  of  acidity  or  excessive  alkalinity  of  the  nasal  secre- 
tions in  the  pathogenesis  of  the  disease^  was  first  shown  by  D.  Braden 
Kyle,  of  Philadelphia,"''  who  writes  in  this  connection:  "That  the  chem- 
istry of  the  secretions  has  to  do  with  the  causal  factor,  I  have  illustrated 
in  a  number  of  cases  by  rapidly  changing  the  reaction  of  the  secretion 
either  from  acid  to  alkaline  or  alkaline  to  acid,  or  rendering  it  neutral, 
and  in  many  instances  I  have  been  able  either  partially  or  wholly  to 
cure  the  attack."  The  author  holds,  moreover,  that  in  a  certain  pro- 
portion of  cases,  the  ammoniacal  salts  eliminated  by  the  nasal  mucous 
membrane  act  as  irritants — sufficiently  so  in  fact  to  bring  on  an  attack. 
There  is  doubtless  considerable  truth  in  this  view,  since,  as  I  have 
shown  in  the  preceding  articles,  bronchitis  and  bronchial  asthma  are 
caused  by  a  vicarious  elimination  of  toxic  wastes  through  the  bronchial 
mucosa.  That  these  ammoniacal  salts  are  wastes  is  evident.  Allan- 
toin,  which  results  from  the  oxidation  of  uric  acid  by  potassium  per- 
manganate, for  example,  is  an  ammonia  derivative;  we  not  only  have 
the  uric  acid  in  the  blood-plasma  of  these  cases,  but  also  the  counter- 
part of  potassium  permanganate  as  a  powerful  oxidizing  agent,  viz. : 
adrenoxidase. 

Agents  Indicated  During  the  Attack. — The  paroxysm 
being  brought  on  refiexly  by  irritants  in  contact  with  the  mucosa 
of  the  upper  respiratory  tract,  tlie  morbid  process  is  as  follows : 
Sensory  impulses  are  transmitted  to  the  trigeminal  center  of 
the  posterior  pituitary;  this  center  being  hypersensitive,  the 
stricto-dilator  impulses  it  transmits  to  the  vasa  vasorum  of  the 
arterioles  of  the  mucous  membranes  are  so  energetic  that  these 
vessels  are  held  widely  dilated,  thus  causing  intense  congestion 
of  the  sinuses  of  the  nasal  mucosa  and  of  the  capillaries  of  the 
neighboring  organs — the  exciting  cause  of  the  distressing 
symptoms.* 

The  physiological  indication,  therefore,  is  to  provoke  con- 
striction of  the  arterioles  by  means  of  agents  which  excite  the 
sympathetic  center  sufficiently  to  enforce  it.*  This  may  be 
done  by  means  of  opnim,  acetanilid,  antipyrin  or  any  of  the 
analgesics,  in  fact,  since  it  is  by  causing  constriction  of  the 
arterioles  that  they  relieve  pain.*  Codeine  is  the  safest  of  the 
opiates,  and  may  be  given  in  doses  of  V4  grain  (0.016  gm.), 
four  times  in  the  twenty-four  hours.  Acetanilid,  in  5-grain  (0.3 
gm.)  doses,  may  be  given  three  times  daily,  ceasing  if  there  is 
any  tendency  to  cyanosis. 

The  best  effects  are  obtained  by  using  simultaneously  vaso- 


*  Antlwr's  ronrJiifiion. 

D.  Braden  Kyle:    Laryngoscope,  Sept.,  1903. 
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motor  depressants  and  sympathetic  stimulants.*  The-  first  of 
these,  hy  relaxing  all  arteries,  deplete  the  peripheral  capillaries 
— including  the  sinuses  of  the  nasal  mucosa — and  thus  facilitate 
constriction  of  the  arterioles  by  the  second  class  of  agents.* 
The  coal-tar  products  become  dangerous  under  these  condi- 
tions; but  codeine  and  atropine,  which  constrict  the  arterioles 
when  they  are  dilated,  are  not,  given  as  stated  above;  to  de- 
press the  vasomotor,  sodium  bromide  and  chloral  hydrate,  10 
grains  (0.6  gm.)  each  on  retiring,  or,  if  the  patient  is  ren- 
dered sleepy  in  the  day  time,  vcratrum  viride,  10  drops  (1905 
U.  S.  P.)  of  Norwood's  tincture,  may  be  used  instead. 

Whatever  remedy  is  used  during  the  paroxysm,  general 
metabolism  should  be  sustained,  avoiding  drugs  such  as  strych- 
nine and  digitalis,  which  increase  the  vascular  tension.  Thyroid 
extract,  2  grains  (0.13  gm.)  twice  daily,  is  the  best  agent  at  our 
disposal.*  Adrenal  substance,  5  grains  (0.3  gm.)  every  three 
hours,  has  been  recommended  by  several  observers. 

The  adrenal  substance  was  found  useful  by  S.  Solis-Cohen,'^  Bea- 
man  Douglass"^  and  others.  Interpreted  from  my  standpoint,  however, 
the  action  of  this  agent  can  only  be  ephemeral,  and  it  is  better  to  sus- 
tain the  production  of  the  adrenal  secretion  itself  by  means  of  thyroid. 

Local  Treatment. — The  main  feature  is  to  promote  con- 
traction of  the  nasal  sinuses  and  capillaries.  Cocaine,  if  used  at 
all,  should  be  applied  by  the  physician  only,  a  spray  of  a  10- 
per-cent.  solution  being  very  efficacious.  A  better  and  safer 
agent  is  adrenalin  chloride,  but  only  when  a  weak  solution,  1 
in  10,000,  is  used,  stronger  solutions  causing  such  violent  con- 
striction of  the  arterioles  (by  inciting  excessive  metabolism 
in  their  muscularis,  as  I  have  shown  in  the  eighteenth  chapter) 
that  they  become  exhausted  and  markedly  relaxed*  when  the 
reaction  occurs,  aggravating  the  trouble. 

To  protect  the  nasal  surface  against  the  irritation  of  pol- 
lens, dust,  smoke,  etc.,  a  solution  of  menthol  in  fluid  albolene, 
10  grains  (0.6  gm.)  to  the  ounce,  may  be  sprayed  over  the 
mucosa  after  using  the  adrenalin  solution.  It  tends  also  to 
perpetuate  the  effect  of  the  latter. 

Dunbar's  "pollantin"  cannot  be  taken  up  in  this  connection,  since 
I  have  no  data  upon  which  its  physiological  action  can  be  based.  The 

*  Author's  ronrlusion. 

"  S.  Solis-Cohen:    Phila.  Med.  Jour.,  Aug.  13,  1898. 
Beaman  Douglass:    N.  Y.  Med.  Jour.,  May  12,  1900. 
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results  have  been  excellent  according  to  some,  and  practically  nil  in  the 
hands  of  others.  Prausnitz""  states  that  Dunbar's  work  has  proven 
beyond  doubt  that  hay-fever  is  due  to  the  pollen  of  graminaceae,  which 
float  in  the  air  in  enormous  quantities  during  the  hay-fever  season. 
The  toxin  is  probably  of  proteid  character.  It  is  likely,  according  to 
Prausnitz,  that  the  antitoxin  of  Dunbar  acts  by  causing  an  actual 
diminution  of  the  toxins. 

Hurry  and  excitement  tend  to  enhance  the  trouble  by 
causing  an  accumulation  of  toxic  wastes  in  the  blood.  Another 
factor  which  tends  to  aggravate  the  central  hypersensitiveness 
is  bright  light;  hence  the  comfort  afforded  by  dark  glasses. 

PERTUSSIS. 
Synonym. — Whooping-cough. 

Definition. — Pertussis  is  an  infectious  disease  characterized 
by  a  violent  reflex  cough,  due  to  irritation  of  the  vagal  sensory 
terminals  in  the  mucous  membrane  of  the  respiratory  tract  by 
a  specific  germ  of  unknown  identity.* 

Symptoms. — After  a  period  of  incubation  of  from  four  days 
to  two  weeks,  a  coryza  and  cough  appears  which  soon  assumes  a 
paroxysmal  character.  The  cough  is  dry,  short  and  forcible — the 
face  becoming  highly  congested  and  cyanotic,  the  eyes  suffused, 
the  eyelids  puffed  up,  etc. — and  lasts  until  the  chest  is  prac- 
tically depleted  of  air.  This  is  followed  by  the  characteristic 
symptom  of  the  disease,  the  "whoop,"  due  to  unusually  vigorous 
inspiration.  A  clear,  viscid  mucus  is  then  brought  up,  often 
accompanied  by  emesis  of  the  contents  of  the  stomach,  and  by 
involuntary  micturition  and  defecation.  Several  of  such  at- 
tacks may  follow  in  rapid  succession,  the  child  becoming  livid 
and  falling  exhausted,  and  the  pulse  being  extremely  feeble  and 
rapid.  Such  attacks  occur  from  six  to  fifty  times  a  day  and  most 
frequently  at  night.  After  a  couple  of  weeks,  the  severity  of 
the  attacks  lessens  and  they  occur  less  frequently. 

In  most  cases  the  general  condition  of  the  child  remains 
relatively  good ;  in  others,  the  attacks  are  so  severe  that  haemor- 
rhages occur  in  the  conjunctiva,  eyelids,  brain,  etc.  Among 
other  complications  witnessed  are  broncho-pneumonia,  emphy- 
sema and  nephritis,  various  forms  of  paralysis,  and  convulsions. 


*  Author's  definition. 

""Prausnitz:    Berl.  klin.  Woch.,  Bd.  xlii,  S.  227,  1905. 
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Etiology  and  Pathogenesis. — Pertussis  is  due  to  tlie  pres- 
ence upon  the  mucous  membrane  of  the  respiratory  tract  of  an 
organism  of  unidentified  nature  (though  probably  Bordet  and 
Gengou's  recently  discovered  organism)  which,  owing  to  the 
irritating  character  of  its  toxin  or  endotoxin,  causes  violent  local 
irritation  and  reflex  cough.*  As  all  coughs  are  due  to  impulses 
transmitted  by  the  vagal  center  in  the  posterior  pituitary,*  it 
is  this  center  upon  which  the  brunt  of  the  disease  falls.* 

The  complications  are  not  due  to  the  pathogenic  element 
itself,  but  to  the  violence  of  the  muscular  phenomena,  skeletal 
and  vascular :  the  emphysema  is  due  to  the  centripetal  pressure 
of  the  air,  the  paralysis  to  cerebral  thrombi,  the  cardiac  dila- 
tion to  the  intense  blood-pressure,*  etc. 

There  is  a  certain  amount  of  absorption  of  the  toxin  since 
there  occurs  a  protective  reaction,  as  shown  by  the  rise  of  tem- 
perature (100°  to  101°  F.— 37.7°  to  38.3°  C.)  and  the  marked 
leucocytosis — both  of  which  indicate  that  the  adrenal  system  is 
hyperactive.* 

The  association  of  pertussis  with  irritation  of  various  parts  of 
the  respiratory  tract  has  been  suggested  by  a  number  of  observers. 
Ritter,'"  for  instance,  ascribed  it  to  what  he  termed  the  "diplocoecus 
tussis  convulsivae ;"  Arnheim"*  to  a  bacillus  resembling  that  of  influ- 
enza, first  described  by  Czaplewski,  found  in  patches  throughout  the 
respiratory  tract — the  identical  areas  which  Nothnagel  and  Kohts  had 
described  as  "cough  areas."  In  common  with  all  other  investigators, 
Burman  considers  these  hyperaesthetic  areas  as  the  sensory  terminals 
of  the  vagi.  The  minute  bacterium  recently  discovered  by  Bordet  and 
Gengou,™  which  differs  from  those  of  AfanassiefT,  Czaplewski,  Manica- 
tide,  Vincenzi  and  others,  proved  extremely  irritating  when  applied 
locally.  Injected  into  the  eye  of  a  dog,  it  caused  the  cornea  to  become 
white  and  opaque,  showing,  according  to  Bordet  and  Gengou,  that  the 
organism  probably  excreted  necrotizing  toxins. 

That  the  adrenal  system  is  overactive  during  the  disease  is  not 
only  shown,  as  stated,  by  the  febrile  reaction,  but  also  by  the  leucocy- 
tosis which,  as  stated  by  Churchill,™  is  present  in  almost  all  cases. 
Grulee  and  Phemister'"-  found  that  it  ranged  from  12,500  to  48,500  in 
a  series  of  fifteen  cases  studied  by  them. 

Treatment. — To  Increase  the  Bactericidal  Activity  of 
THE  Secretions  of  the  respiratory  tract  is  of  first  indication. 
Quinine,  in  large  doses,  15  to  20  grains  (1  to  1.3  gm.)  daily, 
doubtless  owes  its  value  to  the  fact  that  by  stimulating  the 

*  Author's  rnncluxion. 

<"  RittPr:    IMil.,  Bd.  xxxiii,  S.  1040,  1069,  1896. 
«8Arnheim:    Virchow's  Archiv,  Bd.  clxxiv,  S.  530,  1903. 

Bordet  and  Gengou:    Le  scalpel,  Sept.  2,  1906. 
'"Churchill:    Jour.  Amer.  Med.  Assoc.,  May  19,  1906. 
'1  Grulee  and  Phemister:    Archives  of  Pediatrics,  Aug.,  1905. 
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adrenal  S3'stem  and  the  sympathetic  center,  it  increases  the 
propulsive  activity  of  the  arterioles  and  thus  augments  the 
proportion  of  blood  rich  in  auto-antitoxin  into  all  capillaries, 
including  those  of  the  mucosa  of  the  respiratory  tract  and  its 
secretions.*  Belladonna  is  likewise  a  favorite  remedy,  ^/g  to 
V2  grain  (0.01  to  0.03  gm.),  according  to  the  age  of  the  child, 
being  given  three  times  daily.  Its  action  is  similar  to  that  of 
quinine,  as  to  the  arterioles.*  Creosote  carbonate  in  3-  to  10- 
grain  (0.2  to  0.6  gm.)  doses  thrice  daily,  is  an  efficient  remedy 
which  also  augments  the  auto-antitoxin  in  the  blood,  and  di- 
lates the  arterioles,  thus  admitting  also  a  larger  proportion  of 
blood  into  the  mucosa  and  its  secreting  elements.*  Creosote 
has  been  found  useful  when  inhaled,  and  may  be  advantage- 
ously employed  in  this  manner  while  the  carbonate  is  given 
internally. 

All  these  remedies,  excepting  the  creosote  carbonate,  are  familiar 
to  all  clinicians  in  this  connection,  and  are  only  mentioned  to  indicate 
their  physiological  action  according  to  my  views.  Kerley,'-  in  a  compara- 
tive study  of  752  cases,  found  quinine  in  large  doses  the  most  effective 
agent  among  those  mentioned  above.  Tyrrell"  also  regards  it  as  our 
best  remedy;   he  uses  the  hydroehlorate. 

Drugs  "which  Eeduce  the  Sensitiveness  of  the  Mucous 
Membranes  are  useful  to  reduce  the  number  of  paroxysms. 
Antipyrin,  which  has  been  found  useful,  insures  this  effect  by 
causing  constriction  of  the  arterioles;*  it  is  given  in  1-grain 
(0.065  gm.)  doses  for  each  year  of  the  child's  age  (the  maximum 
being  4  grains  [0.25  gm.]),  three  times  daily.  Acetanilid  is 
preferable  in  that  it  does  not  tend  to  cause  cyanosis  as  readily. 
The  sodium  or  potassium  bromide  accomplishes  the  same  object 
in  a  different  way,  viz.,  by  depressing  the  vasomotor  center  and 
causing  the  blood  to  recede  from  the  peripheral  capillaries.* 
Chloral  hydrate  produces  a  similar  effect*  and  is  useful  at  night 
to  prevent  the  nocturnal  paroxysms. 

These  remedies  give  the  pathogenic  germ  free  sway,  how- 
ever.* Their  pullulation  should  be  antagonized,  therefore,  by 
antiseptic  sprays  or  steam,  using  a  5  to  1000  solution  of  carbolic 
acid,  10  to  1000  solution  of  resorcin,  a  1  to  5000  of  corrosive 
sublimate,  or  better,  the  creosote  inhalations  previously  re- 
ferred to. 


*  Author's  conclusion. 

"Kerley:    Pediatrics,  May  1,  1900. 

"Tyrrell:    Medical  Record,  July  22,  1905. 
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A  very  efficient  measure  as  a  derivative  is  the  application  of 
hot  poultices  to  the  bacli:  of  the  lungs,  and  the  use  of  a  wide 
belt  to  constrict  the  abdomen  and  sustain  it  during  the 
paroxysms. 

The  hot  poultices  recommended  by  J.  Madison  Taylor  have  been 
found  of  considerable  value  by  McKee'*  and  others.  The  poultice  is 
made  large  enough  to  cover  the  posterior  surface  of  the  lungs,  and  on 
this  the  child  is  permitted  to  lie  for  one  hour  without  change.  Relief 
is  almost  immediate.  An  excellent  belt  is  that  devised  by  Kilmer'^  and 
sold  by  Jungmann  of  New  York. 

Fresh  air  and  out-of-door  life  are  as  beneficial  in  cases  of 
pertussis  as  they  are  in  tuberculosis.  Dust,  smoke,  tobacco 
smoke,  etc.,  greatly  aggravate  the  irritation  of  tlie  respiratory 
surfaces  and  increase  the  paroxysms.  The  child  should  be 
dressed  warmly,  and  should,  as  much  as  possible,  not  be  allowed 
to  become  excited. 

To  shorten  the  accesses,  Taylor's  combination  of  three 
parts  of  chloroform,  five  parts  of  ether,  and  one-half  to  one  part 
of  amyl  nitrite,  is  very  effective.  A  few  drops  of  the  mixture 
are  applied  on  a  handkerchief  and  held  under  the  nose.  The 
last-named  remedy  is  the  main  factor  in  the  effect  produced, 
acting  as  it  does  by  relaxing  the  excessive  vascular  tension. 

'iMcKee:    Phila.  Polyclinic,  Sept.  14,  1895. 
'5  Kilmer:    Archives  of  Pediatrics,  Feb.,  1907. 
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THE  INTERNAL  SECRETIONS  IN  THEIR  RELATIONS 
TO  PATHOGENESIS  AND  THERA- 
PEUTICS (Continued). 

THE  ADRENAL  SYSTEM  IN  THE  DISEASES  OF  THE 
ALIMENTARY  CANAL. 

The  series  of  diseases  embodied  in  the  present  chapter  is 
intended  to  illustrate  three  salient  facts:  (1)  the  cardinal  role 
which  the  intestinal  canal  fulfills  in  the  defence  of  the  bod)^  at 
large  against  infection  by  increasing,  when  necessary,  the  pro- 
portion of  auto-antitoxin  in  the  intestinal  juice;  (2)  that  cer- 
tain toxins,  endotoxins  or  other  poisons  can  depress  and  even 
paralyze  the  vasomotor  and  sympathetic  centers  precisely  as  is 
the  case  with  depressing  drugs;  and  (3)  the  fact  that  the 
deprivation  of  auto-antitoxin  which  maternal,  or  at  least  breast- 
milk,  entails  when  infants  are  hand-fed  accounts  for  the  fatality 
of  intestinal  diseases  among  them  besides,  as  already  shown  in 
the  preceding  chapter,  rendering  them  highly  vulnerable  to 
infection. 

CHOLERA  ASIATICA. 

Synonyms. — Epidemic  Cliolera;  Cholera  Algida;  Cholera 
Maligna. 

Definition. — Asiatic  cholera,  an  infectious  disease  caused 
by  Koch's  comma  bacillus,  is  due  to  paresis  of  the  test-organ 
and  the  vasomotor  and  sympathetic  centers  by  the  endotoxin  of 
this  pathogenic  organism.* 

Symptoms. — After  an  incubation  period  varying  from  two 
to  five  days,  the  disease  sets  in  by  a  premonitory  diarrhoea  often 
accompanied  by  slight  colicky  pain  and  borborygmus.  The  pa- 
tient feels  well  otherwise.  After  a  period  varying  from  a  few 
hours  to  a  few  days,  however,  he  becomes  weak,  experiences 
fleeting  cramps  in  the  extremities  and  chills,  and,  perhaps,  ver- 
tigo or  faintness.  This  is  accompanied  by  a  change  in  the  char- 
acter of  the  stools. 


*  Author's  definition. 
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This  introduces  the  stage  of  serous  diarrhoea,  in  which  the 
stools,  from  fgecal  or  bilious,  become  fluid  and  serous,  devoid  of 
fsecal  odor  and  laden  with  rice-like  flakes,  thus  constituting  the 
"rice-water"  stools.  Several  of  these  stools,  each  representing 
a  large  quantity  of  blood-serum,  may  be  passed  without  pain, 
but  soon  abdominal  cramps  are  experienced  and  vomiting  sets 
in — also  of  "rice-water" — accompanied  by  a  feeling  of  intense 
exhaustion.  Gradually  as  the  loss  of  serum  increases,  thirst 
becomes  greater,  until  it  is  intense  and  insatiable,  and  the  urine 
becomes  scanty  or  absent.  The  face  is  at  first  pale,  but  it  soon 
assumes  a  leaden  hue.  As  the  flux  increases,  the  patient  grows 
steadily  weaker,  the  pulse  being  small,  weak  and  rapid,  and  in 
some  cases  irregular.  The  muscular  cramps  may  also  become 
severe  and  the  extremities  cold.  This  may  prove  to  be  but  an 
attack  of  "choleraic  diarrhoea"  or  "cholerine,"  often  met  with 
during  cholera  epidemics.  If  this  be  the  case,  the  symptoms 
gradually  improve  and  the  patient  finally  recovers.  On  the  other 
hand,  collapse  may  occur  more  or  less  suddenly,  followed  by 
death.    Such  a  case  may  last  from  six  hours  to  two  days. 

If  the  case  prove  to  be  one  of  true  cholera,  it  lapses  into 
the  algid  stage.  As  described  by  a  clinician  who  has  observed 
many  such  cases,  "this  is  announced  by  a  lessened  frequency 
and  abundance  of  the  dejections,  which  sometimes  cease  alto- 
gether. In  a  few  hours,  however,  the  patient's  condition  grows 
rapidly  worse;  the  countenance  is  altered — the  cheeks  become 
hollow,  the  eyes  sink  deeper  in  the  sockets,  are  encircled  by  a 
black  ring;  there  are  pains  in  the  head,  ear-tinglings,  dizziness 
and  blurred  vision ;  the  voice  becomes  hoarse  and  is  soon  extin- 
guished. A  feeling  of  anxiety  assails  the  patient,  who  suffers 
from  the  most  excruciating  vomiting,  hiccough  and  cramps  in 
the  calves.  Cooling  of  the  surface  increases,  all  external  parts 
being,  as  it  were,  frozen ;  but  the  patient  feels  an  internal,  very 
troublesome  heat,  explained  by  the  fact  that  the  temperature 
of  the  skin,  mouth,  etc.,  is  much  lowered,  while  that  of  the  in- 
ternal organs  is  raised  and  even  febrile.  At  the  same  time  the 
skin  takes  a  bluish  tinge  with  black  marble-like  veins  coursing 
over  the  hands,  feet,  penis,  and  with  increasing  cyanotic  dark 
hue  of  the  nails.  The  pulse  becomes  weaker  and  smaller,  until 
it  disappears,  first  from  the  radial  arteries  and  then  from  the 
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crurals  and  even  the  carotids,  while  the  heart-beats  gradually 
disappear,  the  sounds  becoming  weaker  until  finally  only  the 
second  sound  is  heard.  To  this,  great  emaciation  is  added,  the 
body  growing  thin  and  the  skin  wrinkled.  Breathing  is  fre- 
quent and  difficult ;  every  secretion  is  dried  up,  with  the  excep- 
tion of  that  of  the  sudoriferous  glands,  a  cold  and  clammy 
sweat  covering  the  cutaneous  surface.  At  the  end  of  this  stage 
the  patient  becomes  extremely  apathetic  and  somnolent,  loses 
consciousness,  slowly  turning  his  eyes  toward  a  person  speaking 
to  him,  and  at  times  answering  some  words  with  great  fatigue, 
but  immediately  falling  again  into  stupor.  A  period  of  agita- 
tion, during  which  the  patient  tries  to  rise  and  utter  vague 
words,  sometimes  precedes  this  stage  of  collapse,  which  generally 
— in  more  than  three-fourths  of  all  the  cases — grows  worse,  and 
ends  in  death.  The  whole  duration  of  the  algid  stage  is  from 
a  few  hours  to  two  or  three  days." 

When  the  patient  survives  the  algid  stage,  the  reaction 
stage  begins,  i.e.,  general  improvement  of  all  the  symptoms  and 
after  a  few  days  convalescence.  In  some  cases,  however,  several 
of  the  symptoms  persist,  the  anuria,  hypothermia,  dyspnoea, 
etc.,  and  the  patient  may  suffer  a  relapse  which  may  prove  fatal. 
In  others,  again,  symptoms  recalling  those  of  typhoid  fever 
occur — the  so-called  "cholera-typhoid,"  attended  by  delirium, 
a  dry  tongue,  etc.  This  also  may  terminate  fatally.  Finally, 
the  convalescence  may  be  protracted  and  be  attended  by  various 
complications  which  include  many  forms  of  cutaneous  eruption, 
gastro-intestinal  disorders,  inflammatory  disorders  of  the  throat, 
lungs  and  brain,  cerebral  softening,  insanity,  tetany,  palsies,  etc. 

Various  clinical  types  occur,  but  they  difl^er  mainly  through 
the  intensity  of  the  symptoms.  Thus  cholera  siderans,  observed 
sometimes  in  India,  may  run  its  course  in  a  few  hours,  and  in 
rare  cases  in  a  few  minutes.  Again,  there  are  cases  in  which, 
there  is  no  diarrhoea,  the  so-called  dry  cholera,  the  absence  of 
flux  being  due  merely  to  the  fact  that  the  fluids  accumulate  in 
the  intestine,  because  paralysis  of  the  latter  prevents  their  ex- 
pulsion. 

The  clinician  referred  to  in  the  text  is  Professor  Rubino,  of 
Naples.'  He  clearly  defines  in  his  description  of  the  algid  stage  several 
features  which  are  of  special  importance  when  interpreted  from  my 
standpoint. 

1  Rubino:    Sajous's  "Analyt.    Cyclo.  of  Pract.  Med.,"  vol.  ii,  p.  210,  1898. 
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"  Pathog'enesis  and  Pathology. — Asiatic  cholera  is  due  to 
poisoning  by  an  endotoxin  contained  in  Koch's  comma  baciUus, 
which  is  hberated  after  death  and  disintegration  of  this  micro- 
organism. Although  infection  occurs  through  the  alimentary 
canal,  even  large  quantities  of  specific  bacteria  may  be  ingested 
and  be  found  in  the  stools  without  causing  the  disease,  provided 
the  functional  efficiency  of  the  body's  auto-protective  mechanism 
be  perfect.*  Children  are  vulnerable  to  cholera  because  this 
mechanism  is  not  fully  developed;  the  aged  are  vulnerable  be- 
cause it  has  become  weakened  in  them,  as  it  does  under  the 
influence  of  any  debilitating  condition,  ill-health,  overwork,  alco- 
holism, deficient  food,  etc.,  all  of  which  also  predispose  to  the 
disease.* 

The  gastric  juice  does  not  afford  protection  against  water- 
borne  cholera  bacilli  as  believed  by  some.  The  main  protective 
influence  is  exercised  by  the  auto-antitoxin  of  the  intestinal 
juice.* 

It  is  now  generally  recognized  that  the  poison  is  an  endotoxin  freed 
only  by  death  and  disintegration  of  the  germ.  Pfeiffer^  found  this  poi- 
son intensely  toxic.  Cantani  and  Gamaleia'  and  others  have  made  simi- 
lar observations.  Its  identity  is  not  established,  however,  but,  as  shown 
by  Nicati  and  Rietsch,*  Van  Ermengem,"^  Koch,  Pfeifler  and  other  in- 
vestigators, the  injection  of  pure  culture  of  the  bacillus  into  the  intes- 
tine or  the  peritoneal  cavity  of  animals  evokes  pathological  changes  and 
symptoms  similar  to  those  observed  in  cholera  Asiatica:  marked  weak- 
ness, feebleness  of  the  heart's  action,  marked  coldness  of  the  head  and 
extremities,  etc.  Moreover,  Koch's  bacillus  is  always  found  in  the  stools 
of  cases  of  Asiatic  cholera,  and  in  this  disease  onh/.  Pettenkofer  and 
Emmerich,  Hasterlik"  and  others,  however,  as  is  well  known,  not  only 
swallowed  without  evil  results  large  quantities  of  cholera  cultures,  but 
as  shown  below,  various  observers  have  found  that  normal  stools  may 
contain  virulent  cholera  vibrios  though  the  patient  show  no  sign  what- 
ever at  the  time  or  subsequently  of  cholera.  That  it  is  only  under  cer- 
tain predisposing  conditions,  therefore,  that  the  disease  can  develop,  is 
obvious.  As  stated  by  Tyson,'  "general  ill-health,  fatigue,  the  alcoholic 
habit,  depression  of  spirits,  fright  or  anxiety,  any  one  or  all  may  be 
predisposing  causes.  All  ages  and  sexes  are  liable  to  be  infected,  but 
young  children  seem  most  vulnerable,"  and,  I  would  add,  aged  people, 
the  poor  and  ill-fed  likewise. 

When,  therefore,  emigrants,  pilgrims,  etc.,  coming  from  regions  in 
which  the  disease  is  always  endemic,  as  it  is  on  the  borders  of  the 


*  Author's  conclusion. 
2pfeiffer:    Zeit.  f.  Hyg.  u.  Infects.,  Bd.  xi,  S.  393,  1891. 

3  Cantani:  Cited  by  Gamaleia:  Arch,  ds  med.  exper.  et  d'anat.  path.,  vol. 
iv,  p.  173,  1892. 

*  Nicati  and  Rietsch:    Arch,  de  physiol.  norm,  et  path.,  3  serie,  T.  vi,  p.  72, 

1885. 

5  Van  Ermengem:  Bull,  de  I'Acad.  roy.  de  med.  de  Beige,  3  serie,  T.  xviii, 
p.  1221,  1884. 

«Hasterlik:    Wiener  klin.  Woch.,  Bd.  vi,  S.  167,  1893. 
'Tyson:    "Practice  of  Medicine,"  third  edition,  p.  92,  1903. 
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Ganges,  into  communities  containing  such  debilitated  subjects,  especially 
when  the  local  hygienic  conditions  are  defective,  they  communicate  it 
to  them  indirectly,  i.e.,  through  the  intermediary  of  the  soil,  the  water 
and  the  food  which  thej'  contaminate  with  their  germ-laden  discharges, 
their  soiled  linen,  etc.  Rubino"  writes  in  this  connection:  ''Cholera 
vibrios  can  live  only  for  a  short  time  in  fsecal  matter,  seldom  longer 
than  two  or  three  days;"  .  .  .  "they  live,  on  the  contrary,  very 
long  in  the  soil,  especially  when  they  find  in  it  a  proper  nutritious 
material;  it  seems  rather  that  their  virulence  is  then  heightened,  the 
elaboration  of  their  poison  becoming  more  rapid  and  intense.  They  can 
live  also  on  the  outer  surface  of  fruits  and  vegetables  (the  duration 
being  then  from  one  to  six  days),  and  even  on  the  cut  surface  of  these, 
where  their  life  may  last  for  a  time  ranging  from  one  hour  (on  very 
acid  fruits)  to  two  weeks.  Cholera  vibrios  can  grow  freely  in  water, 
especially  when  it  is  stagnant  and  polluted  with  organic  matter."  This 
emphasizes  the  fact  that  infection  occurs  in  predisposed  individuals 
mainly  through  the  alimentary  canal,  when  the  true  cholera  vibrio, 
Koch's  comma  bacillus,  is  present. 

The  first  citadel  of  the  alimentary  canal,  the  stomach,  is  thought 
by  some  observers  to  protect  the  body  through  the  bacteriolytic  action 
of  its  gastric  juice.  Schultz-Schultzenstein"  found  that  water  contain- 
ing pepsin  and  traces  of  acid  killed  the  vibrio  if  .019  per  cent,  of  hydro- 
chloric acid  is  present,  and  that  in  75  per  cent,  of  his  experimental 
cases  600  c.c.  water  ingested  on  an  empty  stomach  became  bacterio- 
lytic, i.e.,  it  acquired  an  acidity  of  0.03  per  cent.  In  the  remaining  25 
per  cent.,  however,  it  was  only  .0142  per  cent. — a  solution  which  does 
not  kill  the  vibrio  even  in  one  and  one-half  hours.  Now  Howell'"  states 
that,  as  shown  by  von  Mering,  water  introduced  into  the  stomach  begins 
at  once  to  pass  out  into  the  intestine;  and  moreover,  that  when  500 
c.c.  of  water  were  given  to  a  large  dog,  by  the  mouth,  495  c.c.  had 
passed  into  the  duodenum,  and  out  through  a  fistula  in  the  latter,  within 
twenty-five  minutes.  It  is  evident,  therefore,  that  contaminated  water 
carries  the  pathogenic  organism  directly  to  the  intestine  in  at  least 
25  per  cent,  of  all  exposed  individuals.  The  gastric  juice  does  not  even 
protect  those  in  perfect  health,  since,  as  already  stated,  various  investi- 
gators have  found  bacilli  in  normal  stools  in  individuals  who  never 
developed  the  disease.  The  experiments  of  Pettenkofer  and  Emmerich 
on  themselves  demonstrate  the  same  fact.  An  abundance  of  cholera 
vibrios  having  been  found  in  their  stools,  their  gastric  secretions  evi- 
dently did  not  Icill  the  ingested  cultures. 

Conversely,  it  is  believed  that  the  alkaline  juice  of  the  intestine 
is  necessary  to  de\elop  the  germ,  and  that  it  is  a  suitable  culture  fluid. 
But  in  the  light  of  the  evidence  I  have  adduced  to  the  effect  that  the 
intestinal  juice  is  rich  in  trypsin,  nucleo-proteid  and  adrenoxidase,  this 
cannot  be  the  case.  This  accounts  for  the  fact  that  Klemperer"  found 
in  experiments  on  guinea-pigs,  rabbits  and  dogs,  that  the  normal  in- 
testine is  strongly  resistant  to  the  cholera  bacillus — an  action  which  he 
attributed  to  a  substance  he  found  in  the  epithelial  cells,  i.e.,  nucleinic 
acid  and  nuclein.  This  is  obviously  the  nucleo-proteid,  and  as  no  one 
would  deny  the  presence  of  trypsin  in  the  intestine,  nor  since  the  labors 
of  Pawlow,  Delezenne,  Camus  and  Gley,  and  others,  that  of  entero- 
kinase  (trypsin  plus  adrenoxidase),  tlie  three  constituents  of  the  diges- 
tive triad  which  in  the  blood  constitute  the  auto-antitoxm  are  evi- 
dently present.  It  is  the  intestinal  juice,  therefore,  which  is  the  fi^rst 
serious  barrier  to  infection. 

8  Rubino:    Loc.  cit. 

"Schultz-Schultzenstein:    Centralbl.  f.  Bakt.,  Bd.  xxx,  S.  785,  1901. 
1°  Howell:    "T.  B.  of  Physiol.,"  p.  698,  1905. 
"Klemperer:    Deut.  med.  Woch.,  Bd.  xx,  S.  435,  1894. 
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If  we  now  inquire  into  the  cause  of  this,  we  are  brought  back  to 
debility  of  the  adrenal  system,  the  result  of  the  many  untoward  con- 
ditions grouped  as  "predisposing  causes."  The  formation  of  adrenoxi- 
dase  being  deficient,  the  pancreas  and  the  leucocytogenic  organs  are  in- 
adequately nourished,  so  that  trypsin  and  nucleo-proteid  are  formed  in 
insufficient  quantities. 

Cholera  is  not,  as  generally  believed,  an  intestinal  disease,* 
the  symptoms  referable  to  the  alimentary  canal  being,  in  keep- 
ing with  all  the  other  characteristic  symptoms,  the  result*  of  a 
general  intoxication  by  the  endotoxin  of  the  coma  bacillus.  It 
is,  therefore,  by  penetrating  the  intestinal  walls  and  into  the 
body  fluids  that  the  comma  bacillus  provokes  the  disease.  As 
it  is  the  function  of  the  digestive  leucocytes  to  ingest  food- 
products  in  the  intestinal  canal  in  order  to  complete  the  diges- 
tive process  and  prepare  the  end-products  for  assimilation  by 
the  tissue-cells,*  they  ingest  likewise  in  the  intestine  what  bac- 
teria happen  to  be  present  in  the  food.  Infection  occurs  when 
this  intracellular  process  is  inadequate,  i.e.,  when  the  digestive 
leucocytes  ingest  living  comma  bacilli  which  they  are  unable  to 
digest  or  even  kill.* 

The  number  of  bacilli  ingested  by  leucocytes  is  not  a  promi- 
nent feature  of  their  inability  to  destroy  these  germs,  since 
enormous  quantities  of  the  latter  may  be  swallowed  by  a  man 
in  normal  health  without  giving  rise  to  the  disease.  The  ruling 
factor  of  infection  is  deficiency  of  the  digestive  triad:  trypsin, 
nucleo-proteid  and  adrenoxidase,  both  in  the  intestinal  juice 
and  in  the  digestive  leucocytes,  and  infection  occurs  when  the 
bacilli  have,  as  a  result,  remained  unaffected  by  the  bacterio- 
lytic action  of  these  bodies.*  It  is  not  in  the  blood,  as  now  be- 
lieved, that  the  organisms  proliferate  ;*  the  digestive  leuco- 
cytes carry  the  living  comma  bacilli  directly  to  the  lymph-spaces, 
as  if  they  had  been  digested  and  converted  into  tissue-cell  granu- 
lations.* Being  unassimilable,  however,  they  are  swept  away  as 
wastes  by  the  torpid  lymph-stream,  and  as  lymph  is  practically 
blood-serum,  and  an  excellent  medium  for  their  growth,  they 
rapidly  pullulate  therein.*  When,  with  the  lymph  current,  they 
reach  the  blood  and  ultimately  the  arterial  system,  they  are 
rapidly  killed  and  disintegrated,  and  their  endotoxin  being  lib- 
erated, general  intoxication  follows.* 


*  Author's  conclusion. 
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It  is  now  believed  that  cholera  is  essentially  an  intestinal  disease; 
yet,  as  observed  by  Karlinski'^  in  his  own  case,  while  studying  cholera 
in  Arabia,  the  comma  bacillus  can  be  present  in  one's  stools  without 
provoking  the  disease.  This  was  confirmed  by  Sawtschenko  and  Sabo- 
lotony,^'  Abel  and  Claussen,"  Rumpel^'^  and  other  observers.  Hasterlik^" 
repeated  on  himself  and  three  others  Pettenkofer's  experiment,  and  as 
was  the  case  with  the  latter,  sufl'ered  no  inconvenience,  though  the  bac- 
cilli  were  found  in  the  stools.  The  doses  were  gradually  increased  until 
one  of  the  experimenters  ingested  an  entire  culture  of  a  third  genera- 
tion. This  caused  abdominal  pain  and  diarrhoea  after  thirtj^-six  hours, 
but  nothing  more.  As  observed  by  Guttmann,"  Kolle''  and  others,  this 
was  true  cholera,  since  large  quantities  of  bacilli  were  found  in  the 
dejections,  and  many  such  cases  are  observed  during  epidemics. 

Again,  while  Pettenkofer,  Emmerich,  Hasterlik  and  his  associates 
observed  no  efl'ects  after  swallowing  large  quantities  of  comma  bacillus 
cultures,  Pfeiffer  and  PfuhF"  suffered  moderately  severe  attacks  of 
cholera  after  being  accidentally  inoculated  with  cultures.  Deaths  have 
also  occurred  from  this  cause.  As  "inoculation"  means  the  introduction 
into  the  blood  of  a  relatively  very  small  number  of  bacilli,  while  enor- 
mous quantities  of  them  were  included  in  the  cultures  swallowed,  it  is 
self-evident  that  it  must  be  in  the  body  fluids  that  the  proliferation 
occurs.  Indeed,  the  bacilli  were  found  in  Pfeiffer's  discharges  for  thirty- 
three  days  after  the  inoculation,  and  Thomas-"  has  shown  that  all  the 
symptoms  and  pathological  lesions  of  cholera  could  be  produced  in  rab- 
bits by  intravenous  injections  of  pure  cultures  of  comma  bacilli  obtained 
from  cholera  dejections. 

Now  is  it  in  the  blood,  as  generally  believed,  that  the  prolifera- 
tion of  the  bacteria  occurs?  Bacteriologists  have  found  that,  as  stated 
by  Vincenzi,^"-  "the  cholera  vibrio  develops  luxuriantly  in  the  blood- 
serum  of  healthy  animals"  in  vitro,  i.e.,  in  serum  deprived  of  its  bac- 
teriolytic activity  by  removal  of  its  cells.  This  does  not  mean  that  a 
similar  result  can  occur  in  the  blood-stream,  but  that  proliferation  can 
take  place  in  the  Z(/«ip/i-stream.  This  becomes  apparent  when  the  func- 
tions of  the  digestive  leucocytes,  as  I  have  described  them,  are  taken 
into  account.  Interpreted  from  this  standpoint,  every  leucocyte  which 
happens  to  ingest  one  or  more  living  bacilli  in  the  intestinal  canal 
becomes  a  source  of  infection,  an  inoculating  agent,  on  entering  the 
blood  if  it  docs  not  absorb  in  the  intestinal  canal  a  qualitatively  effi- 
cient supply  of  the  digestive  triad,  trypsin,  and  its  activators,  nucleo- 
proteid  and  adrenoxidase,  constituting  auto-antitoxin,  to  kill  the  micro- 
organisms. 

In  the  light  of  the  evidence  adduced  in  the  seventeenth  chapter, 
the  leucocytes  do  not  deposit  their  end-products  in  the  blood;  they 
leave  the  blood-stream  by  migrating  through  the  walls  of  the  capilla- 
ries and  deposit  them  in  the  tissue-spaces  in  contact  with  the  tissue- 
cells.  Unsuitable  products,  wastes,  etc. — including  the  cholera  vibrios 
in  this  condition — being  of  course  unabsorbed  by  the  latter,  they  are 
swept  away  by  the  lymph-stream.  Now  lymph  being,  as  stated  by 
Stewart,  practically  "blood  deprived  of  its  cells,"  i.e.,  serum,  we  have 


i^Karlinski:    Centralbl.  f.  Bakt.,  Bd.  xv,  S.  751,  1894. 

"  Sawtschenko  and  Sabolotony:  Centralbl.  f.  allg.  Pathol,  u.  pathol.  Anat., 
Bd.  iv,  S.  625,  1893. 

"Abel  and  Claussen:    Centralbl.  f.  Bakt.,  Bd.  xvii,  S.  77,  1895. 
IS  Rumpel:    Berl.  klin.  Woch.,  Bd.  xxxii,  S.  73,  1895. 
1"  Hasterlik:    Lor.  cit. 

"Guttmann:    Med.  Press  and  Circular,  Jan.  25,  1893. 

18  Kolle:    Zeit.  f.  Hyg.  u.  Infects.,  Bd.  xviii,  S.  42,  1894. 

"  Pfeiffer  and  Pfuhl:   Cited  in  Med.  Press  and  Circular,  Sept.  5,  1894. 
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'^Vincenzi:    Deut.  med.  Woch.,  Bd.  xix,  S.  41S,  1893. 
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in  the  torpid  current  of  the  lymph  vessels  a  vast  field  wherein,  at  the 
ideal  laboratory  temperature,  37°  C.  (98.6°  F.),  the  cholera  vibrio  can 
also  develop  "luxuriantly."  As  to  the  fact  that  the  germs  finally  reach 
the  blood,  Bosc^  found  that  the  blood-serum  of  severe  cases  contained 
"an  enormous  quantity"  of  a  substance  which,  injected  into  animals, 
produced  all  the  typical  signs  of  cholera  and  finally  death.  Tliis  poison 
was  evidently  derived  from  dead  bacilli,  for  serum  taken  from  the  cases 
which  furnished  the  poison  failed  to  develop  cultures. 

While  the  functional  debility  of  the  adrenal  system  is  the 
primary  cause  of  the  body's  vulnerability  to  the  disease  because 
the  specific  organisms  are  thus  allowed  to  reach  the  lymphatic 
vessels,  proliferate  therein  and  permeate  the  blood  with  their 
endotoxin.*  the  latter  gives  rise  to  the  SATnptoms  of  the  disease 
by  paralyzing  directly  the  functions  of  the  vasomotor  and  s}Tn- 
pathetic  centers. 

By  inhibiting  the  fimctions  of  the  vasomotor  center,  the 
cholera  endotoxin  causes,  indirectly,  dilation  of  all  vessels  of 
the  body,  and  therefore  accumulation  of  the  blood  in  the  great 
central  vessels,  particularly  those  of  the  splanchnic  area.*  The 
peripheral  vessels  and  capillaries  being  deprived  of  a  corre- 
sponding volimie  of  circulating  blood,  the  marked  SATnptoms  of 
ischremia  of  various  organs  appear:  coldness  and  pallor  as  to 
the  skin ;  vertigo  and  faintness  as  to  the  brain ;  weakness  and 
exhaustion  as  to  the  muscles ;  weakness  and  rapidity  of  the  car- 
diac action,  or  anuria  as  to  the  kidneys ;  and  dyspncea  as  to 
the  hmgs.*  Conversely,  the  accumulation  of  blood  in  the  deep 
trunks*  gives  rise  to  the  sensation  of  intense  internal  heat  and 
the  high  rectal  temperature,  which  may  reach  104:°  F.  (40°  C.) 
or  more. 

Inhibition  of  the  functions  of  the  general  sympathetic  cen- 
ter by  the  endotoxin,  coincides  with  the  appearance  of  the  serous 
diarrhoea.*  As  this  center  governs  the  caliber  of  the  arterioles, 
its  inhibition  causes  relaxation  of  all  these  terminal  vessels  and 
flooding  of  all  the  organs  they  supply.*  The  bulk  of  the  blood 
of  the  body  being  accumulated  in  the  greater  central  vessels,  i.e.. 
those  of  the  splanchnic  area,  however,  as  stated  above,  the  effects 
of  the  sympathetic  paresis  become  manifest  only  in  the  organs 
adjoining  the  congested  region,  and  the  vessels  of  which  are 
themselves  engorged  through  this  contiguity.*  As  the  vessels 
of  the  intestines  form  part  of  the  engorged  splanchnic  area, 

*  Author's  rovrhisinn. 

Bosc:    Annales  de  I'lnst.  Pasteur,  vol.  is,  p.  507,  1S95. 
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their  mucous  membrane  becomes  markedly  hyperaemic  and  the 
arterioles  of  its  secreting  elements  being  widely  dilated  and  re- 
laxed, the  blood-serum,  which  forms  the  liquid  portion  of  their 
secretion,  and  sometimes  pure  blood  literally  pour  into  the  in- 
testinal canal,  forming  the  serous  diarrhoea.*  Mixed  with  the 
discharge  are  rice-like  masses  composed  of  desquamated  epithe- 
lium, comma  bacilli  and  leucocytes. 

Other  symptoms  are  due  to  the  relaxation  of  the  arterioles, 
viz. :  the  cold  sweats  which  occur  before  the  blood  has  lost  much 
of  its  serum ;  the  abdominal  muscular  cramps,  owing  to  the 
admission  of  an  excess  of  blood-plasma  and  adrenoxidase  into 
the  muscular  elements;  the  hiccough  due  to  a  similar  condition 
of  the  diaphragmatic  muscles;  and  the  vomiting,  partly  caused 
by  the  accumulation,  in  the  stomach,  of  serous  fluids  similar  to 
those  eliminated  by  the  intestines.* 

In  the  first  volume'^  I  showed  by  means  of  a  chart  that  the  nine 
cardinal  symptoms  of  cholera  were  identical  to  those  that  follow  re- 
mo\-al  of  both  adrenals  in  mammals.  This  coincidences,  however,  only 
with  the  corresponding,  i.e.,  the  advanced  stage  of  the  disease,  when  the 
functions  of  the  adrenals  are  paralyzed.  Indeed,  the  violence  of  the 
morbid  phenomena  and  the  rapidity  with  which  they  lead  to  a  fatal 
issue  in  some  cases  indicate,  however,  that  other  general  centers  are 
primarily  assailed  by  the  poison.  This  rapid  course  cannot  be  due  to 
primary  paresis  of  the  adrenal  center,  since  the  disease  would  not  in 
that  case  cause  death  in  a  few  hours,  or  even  a  few  minutes,  as  observed 
in  some  instances.  Though  Strehl  and  Weiss-*  and  others  have  fovmd 
that  compression  of  the  adrenal  veins — thereby  arresting  the  supply  of 
adrenal  secretion — caused  an  immediate  fall  of  the  blood-pressure,  etc., 
it  is  nevertheless  true  that  the  circulation  of  the  adrenals  is  not  arrested 
even  by  paralysis  of  the  adrenal  center,  and  that  the  mere  passage  of 
blood  through  the  adrenals  is  sufficient  to  sustain  for  some  time,  though 
inadequately,  the  vital  process.  We  will  see  farther  on,  however,  that 
arrest  of  the  adrenal  circulation  finally  does  occur,  and  that  this  entails 
death. 

That  the  vasomotor  center  is  primarily  paralyzed  is  shown  by  the 
early  pallor,  which  occurs  coincidently  with  the  peripheral  hypothermia 
and  the  central  hypertliermia — the  skin  being  cold  while  the  rectal  tem- 
perature is  104°  F.  (40°  C.)  or  over.  This  points  to  accumulation  of 
the  blood  in  tlie  great  central  trunks,  the  splanchnic  area,  and  its  nor- 
mal consequence,  depletion  of  the  peripheral  capillaries.  This  interpre- 
tation meets  the  teachings  of  experimental  evidence,  for  PfeifTer,-"  basing 
his  opinion  on  the  effects  of  dead  bacilli  on  guinea-pigs,  concluded  that 
the  poisons  liberated  acted  as  paralyzants  to  the  centers  governing  the 
circulation  and  the  temperature.  It  accounts  also  for  various  para- 
doxical phenomena  that  prevailing  conceptions  fail  to  elucidate.  Thus 
Stiller,^"  during  the  Hamburg  epidemic  of  1892,  observed  the  disappear- 

*  Atithor's  conrhisilon. 
=3  Cf.  vol.  i,  p.  773. 

2*  Strehl  and  Weiss:    Arch.  f.  d.  ges.  Physiol.,  Bd.  Ixviii,  S.  107,  1901. 
=5pfeiffer:    Zeit.  f.  Hyg.  u.  Infekts.,  Bd.  xvi,  S.  268,  1894. 
2«  stiller:    Berl.  klin.  Woch.,  Bd.  xxx,  S.  181,  1893. 
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anee  of  a  splenic  swelling  in  each  of  three  cases  of  typhoid  fever  when 
the  patients  were  also  attacked  by  cholera.  Obviously,  the  splenic  swell- 
ing was  due  to  engorgement  incident  upon  the  fever,  the  deeper  vessels 
being  intensely  contracted;  as  soon  as  the  cholera  poison  depressed  the 
vasomotor  center  and  caused  relaxation  of  these  deeper  vessels,  the 
spleen  was  depleted;  there  was  a  simultaneous  fall  of  the  peripheral 
temperature  to  95°  F.  (35°  C. ),  and  the  organ  resumed  its  normal 
volume.  So  plain  also  is  the  depletion  of  the  peripheral  vessels,  that 
Klebs-'  was  led  to  conclude  that  contraction  of  the  arteries  was  a 
pathogenic  sign  of  cholera. 

Conversely,  as  observed  by  Simmonds-*  in  300  autopsies  at  the 
Hamburg  Hospital,  there  was  hypersemia  of  the  intestinal  serous  mem- 
brane; so  great  is  the  engorgement  of  the  intestinal  structures  at  times, 
that  blood  is  mixed  with  the  glandular  exudation,  as  noted  by  Gama- 
leia.^  Indeed,  as  is  well  known,  the  passages  are  sometimes  bloody. 
The  large  intestine  is  also,  as  stated  by  Rubino,'"  "extremely  liyperaemic." 
It  is  not  due  to  a  direct  action  of  the  bacilli  or  their  toxins  on  the 
intestine,  since  the  local  lesions  are  most  pronounced  late  in  the  dis- 
ease. Nor  is  the  congestion  restricted  to  the  intestine.  Rusi''  found 
microscopically  marked  engorgement  of  the  vessels  of  the  female  genital 
organs  with  extravasation.  The  cause  of  this  is  plain  when  we  take 
into  account  the  result  of  the  vasomotor  paresis,  i.e.,  accumulation  of 
blood  in  the  deep  vessels,  and  particularly  those  of  the  splanchnic  area. 

The  vasomotor  paresis  does  not  account,  however,  for  the  serous 
diarrhoea.  We  have  seen  that  a  number  of  familiar  drugs,  veratrum 
viride,  chloral,  the  bromides,  etc.,  also  depress  the  functional  activity 
of  the  vasomotor  center.*  In  to.xic  doses  they  also  cause  marked  periph- 
eral hypothermia,  a  high  central  temperature,  etc. — symptoms  similar 
to  those  just  described.  Yet  none  of  these  drugs,  even  in  toxic  doses, 
cause  the  serous  diarrhoea  or  flux;  the  cholera  endotoxin  must,  there- 
fore, provoke  this  symptom  in  another  way.  It  cannot  be  ascribed  to 
irritation  of  the  intestinal  canal  by  the  specific  microorganism;  for,  as 
we  have  seen,  the  normal  stools  of  individuals  in  good  health  can  con- 
tain virulent  cholera  vibrios,  though  no  signs  of  the  disease  appear. 
Moreover,  as  shown  by  Denj's  and  Sluys,'-  the  comma  bacillus  does  not 
alter  the  intestinal  mucous  membrane.  Cholera  occurring,  as  pointed 
out  above,  only  when  the  immimizing  properties  of  the  digestive  leuco- 
cytes and  blood  are  deficient,  and  when  the  endotoxin  of  the  dead  germs 
is  dififused  in  the  blood,  the  flux  can  only  be  due  to  paresis  of  the  center 
which  governs  the  flow  of  plasma  into  the  intestinal  secretory  elements. 
As  the  arterioles  are  the  vessels  which  supply  these  structures  with 
blood,  the  nerve-center  paralyzed  is  the  general  sympathetic  center.  That 
the  blood-serum  should,  under  these  conditions,  flow  in  such  quantities  as 
practically  to  deplete  the  whole  body  ( as  sho\vn  by  the  shrunken  con- 
dition of  the  latter  after  death)  is  self-evident. 

Inhibition  of  the  general  vasomotor  and  sympathetic  cen- 
ters is  not,  however,  the  immediate  cause  of  death.  This  is  due 
to  the  fact  that  the  loss  of  serum  gradually  causes  the  blood  to 
become  too  viscid  to  circulate  in  the  capillaries,  and  particu- 
larly, owing  to  their  extreme  minuteness,  in  those  of  the  adrenals. 

*  Author's  conclusion. 

2'Klebs:    Cited  by  Stiller:  Ibid. 

2ssimmonds:    Miinch.  med.  Woch.,  Bd.  xxxix,  S.  845,  1892. 
2»Gainaleia:    C.  r.  de  la  Soc.  de  biol.,  9  serie,  vol.  iv,  p.  739,  1892. 
2"  Riibino     Loc.  fit. 

siRusi:    Russ.  Zeit.  f.  Geburtsh.  u.  Gynak.,  Bd.  vii,  Hft.  i,  1904. 
=2  Denys  and  Sluys:    La  cellule,  Brussels,  vol.  x,  No.  1,  1894. 
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(See  colored  plate  opposite  page  32,  Vol.  I.)*  Hence  the  in- 
satiable thirst,  and  the  shrinking  of  the  body  as  the  loss  of 
fluid  increases;  and,  owing  to  gradual  cessation  of  adrenal 
functions,  the  algidity,  the  cyanosis,  the  darkness  of  the  blood,* 
and  the  steady  decline  of  all  vital  functions,  which  finally  cease 
when  the  physical  conditions  of  the  blood  are  such  that  the  latter 
can  no  longer  carry  on  its  functions.  The  main  cause  of  death 
which  asserts  itself,  therefore,  is  the  viscidity  of  the  plasma, 
which  prevents  its  circulation  in  the  capillaries,  including  those 
of  the  pituitary  and  adrenals* 

That  it  is  simply  to  the  lack  of  plasma,  including  of  course  its 
salts,  that  these  symptoms  are  due,  is  shown  not  only  by  the  highly 
beneficial  influence  of  intravenous  injections  of  saline  solution,  but  also 
by  the  excretions  and  the  condition  of  the  blood.  While  Rubino^^  states 
that  sodium  chloride  is  included  in  the  salts  found  in  the  rice-water 
stools,  Carrieu"*  found  the  urine  poor  in  chlorides  during  convalescence, 
thus  showing  a  loss  during  the  disease.  Gradually  as  the  patients  im- 
proved the  chlorides  were  found  to  increase.  Moxon^^  found  the  blood 
in  the  great  vessels  and  heart  "remarkably  viscid  and  tarry."  Renvers^" 
also  found  the  tissues  very  dry  and  the  blood  greatly  thickened.  That 
such  a  condition  of  the  blood  should  paralyze  function  is  self-evident. 
As  to  the  adrenals,  as  long  as  the  blood  can  circulate  freely  through 
them,  some  secretion  is  produced — even  though  the  adrenal  center  be 
paralyzed — as  it  does  when  the  gland  is  grafted  into  an  animal  from 
which  the  adrenals  have  been  removed.  Gradually  as  the  blood  thickens, 
however,  the  minuteness  of  the  intrinsic  vessels  of  these  organs  causes 
the  circulation  through  them  to  become  increasingly  difficult,  until  their 
secretion,  the  pabulum  vitcp,  is  no  longer  produced,  when  life  ceases. 

Treatment. — The  primary  effect  of  the  cholera  endotoxin 
being  to  depress  the  functions  of  the  body's  protective  mechan- 
ism, the  adrenal  system,  the  most  powerful  of  drugs  must  be 
employed  to  prevent  this  action,  viz.,  mercury.*  Calomel  has, 
in  fact,  given  excellent  results. 

Surgeon-General  Francis"  states,  referring  to  calomel,  recom- 
mended by  Ayres,  of  Hull,  that  Dr.  Alderson  in  1867  wrote  to  the 
Lancet,  pointing  out  that  statistics  showed  it  to  be  the  best,  and  that 
his  own  experience  (1865)  has  sustained  this  conclusion,  his  mortality 
being  15  to  20  per  cent,  lower  than  that  of  his  colleagues  who  depended 
upon  astringents  and  alcohol.  Calomel  was  also  found  very  beneficial 
by  Lieut.  Col.  F.  W.  A.  de  Fabeck  of  the  Indian  Medical  Service.  F. 
Peyre  Porcher^  recalled,  at  the  time  of  the  Hamburg  epidemic,  the 
treatment  recommended  by  Calhoun  also  many  years  before,  which,  he 
says,  though  heroic,  "obtained  far  superior  results  to  those  reported  as 


*  Author's  conclusion. 

Rubino:   Loc.  cit. 
^  Carrieu:    Nouveau  Montpelier  med.,  vol.  li,  pp.  788,  825,  1893. 
ssMoxon:   Fagge's  "Pract.  of  Med.,"  vol.  i,  p.  313,  1886. 
sfRenvers:    Deut.  med.  Woch.,  Bd.  xx,  S.  52,  1894. 
S7  Franris:    Med.  Press  and  Circular,  Sept.  23,  1896. 
=s  F.  Peyre  Porcher:    Med.  Record,  Nov.  26,  1892. 
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far  as  the  proportion  of  cured  cases  is  concerned."  The  method  was 
"calomel,  10  grains  (0.6  gm. )  ;  gum  camphor  and  tannin,  each  5  grains 
(0.3  gm. )  every  half-hour  or  hour,  as  the  urgency  of  the  symptoms 
demanded,  until  the  diarrhoea  was  checked  and  the  secretions  were  re- 
stored to  a  healthy  state."  Pasalsky™  found,  however,  that  the  tannin 
was  useless  without  the  calomel,  and  gave  10-grain  (O.G  gm. )  doses 
hourly  for  a  few  hours.  Porcher  used  the  calomel  alone  and  astringent 
injections,  plus  mustard,  to  abdomen  and  extremities,  and  he  states 
that  by  pursuing  this  plan  in  the  premonitory  stage,  he  did  not  lose  a 
single  patient.  Van  Hasselt*"  treated  51  cases  with  but  fifteen  deaths. 
He  advised  the  immediate  use  of  calomel,  not  forgetting  to  give  hydro- 
chloric acid  at  the  same  time.  Tlie  calomel  is  mixed  with  a  little  water 
and  gum  powder,  placing  the  mixture  on  thd  tongue,  thus  avoiding 
touching  the  teeth.  The  first  dose  is  1  gram  (15  gr. )  repeated  several 
limes.  Even  in  convalescence  0.01  gram  (Vo  gi'-)  is  given  hourly.  Ley- 
den*"-  ascribed  the  better  results  obtained  during  the  last  Hamburg 
epidemic  in  part  to  the  use  of  calomel.  Many  other  clinicians  have 
spoken  in  the  same  vein. 

Administered  by  the  mouth,  however,  especially  when  the 
serous  diarrhoea  has  begun,  the  drug  is  greatly  exposed  to  being 
washed  down  the  intestinal  canal  and  thus  fail  to  be  absorbed. 
The  effects  would  be  rendered  far  more  certain  and  prompt*  by 
giving  the  biniodide  of  mercury  intravenously,  the  quantity 
administered  being  at  least  ^/a  grain  (0.03  gm.)  frequently  re- 
peated, until  the  stools  become  greenish,  i.e.,  bile-stained.*  Dis- 
solved in  thirty  drops  of  warm,  sterilized  water,  this  quantity  can 
be  injected  into  the  veins  at  the  bend  of  the  elbow  without  caus- 
ing the  least  pain,  while  reaching  the  test-organ  within  a 
minute.* 

The  fact  that  calomel  administered  by  the  mouth  proves  ineffective 
— for  the  reason  suggested  in  the  general  text — has  caused  its  use  to 
be  abandoned  by  many  practitioners.  Thus  Surgeon-General  Francis*^ 
states  that  "many  practitioners  condemn  it,"  on  the  plea  that  "the 
drug  lies  inert  in  the  intestine."  The  mode  of  using  mercury  recom- 
mended above  is  used  in  the  treatment  of  syphilis.  Of  various  salts  of 
mercury  used  intravenously  in  this  disease  in  the  course  of  408  injec- 
tions, the  biniodide  was  found,  better  than  any,  to  meet  the  conditions 
of  this  procedure:  perfect  solubility;  failing  to  coagulate  albumin; 
ready  sterilizability ;    painlessness,  and  rapidity  of  action. 

Mercury  not  only  counteracts  the  paralyzing  influence  of 
the  cholera  bacillus  endotoxin  on  the  test-organ,  but  it  increases 
its  functional  activity,  thus  causing  an  accumulation  of  auto- 
antitoxin  in  the  blood.*  The  cholera  bacillus  being  easily  de- 
stroyed by  the  immunizing  constituents  of  the  blood,  the  infec- 

*  Author's  conclusion. 

sipasalsky:  St.  Peters.  Inaug.  Dis.,  No.  24,  p.  55,  1892-93;  Provincial  Med. 
Jour.,  Nov.  1,  1893. 

■•oVan  Hasselt:    Sajous's  "Annual  of  the  Univ.  Med.  Sci.,"  vol.  i,  D.  26,  1894. 
*iLeyden:    Deut.  med.  Woch.,  Bd.  xx,  S.  37,  1894. 
*2  Francis:   Loc.  cit. 
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tion  is  directly  antagonized.*  The  thyroidase  being  an  impor- 
tant factor  in  this  process  as  sensitizing  agent  (opsonin)  to 
facilitate  the  bactericidal  function  of  the  phagocytes,  thyroid 
extract,  10  grains  (0.6  gm.),  should  be  given  at  once  orally, 
followed  by  5-grain  (0.3  gm.)  doses  every  two  hours.* 

The  vulnerability  of  the  cholera  bacillus  was  shown  by  the  re- 
searches, among  others,  of  Pfeiffer  and  Vagedes,"  who  found  that  no 
other  germ  was  similarly  inhibited,  as  shown  by  the  hanging  drop.  A 
serum  employed  by  them  (the  counterpart  of  auto-antitoxin,  as  viewed 
from  my  standpoint)  was  diluted  in  fifty  times  its  qviantity  of  bouillon. 
The  microscope  showed  the  gradual  inhibition  of  the  activity  of  the 
cholera  bacilli  until  complete  inactivity  of  all  the  germs  present  oc- 
curred. This  action  is  even  more  violent  in  the  living  serum,  where 
the  germ  is  not  only  inhibited  but  destroyed. 

The  next  morbid  factor  to  overcome  is  the  paresis  of  the 
vascular  centers,  due  to  the  direct  action  of  the  cholera  endo- 
toxin.* This  is,  to  a  certain  extent,  overcome  by  the  mercury 
and  the  thyroid  extract,  both  of  which,  by  enhancing  the  func- 
tions of  the  adrenals,  cause  a  general  rise  of  the  blood-pressure.* 
An  active  agent  is  required,  however,  to  excite  the  sympathetic 
center,  in  order  to  cause  constriction  of  the  intestinal  arterioles 
which  are  allowing  the  serum  of  the  blood  to  escape  into  the 
intestines.*  The  best  agent  for  this  purpose  is  morphine,  which 
interferes  in  no  way  with  mercury  and  thyroid,*  and  also  tends 
to  relieve  the  suffering,  which  is  very  great. 

Some  theoretical  objections  have  been  raised  to  the  use  of  opium, 
but  its  physiological  action  having  remained  obscure  until  I  pointed  out 
its  action  on  the  sympathetic  center,  they  were  devoid  of  foundation. 
Eichhorst"  found  that  it  gave,  on  the  whole,  the  best  results  in  the 
epidemic  at  Konigsberg,  and  others  have  likewise  praised  it.  In  the 
light  of  the  views  submitted  above,  however,  it  should  only  be  regarded 
as  a  valuable  adjuvant,  since  it  does  not  influence  the  protective  process 
itself. 

The  curative  efficiency  of  all  these  agents  is  greatly  com- 
promised, however,  by  the  fact  that  early  in  the  course  of  the 
disease,  the  blood  becomes  increasingly  viscid  until  the  capillary 
circulation  is  rendered  practically  impossible.  Any  amount  of 
auto-antitoxin  and  any  number  of  phagocytes  which  the  mer- 
cury and  thyroid  extract  may  evoke  become  useless.  Hence  the 
overwhelming  importance  of  saline  solution  in  this  disease.  The 
great  error  made  usually,  however,  is  to  wait  until  the  algid 

*  Author's  conclusion. 
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stage  is  reached,  i.e.,  when  the  fatal  trend  has  begun.  It  should 
be  given  intravenously  at  a  temperature  of  not  less  than  110° 
F.  (43.3°  C.)  from  the  outset,^  beginning  vt^ith  a  few  ounces  at 
a  sitting*  and  increasing  to  one  or  two  quarts,  if  necessary, 
later  on. 

The  use  of  saline  solution  is  another  feature  which  was  empha- 
sized many  years  ago.  In  1831-32  O'Shaiighnessy,  writes  R.  H.  Cox," 
"proposed  to  combat  the  collapse  stage"  of  cholera  "by  means  of  intra- 
venous injections."  He  also  gave  the  following  analysis  of  the  blood: 
"  ( 1 )  A  material  diminution  of  the  water  of  the  blood  of  the  cholera 
patient,  the  specific  gravity  of  the  serum  ranging  from  1041  to  1054; 
(2)  a  notable  decrease  of  the  quantity  of  soluble  salts,  amounting,  as 
far  as  regards  the  serum,  to  a  mean  Lss  of  one-third  of  those  sub- 
stances; (3)  that  the  solid  constituents  of  the  erassamentum,  including 
its  salts,  retained  their  normal  proportions,  wanting  merely  water  to 
restore  it  to  the  normal  state;  and  (4)  that  the  dejections  were  alkaline 
and  albuminous,  and  contained  the  water  and  soluble  salts  in  which 
the  serum  of  the  blood  was  deficient."  Latta,  of  Edinburgh,  inspired  by 
these  conclusions,  "was  the  first  to  practice  intravenous  injection  in 
the  collapse  stage  of  cholera."  His  object,  however,  adds  Dr.  Cox,  "was 
not  to  supply  oxygen  to  the  blood,  but  to  replace  the  salines  and  water 
lost  from  it  by  the  purging  and  vomiting."  In  some  of  the  moribund 
cases  even,  detailed,  the  results  might  aptly  be  termed  resuscitations. 
The  highest  authorities,  Cantani,  Hayem,  Huchard,  Dehio,  Neumann  and 
others,  have  urged  the  great  value  of  saline  solution.  Hager,''"  after 
using  it  in  9C7  cases  in  Hamburg,  was  led  to  regard  it  as  the  only 
remedy  of  value  during  the  algid  stage.  Heyse"  likewise  found  intra- 
venous injections  alone  to  give  good  results.  Gagen-Torn,^"  after  using 
intravenous  injections  of  saline  solution  in  209  cases  with  a  mortality 
of  only  15  per  cent.,  concludes  that  "the  injections  should  be  given  as 
early  as  possible;  during  the  stage  of  reaction,  they  are  of  but  little 
use." 

Other  remedies  are  capable  of  exciting  the  adrenal  system 
during  the  acute  stage — those  enumerated  under  the  next  head- 
ing— but  none  can  be  said  to  fulfill  the  object  as  perfectly  as 
mercury  and  thyroid  extract. 

Prophylaxis. — The  vulnerability  to  Asiatic  cholera  depends, 
in  the  light  of  my  views,  upon  the  efficiency  of  the  adrenal  sys- 
tem.* As  this  may  be  raised  by  a  number  of  drugs  which,  by 
exciting  the  test-organ  and  through  it  the  adreno-thyroid  center, 
increase  markedly  the  blood's  asset  in  auto-antitoxin,  it  may  be 
said  that  it  is  within  our  power  to  immunize  ourselves  during  an 
epidemic*  Thyroid  extract  is  the  most  active  adrenal  stimu- 
lant of  all,  and  adds  opsonin  to  the  blood;  it  is,  therefore, 

*  Author's  conchinion. 
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clearly  indicated.*  Iodine  and  the  iodides  are  nearly  as  effi- 
cient;* cocaine  is  a  powerful  adrenal  stimulant,*  but  the  danger 
of  the  cocaine  habit  must  not  be  overlooked;  belladonna  is  like- 
wise an  adrenal  stimulant,*  but  its  action  on  vision  precludes  its 
use  in  sufficiently  large  quantities  to  afford  protection.  Strych- 
nine is  less  effective  than  either  of  the  above,  though  valuable 
for  continuous  use,  especially  with  quinine  hydrocMorate* — 
but  not  in  large  doses  as  to  the  latter,  since  the  leucocytes  must 
not  be  endangered. 

Alcohol,  which  deoxidizes  the  blood,  and  heavy  smoking 
(nicotine  being  a  powerful  adrenal  depressant)  should  be  avoided 
during  a  cholera  epidemic,*  but  coffee  is  beneficial,  being,  like 
strychnine  and  adrenal  extract,  a  vasomotor  stimulant.* 

CHOLERA  MORBUS. 

Synonyms — Cholera  Nostras;  Sporadic  Cholera. 

Definition. — Cholera  nostras,  a  sporadic  non-infectious  dis- 
ease resembling  greatly  Asiatic  cholera,  though  seldom  fatal,  is 
due  to  marked  depression  of  the  adrenal  vasomotor  and  sym- 
pathetic centers  by  certain  poisons  derived  from  decomposing 
foods,  sheli-fish,  etc.,  and  the  toxins  or  endotoxins  of  certain 
bacteria,  some  of  which  present  the  characteristics  of  Koch's 
comma  bacillus.** 

Symptoms. — The  attack  usually  comes  on  suddenly,  the 
earliest  symptoms  being,  as  a  rule,  slight  faintness,  fleeting 
griping  abdominal  pain  and  nausea.  These  symptoms  gradually 
grow  more  intense,  and  are  finally  replaced  by  severe  cramps  in 
the  abdomen,  and  sometimes  in  the  extremities,  with  purging 
and  vomiting,  and  marked  tendency  to  fainting.  The  body  and 
particularly  the  face  become  very  cold  and  covered  with  cold 
sweat,  and  the  surface  temperature  may  be  reduced  several  de- 
grees. There  is  extreme  pallor,  and  sometimes  cyanosis,  the 
eyes  being  sunken  and  dull.  The  pulse  becomes  rapid  and  weak, 
and  in  severe  cases  may  be  irregular.  The  patient  experiences 
a  sensation  of  extreme  illness  and  prostration;  his  sufferings 
are  indeed  very  acute. 

At  first  the  vomited  material  is  composed  of  what  aliments 
may  have  remained  in  the  stomach,  but  soon  it  becomes  viscid 

*  Author's  conclusion. 
**Author's  definition. 
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and  bile-like,  then  clear  and  serous.  The  stools  also  at  first 
contain  normal,  though  dilute,  excrementitious  products,  but 
they  finally  become  watery  and  may,  in  severe  cases,  present  all 
the  characteristics  of  the  rice-water  discharges  of  Asiatic  chol- 
era. The  urine  is  usually  scanty  and  may  even  be  absent,  though 
the  patient  suffers  from  intense  thirst.  This  is  aggravated  by 
the  fact  that  the  salivary  secretion  is  likewise  reduced. 

In  the  majority  of  cases  witnessed,  these  symptoms  last 
from  twelve  to  twenty-four  hours,  then  gradually  subside,  leav- 
ing the  patient  weak  and  pale  for  a  few  days.  It  seldom  proves 
fatal,  except  in  very  young,  old,  or  debilitated  subjects. 

The  choleraic  diarrhoea  observed  in  Europe  and  Asia  includes  all 
the  above  phenomena,  but  they  come  on  slowly  and  persist  several  days 
or  even  weeks,  collapse  occurring  in  some  instances  in  from  four  to  six 
days.  An  attack  of  cholera  morbus  may  be  imattended  by  pain,  as 
shown  by  a  severe  case  reported  by  G.  G.  Speer.*" 

Pathogenesis  and  Pathology. — Cholera  morbus  is  usually 
caused  by  poisons,  bacterial  toxins  or  endotoxins,  including  that 
of  the  comma  bacillus,  ptomaines  or  leucomains,  which  are  in- 
gested with  beverages  or  decomposed  foods,  especially  shell-fish 
and  cheese,  etc.,  and  which  the  gastro-intestinal  secretions  and 
the  digestive  leucocytes  fail  to  convert  into  benign  assimilable 
end-products.  Once  in  the  blood  they  depress  markedly  the 
functions  of  the  test-organ,  i.e.,  of  the  adrenal  system,  and  those 
of  the  vasomotor  and  sympathetic  centers.*  As  a  result  there 
is  general  relaxation  of  the  vessels  throughout  the  body  and 
retrocession  and  accumulation  of  the  blood  in  the  deeper  arte- 
ries, especially  those  of  the  great  splanchnic  area.  The  arte- 
rioles being  simultaneously  relaxed  through  the  paresis  of  the 
sympathetic  center,  the  glandular  elements  of  the  skin  and  of 
the  alimentary  canal  are  flooded  with  blood-serum,  the  source 
of  the  fluids  which  constitute  their  secretions.*  Hence  the 
profuse  sweating,  vomiting,  purging  and  the  copious  serous  dis- 
charge.* 

At  first  there  is  considerable  irritation  of  the  gastro-intestinal 
mucosa.  The  intestinal  hyperaemia  witnessed,  however,  is  not  due  to 
this  enteritis,  as  text-books  teach,  but  to  relaxation  of  the  vascular 
elements.  Rubino™  states  that  "the  essential  pathological  conditions 
involved  are  a  morbidly  sensitive  condition  of  the  mucous  membrane  of 
the  alimentary  canal,  a  general  impairment  of  the  tonicity  of  tissues 

*  Author's  conclusion. 

■«>  G.  G.  Speer:    Amer.  Medicine,  Oct.  25,  1902. 

si'Rubino:    Sajous's  "Analyt.  Cyclo.  of  Pract.  Med.,"  vol.  ii,  p.  242,  1898. 
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Avith  deficient  oxygenation  of  the  blood,  and  so  decided  an  impairment 
of  the  vasomotor  nervous  influence  over  the  vessels  of  the  mucous  mem- 
branes of  the  stomach  and  intestines  as  to  allow  copious  exudation  of 
the  serous  elements  of  the  blood."  The  morbid  sensitiveness  to  which 
he  refers  is,  in  the  light  of  my  views,  the  result  of  a  temporary  inability 
on  the  part  of  the  sufferer's  adrenal  system  to  adequately  protect  him. 
Excessively  warm  weather,  fatigue,  cold  and  damp,  etc.,  are  all  condi- 
tions which  debilitate  the  organism  and  thus  predispose  it  to  cholera 
morbus  if  one  of  the  pathogenic  elements  happens  to  be  ingested.  This 
does  not  mean,  of  course,  that  a  sufficiently  large  quantity  of  poison  will 
not  prove  pathogenic  to  a  normal  subject.  Many  such  cases  are  wit- 
nessed. 

In  some  cases,  irrespective  of  any  Asiati"  cholera  epidemic,  germs 
very  similar  to  Koch's  comma  bacillus  are  found  in  the  evacuations. 
Cases  of  this  kind  have  been  reported  by  Finkler  and  Prior,  and  Gilbert 
and  Girode."  Talamon''-  found,  in  fact,  the  typical  bacillus,  and  held 
that  "cholera  nostras  and  cholera  Asiatica  were  one  and  the  same  dis- 
ease." Deaths  from  cases  of  this  kind  have  been  reported  by  Style,^* 
Hobbs^''  and  others. 

Treatment. — Opium  almost  fulfills  the  role  of  a  specific  in 
this  disease,  owing  to  its  stimulating  action  on  the  sympathetic 
center.*  All  the  peripheral  arterioles  being  soon  restored  to 
their  normal  caliber,  the  serous  effusion  ceases,  and  the  blood- 
pressure  being  raised  by  the  restitution  of  the  normal  resistance 
to  the  blood-stream,  all  the  nerve-centers,  general  and  sub- 
sidiary, receive  more  blood  and  resume  their  normal  functions.* 
To  obtain  this  effect,  not  less  than  14  grain  (0.016  gm.)  of 
morpliine  should  be  administered  hypodermically  in  an  adult. 
The  camphorated  tincture  of  opium,  paregoric,  two  to  three  tea- 
spoonfuls  in  a  half  tumblerful  of  water,  is  also  very  efficient. 
These  doses  should  be  repeated  if  necessary.  Atropine  has  been 
found  of  special  value  in  severe  cases  in  ^/^.^^-grsm  (0.00054 
gm.)  doses.  It  is,  like  morphine,  a  powerful  stimulant  of  the 
sympathetic  center,*  and  may  be  given  simultaneously.  Calo- 
mel, owing  to  the  energy  with  which  it  stimulates  the  adrenal 
center,  promptly  restores  the  patient  to  his  normal  condition 
when  given  in  ^/^^-grain  (0.0065  gm.)  doses  every  hour  three 
or  four  times. 

Atropine  was  recommended  by  Hueppe'"  for  cases  in  which  the 
signs  of  intoxication  are  severe.  Waugh^^"  states  that  symptoms  of 
cholera  morbus  subside  promptly  after  a  hypodermic  injection  of  '^/^j 
grain  (0.00049  gm.)  of  atropine,  repeated  if  necessary.    He  also  found 


*  Author's  conclusion. 

^1  GUbert  and  Girode:  Le  buH.  med.,  vol.  v,  p.  119,  1891. 
^^Talamon:  La  med.  moderne,  vol.  iii,  p.  543,  1892. 

Style:    Lancet,  Aug.  28,  1897. 
^  Hobbs:    La  semaine  med.,  vol.  xvii,  p.  437,  1897. 

Hueppe:    Sa.ious's  "Annual,"  vol.  i.  D.,  p.  25,  1891. 
»'Waugh:   Medical  Council,  Aug.,  1903. 
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grain  (0.0033  gm. )  of  calomel  every  fifteen  minutes  very  efficient. 
Most  authors  recommend  hot  aiomatics,  ginger,  capsicum,  etc.  Others 
mention  nitroglycerin  among  the  agents  tried — in  vain,  of  course.  That 
all  drugs  capable  of  still  further  increasing  the  vasodilation  should  be 
avoided  is  self-evident. 

In  severe  cases  the  great  loss  of  fluids  causes  the  blood  to 
become  viscid,  and  to  lose  much  of  its  plasmatic  saline  constit- 
uents ;  its  osmotic  properties  are  therefore  greatly  impaired,  and 
life  is  endangered.  Intravenous  injections  of  saliiie  solution 
act  promptly  under  these  conditions ;  three  to  four  pints — each 
pint  containing  one  teaspoonful  of  common  salt — may  be  in- 
jected at  a  sitting. 

A  number  of  cases  have  been  reported  in  which  this  measure 
actually  saved  life.  In  a  case  reported  by  John  Callan"  all  the  standard 
remedies,  including  morphine  and  belladonna,  had  been  tried  in  vain. 
When  the  patient  had  about  become  pulseless  and  his  temperature  had 
fallen  to  9.5.5°  F.  (35.3°  C),  three  pints  of  saline  solution  at  106°  F. 
(41.1°  C.)  were  injected  into  the  median  cephalic  vein.  Consciousness 
returned  before  the  third  pint  had  been  used,  and  the  pulse  was  soon 
beating  normally. 

CHOLERA  INFANTUM. 

Synoxyms.— /n/a«^t7e  Cholera;  Acute  Catarrhal  Enteritis. 

Definition. — Cholera  infantum,  a  comparatively  rare  form 
of  infantile  diarrhoea  which  symptomatically  closely  resembles 
Asiatic  cholera,  is  due  to  paresis  of  the  adrenal,  vasomotor,  and 
sympathetic  centers  by  various  kinds  of  poisons,  especially  those 
ingested  with  or  formed  in  milk.  It  is  usually  met  with  in 
hand-fed  infants.* 

Symptoms. — After  a  period  of  restlessness  and  perhaps  a 
slight  diarrhcea  with  some  abdominal  pain,  the  child  begins  to 
vomit  and  purge  with  steadily  increasing  frequency.  The  tem- 
perature rises,  but  in  the  rectum_  only,  where  it  may  ultimately 
reach  105°  F.  (40.5°  C),  the  skin  being  cold  and  clammy — a 
condition  recalling  the  algid  stage  of  Asiatic  cholera.  The  pulse 
is  weak  and  rapid;  the  respiration  is  irregular  or  of  the  Cheyne- 
Stokes  type.  The  infant  fairly  fades  away,  its  weight  and 
strength  decreasing  rapidly  and  its  fontanelles  becoming  deeply 
depressed.  It  is  at  first  very  pale,  then  grayish,  the  eyes  being 
sunken  and  encircled  with  black  rings.  Restlessness  is  marked, 
a  fact  due  to  abdominal  and  muscular  cramps,  the  abdomen 

*  Author's  definition. 

^■^  John  CaUan:  New  Orleans  Med.  and  Surg.  Jour.,  Jan.,  1896. 
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being  retracted  and  the  limbs  in  some  cases  being  drawn  up 
suddenly,  then  violently  extended.  Convulsions  may  occur,  the 
head  being  retracted.  Thirst  is  extreme — a  symptom  aggravated 
in  some  cases  by  the  fact  that  all  foods  and  liquids  are  vomited. 
The  urine  is  scanty  and  sometimes  suppressed.  In  some  cases 
there  is  marked  apathy,  and  the  patient  lies  in  a  semi-comatose 
condition ;  the  pupils  are  unequal  and  sluggish.  The  material 
vomited  is  at  first  composed  of  bile-stained  mucus,  but  it  soon 
becomes  serous;  the  first  stools  are  usually  faecal,  then  perhaps 
greenish,  but  finally  they  also  become  serous  and  exceedingly 
copious  and  exhausting. 

Collapse  may  occur  in  from  a  few  hours  to  a  couple  of  days. 
The  decline  is  marked  by  gradual  cessation  of  the  acute  symp- 
toms and  lowering  of  the  temperature.  As  the  end  is  approach- 
ing, however,  the  latter  may  become  very  high — 107°  to  108°  F. 
(41.6°  to  42.2°  C.) — and  convulsions  may  supervene,  the  child 
then  lapsing  into  lethal  coma. 

Although  the  mortality  of  cholera  infantum  is  very  large, 
the  prognosis  is  not  altogether  hopeless.  The  tide  may  turn 
during  the  first  twent3'-four  hours,  all  the  symptoms  gradually 
disappearing.  Eelapses  are  not  uncommon,  however,  and  con- 
valescence is  slow. 

Pathogenesis  and  Pathology. — Cholera  infantum  is  due  to 
intoxication  by  various  kinds  of  poisons,  bacterial  toxins  and 
endotoxins,  ptomains,  leucomains,  tyrotoxin,  etc.,  ingested  with, 
or  derived  from,  food-stuffs.  It  is  usually  met  with  in  hand-fed 
infants,  and  when  observed  in  nurslings,  is  the  result  of  a  toxic 
condition  of  the  milk  due  to  indisposition  of  the  nurse.  The 
majority  of  cases  occur  during  hot  weather,  when  foods,  includ- 
ing milk,  are  most  apt  to  undergo  putrefactive  changes  leading 
to  the  formation  of  poisons,  or  to  become  contaminated  by  dust, 
bacteria,  flies,  etc.  The  gastro-intestinal  juices  of  infants  being 
deficient  in  auto-antitoxin* — since  the  mother's  milk  is  nor- 
mally aseptic  and  provides  her  nursling  with  the  auto-antitoxin 
its  intestines  and  body  require* — the  intestinal  poisons  are 
absorbed. 

Once  in  the  blood,  the  poisons  provoke,  as  in  cholera  mor- 
bus of  adults,  paresis  of  the  test-organ  and  of  the  vasomotor 
and  sympathetic  centers.* 


*  Author's  conclusion. 
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General  vasodilation  being  thus  produced,  the  blood  re- 
cedes from  the  surface  to  the  great  central  vessels,  the  cutaneous 
capillaries  being  practically  depleted.*  Hence  the  high  rectal 
temperature  and  the  simultaneous  coolness  of  the  surface,  which 
later  assumes  the  algidity  of  the  corresponding  period  of  Asiatic 
cholera.*  This  symptom  is  aggravated  by  the  lowered  oxygena- 
tion which  the  paresis  of  the  adrenal  center  entails.* 

The  gastro-intestinal  flux,  the  most  striking  symptom  of  the 
disease,  is  due  to  the  paresis  of  the  sympathetic  center,  i.e.,  to 
the  resulting  dilation  of  the  arterioles  they  govern.*  The 
gastro-intestinal  capillaries  being  engorged,  the  blood-serum 
escapes  in  large  quantities  through  the  mucosa  and  is  voided  as 
soon  as  a  sufficient  amount  has  accumulated  in  the  stomach  or 
intestine.    Hence  the  serous  character  of  the  stools. 

The  terminal  convulsions  are  due  to  the  accumulation  of 
waste-products  in  the  blood,  owing  to  the  lowered  oxygenation.* 
It  denotes  resumption  of  the  adrenal  functions,  to  such  a  degree 
som.etimes,  that  the  excessive  temperature  referred  to,  105°  to 
108°  F.  (40.5°  to  42.2°  C),  is  brought  about.*  This  would 
prove  a  life-saving  reaction  were  it  not  for  another  pathological 
condition,  viz.,  the  viscid  condition  of  the  blood  caused  by  the 
loss  of  serum  and  of  the  salts  it  contains.  Its  osmotic  proper- 
ties being  greatly  impaired,  it  can  no  longer  penetrate  the  capil- 
lary walls  to  bathe  the  cellular  elements  and  sustain  life.* 

Many  pediatrists  and  bacteriologists  have  closely  studied  the  bac- 
teriology of  cholera  infantum,  but  the  consensus  of  opinion  at  the  pres- 
ent time  is  that  it  cannot  be  attributed  to  a  specific  bacterium.  That 
various  microorganisms  may,  either  through  their  toxins  or  the  decom- 
position they  promote  in  the  ingesta  and  other  factors  enumerated  in 
the  text,  cause  the  disease,  is  generally  recognized.  As  stated  by 
Blackader,^'  "there  are  very  few  changes  found  after  death  either  in  the 
intestinal  canal  or  in  any  of  the  organs" — a  fact  which,  in  view  of  the 
violence  of  the  symptoms,  relegates  us  to  the  nervoiis  system.  Indeed, 
the  same  author  says  in  this  connection :  "The  earlier  symptoms  may, 
therefore,  reasonably  be  ascribed  to  the  influence  of  some  toxin  upon 
the  heart,  nerve-centers  and  vasomotor  nerves  of  the  intestines,  while 
many  of  the  later  symptoms  must  b°  referred  to  the  great  abstraction 
of  serous  fluid  from  the  body."  'Wliile  this  explains  nothing,  it  points 
to  the  nervous  sj'stem  as  an  initial  factor  in  the  morbid  process.  Again, 
Tyson^"  writes:  "The  temperature  should  be  tnken  in  the  rectum,  as 
that  of  the  axilla  may  be  misleading.  Indeed,  the  skin  sometimes  feels 
cool  when  the  internal  temperature  is  high."  In  the  light  of  my  views 
the  axillary  temperature  does  not  mislead:   it  points  to  the  actual  con- 


*  Author's  conrhiKion. 

58  Blackader:  Saious's  "Analyt.  Cyclo.  of  Pract.  Med.,"  vol.  ii,  p.  225,  1898, 
^»  Tyson:    Loc.  cit.,  third  edition,  p.  390,  1903. 
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ditioii — a  low  peripheral  temperature,  while  that  of  the  rectum  is  high. 
As  I  have  explained,  this  is  due  to  paresis  of  the  vasomotor  center. 

Treatment. — Tlie  measures  indicated  in  this  disease  depend 
upon  the  progress  it  has  made  when  the  infant  is  first  seen. 
Powerful  adrenal  stimulants  are  required  when  the  case  is  seen 
early;  if  seen  late,  the  first  indication  is  to  restore  the  blood 
to  its  normal  fluidity,  and  then  to  use  adrenal  stimulants.* 

If  the  child  is  seen  before  the  rice-water  stools  and  algidity 
have  begun,  and  the  stools  are  still  faecal  or  greenish  and  acid, 
calomel  is  required,  14  grain  (0.016  gm.)  being  administered 
every  twenty  minutes  until  the  stools  assume  a  better  aspect — 
which  they  usually  do  after  five  or  six  doses  have  been  taken. 
This  agent  not  only  rids  the  intestines  of  toxic  substances,  but 
it  stimulates  powerfully  the  adrenal  center.  By  thus  causing  an 
accumulation  of  auto-antitoxin  in  the  blood,  it  promotes  catabo- 
lism  of  the  poison,  especially  in  the  liver.  Moreover,  a  cardinal 
feature  of  the  curative  process  is  the  fact  that  the  increase  of 
auto-antitoxin  raises  the  tone  of  the  vessels  and  the  general 
blood-pressure  by  penetrating  the  muscular  layer  of  the  vessels. 
Calomel  is  endowed,  therefore,  with  all  the  attributes  of  a  cura- 
tive agent,  provided  it  is  used  with  adequate  energy.* 

Referring  to  the  great  mortality  of  cholera  infantum  as  given  by 
most  competent  authorities,  Rotch,  Holt  and  Jacobi,  viz.,  two-thirds  of 
all  eases  treated,  W.  H.  Wallace""  states  that,  inspired  by  my  views  as 
given  in  the  first  volume*"  in  respect  to  this  disease,  he  had  resorted  to 
active  stimulation  which  included  calomel,  V4  grain  (0.016  gm. ),  every 
half-hour  until  signs  of  bile  appeared  in  the  stools,  and  had  been  able  to 
save  his  two  last  cases.  Stengel"^  gives  Vs  grain  (0.008  gm. )  every  four 
hours,  but  I  do  not  consider  this  dose  adequate.  Taylor  and  Wells'" 
recommend  V„  to  V^^  grain  (0.0016  to  0.002  gm.)  every  fifteen  minutes 
vmtil  two  or  three  grains  (0.13  or  0.2  gm.)  have  been  administered. 

Contrary  to  what  is  taught  in  text-books,  the  so-called 
"hyperpyrexia"  should  not  be  combated.*  The  high  tempera- 
ture being  central  only  and  due  to  the  accumulation  of  blood  in 
the  deeper  vessels,  especially  the  splanchnic  area,  every  effort 
should  be  made  to  restore  the  equilibrium  of  the  circulation  by 
measures  which  promote  cutaneous  hypersemia:*  by  rubbing 
with  warm  flannel;  warm  baths— beginning  with  98.6°  F.  (37° 
C),  the  normal  temperature,  and  raising  it  gradually  to  105°  F. 

*  Author's  conrhifiinn. 

""Wallace:    Va.  Med.  Semi-monthly,  July  22,  1904. 
"1  Cf.  vol.  i,  pp.  47  and  77?,. 

"2  Stengel:   Nn.  Carolina  Med.  Jour.,  Apr.  20,  1899. 

"3  Taylor  and  Welle.:    "Dis.  of  Children,"  p.  205,  1899. 
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(41.2°  C.)  ;  hot-water  bottles,  etc.,  the  very  measures  indicated 
in  the  corresponding  stage  of  Asiatic  cholera. 

Although  various  authors  compare  the  frigidity  of  the  surface  in 
cholera  infantum  to  the  algid  stage  of  cholera,  they  recommend  cold 
baths  in  the  former  and  hot  bottles  in  the  latter.  Cold  baths  might 
prove  of  service  by  promoting  the  formation  of  waste-products  and, 
through  these,  stimulation  of  the  adrenal  center;  but  the  paucity  of 
blood  in  the  skin  to  which  the  frigidity  io  due  defeats  this  action  and 
annuls  the  value  of  the  remedy.  Roeder"  recommends  a  warm  mustard 
bath,  followed  by  rubbing  and  placing  of  the  child  in  a  warm  bed,  "every 
efl'ort  being  made  to  sustain  the  body  warmth." 

As  soon  as  the  intestines  are  satisfactorily  cleared  by  the 
calomel,  flushing  of  the  colon  is  indicated,  using  lukewarm  nor- 
mal saline  solution,  one  pint  (500  gm.) .  Simultaneously  a  small 
quantity  of  the  solution,  21/0  drachms  (10  gm.),  should  be  in- 
jected hypodermically — repeatedly  in  severe  cases.  The  sensi- 
tiveness of  the  skin  being  reduced,  owing  to  the  deficiency  of 
blood,  the  child  hardly  feels  the  prick  of  the  needle.  When  de- 
hydration by  copious  and  repeated  serous  stools  is  present,  large 
quantities,  6  to  8  ounces  (180  to  250  gm.),  should  be  injected 
subcutaneously. 

As  stated  by  Stengel,'"  flushing  of  the  colon  and  tepid  baths  will 
cause  the  symptoms  to  abate.  Epstein""  observed  prompt  improvement 
and  rapid  recovery  in  apparently  hopeless  cases  by  means  of  small 
doses  of  saline  solution  injected  subcutaneously.  Loin*"  injected  14 
drachms  (56  gm. )  night  and  morning  in  infants  from  three  weeks  to 
six  months  old,  and  found  it  effective  after  every  other  measure  had 
failed.  Many  other  reports  of  this  kind  are  available.  Blackader®*  states 
that  8  ounces  (236  gm. )  or  more,  injected  at  once  into  the  subcutaneous 
tissues  of  the  thigh,  abdomen  or  buttock,  repeated  twice  daily  if  neces- 
sary, usually  causes  marked  improvement  of  all  symptoms. 

When  the  case  is  seen  after  the  serous  stools  have  started, 
agents  which  stimulate  the  sympathetic  center  are  necessary  in 
addition  to  the  foregoing  measures,  to  reduce  the  caliber  of  the 
arterioles  which  this  system  governs.*  Morphine  is  an  active 
agent  of  this  kind  (especially  after  the  osmotic  properties  of 
the  blood  have  been  restored  by  the  use  of  saline  solution  in 
small  or  large  doses)  when  given  hypodermically  in  ^/i^g-grain 
(0.00065  gm.)  doses  for  a  one-year-old  child.  Or,  one  or  more 
drops  of  the  tincture  of  opium  may  be  given  in  an  enema,  ac- 

*  Author's  conclusion. 

Roeder:    Die  Therapie  der  Gegenwart,  June,  1904. 

Stengel:  hoc.  cit. 
«8  Epstein:   Cited  by  H.  F.  Thompson:    Med.  News,  Apr.  25,  1903. 
s'^Loin:    Semainemed.;   Brit.  Med.  Jour.,  Nov.  20,  1897. 
08  Blackader:    Sajous's  "Analyt.  Cyclo.  of  Pract.  Med.,"  vol.  ii,  p.  238,  1898. 
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cording  to  age.  Atropine  is  another  valuable  agent  of  this  kind, 
and  is,  on  the  whole,  safer  for  infants,  ^/-^oo  grain  to  ^/ago  grain 
(0.00013  gm.  to  0.00026  gm.),  according  to  age,  being  well 
borne  subcutaneously.  By  augmenting  the  propelling  power  of 
the  arterioles,  it  drives  blood  into  the  peripheral  capillaries,  thus 
coiinteraetnig  the  hypothermia.* 

As  emphasized  by  Potter/"  opium  should  never  be  given  when  the 
discharges  are  green,  slimy  or  offensive.  Jacobi™  recommends  the  warm 
enemata  containing  some  alcohol  and  one  or  more  drops  of  laudanum. 
The  use  of  atropine  has  been  recommended  by  many  reliable  observers. 
Sterrett"  states  that  under  the  influence  of  V250  grain  (0.00026  gm.) 
in  water,  one  such  granule  being  given  for  each  year  of  the  child's  age, 
every  fifteen  or  thirty  minutes,  "the  vomiting  usually  ceases,  the  skin 
becomes  warm  and  the  circulation  equalized."  Carefully  dosed  granules, 
such  as  those  of  the  Abbott  Company,  should  be  used,  to  avoid  untoward 
effects. 

INFANTILE  DIARRHCEA. 

Synonyms. — Summer  Diarrhoea;  Acute  Oastro-enteritis ; 
Dyspeptic  Diairhcea. 

Definition. — Infantile  diarrhoea — a  disease  caused  in  most 
instances  by  the  substitution  of  artificial  foods  for  breast  milk, 
which,  owing  to  the  auto-antitoxin  it  contains,  protects  the  nurs- 
ling against  infection — is  due  to  excessive  irritation  of  the  in- 
testinal mucosa  by  toxic  substances,  especially  the  toxins  of  bac- 
teria ingested  with  cow's  milk.** 

Symptoms. — These  vary  according  to  the  location  of  the 
inflammatory  process.  If  the  small  intestine  is  involved  alone, 
the  symptoms  of  acute  dyspeptic  enteritis  prevail.  The  first  of 
these,  in  the  majority  of  cases,  are  restlessness,  peevishness,  and 
a  slight  fever,  attended  perhaps  with  slight  colic,  looseness  of 
the  bowels  and  nausea.  These  phenomena  gradually  become 
more  severe  until  vomiting  and  purging  occur.  The  stools, 
which  at  first  may  have  contained  undigested  food  detritus,  are 
now  and  then  offensive,  green  or  greenish-yellow  or  brown.  The 
temperature  rises,  reaching  sometimes  104°  F.  (40°  C),  the 
pulse  being  rapid  and  feeble.  As  the  stools  become  more  fre- 
quent, emaciation  progresses  rapidly,  the  child's  aspect  changing 
greatly  within  a  few  days.    In  some  cases  the  onset  is  more 

*  Aulhor's  conclusion. 
**  Author's  definition. 

o"  Potter:   Annals  of  Gynec.  an3  Ped.,  Apr.,  1898. 

"Jacobi:    Pediatrics,  July  1,  1896. 

^^Sterrett:    Annals  ot  Gynec.  and  Ped.,  Aug.,  1904. 
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sudden,  all  the  symptoms  enumerated  coming  on  in  rapid  suc- 
cession, from  the  first,  including  the  high  fever,  but  excepting 
the  purging.  As  the  latter  appears  the  temperature  may  recede 
one  or  more  degrees.  In  this  class  of  cases  nervous  phenomena 
are  apt  to  prevail,  i.e.,  marked  restlessness,  delirium  and  even 
convulsions.  Prostration  increases  as  the  disease  progresses 
until  slight  cyanosis,  coldness  of  the  extremities  and  rapid  dimi- 
nution of  the  child's  suffering  indicate  impending  death. 

When  the  inflammatory  process  is  located  chiefly  in  the 
ileum  and  colon,  constituting  acute  enter o-colitis,  the  earliest 
symptoms  are,  as  a  rule,  similar  to  those  of  the  preceding  condi- 
tion, but  they  come  on  abruptly  and  are  supplemented  by  others 
which  point  directly  to  the  large  intestine  as  their  source.  Thus, 
while  early  vomiting  is  marked  when  the  small  intestine  is  alone 
involved,  it  is  much  less  severe  when  the  lesions  are  mainly 
located  in  the  colon;  the  abdomen  is  apt  to  be  tense,  swollen 
and  tender  along  the  course  of  the  colon.  Various  symptoms 
that  recall  dysentery  also  appear,  i.e.,  considerable  mucus  and 
more  or  less  blood  in  the  stools,  straining,  pain  and  sometimes 
intestinal  prolapse  during  defecation.  The  stools  are  not  copious 
as  in  dyspeptic  enteritis,  but  small,  and,  as  a  rule,  quite  green, 
though  sometimes  brown.  In  rare  cases  shreds  of  pseudo-mem- 
brane are  also  passed.  The  prostration  and  nervous  phenomena 
observed  in  dyspeptic  enteritis  may  also  occur,  but  ulceration  of 
Peyer's  patches  and  other  intestinal  glands  causes  these  cases 
often  to  assume  a  typhoid  type.  Wasting  progresses  rapidly 
and  the  infant  is  almost  reduced  to  a  skeleton  when,  as  usually 
happens,  the  case  lasts  five  or  six  weeks. 

The  chances  of  recovery  depend  greatly  upon  the  environ- 
ment of  the  infant  and  its  condition.   Among  the  well-to-do  the. 
prognosis  is  far  more  favorable  than  among  the  poor,  owing  to 
the  unsanitary  surroundings  of  the  latter,  and  also  to  the  fact 
that  their  children  are  often  puny  and  ill-fed. 

Pathog^enesis  and  Pathology.- — The  one  great  cause  of  in- 
fantile diarrhoea,  of  the  millions  of  lives  it  has  cost,  and  of  the 
thousands  of  infants  it  is  killing  each  year,  is  tlie  substitution  of 
artificial  foods  of  arvy  kind,  including  cow's  milk  supposedly  ad- 
justed to  the  physiological  needs  of  the  human  organism,  for 
Nature's  own  food,  the  mother's  milk,  or  failing  it,  hreast-milk. 
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Telling  in  this  connection  are  the  following  lines  by  no  less  an 
authority  than  Jacobi:'-  "Amongst  those  who  believe  in  the  omnipo- 
tence of  chemical  formulae,  there  prevails  the  opinion  that  a  baby  de- 
prived of  mother's  milk  may  just  as  readily  be  brought  up  on  cow's 
milk;  that  is  easily  disproved.  In  Berlin  they  found  amongst  the  cows'- 
milk-fed  babies  under  a  year,  the  mortality  was  six  times  as  great  as 
amongst  breast-fed  infants.  Our  own  great  cities  gave  us  similar,  or 
slightly  smaller,  proportions,  until  the  excessive  mortality  of  the  very 
young  was  somewhat  reduced  by  the  care  bestowed  on  the  milk  intro- 
duced into  both  our  palaces  and  tenements.  Milk  was  examined  for 
bacteria,  cleanliness  and  chemical  reaction.  It  was  sterilized,  pasteur- 
ized, modified,  cooled,  but  no  cow's  milk  was  ever  under  the  laws  of 
Nature  changed  into  human  milk,  and  with  better  milk  than  the  city 
of  New  York  ever  had,  its  infant  mortality  was  greater  this  summer 
[1904]  than  it  has  been  in  many  years.  That  hundreds  of  thousands 
of  the  newly-born  and  small  infants  perish  every  year  on  account  of  the 
absence  of  their  natural  food,  is  a  fact  which  is  known  and  which  should 
not  exist." 

The  statistics  of  the  question  point  overwhelmingly  in  the  same 
direction.  Emmett  Holt  found  that  of  1943  fatal  cases  of  digestive  dis- 
orders, only  3  per  cent,  had  been  breast-fed.  In  a  series  of  718  fatal 
cases  of  infantile  diarrhoea  in  Liverpool,  studied  by  Jones,"  the  propor- 
tion of  breast-fed  infants  was  nearly  as  low,  i.e.,  4.2  per  cent.  He  states 
that  in  Munich  the  general  mortality  among  breast-fed  infants  is  15 
per  cent.,  while  in  artificially-fed  infants  it  is  85  per  cent.  J.  Lewis 
Smith  says  that  at  Lyons,  where  foundlings  (a  class  of  infants,  the 
parents  of  which  are  often  alcoholics,  syphilitics,  etc.)  are  wet-nursed, 
the  mortality  is  337  per  thousand,  whereas  at  Aix,  also  a  provincial 
city,  where  they  are  fed  artificially,  it  is  80  per  cent.  In  New  York  it 
reached  nearly  100  per  cent,  until  wet-nurses  were  provided.  Winters" 
states  that  "during  the  siege  of  Paris  (1870-71),  while  the  general  mor- 
tality was  doubled,  that  of  infants  was  lowered  40  per  cent,  owing  to 
mothers  being  driven  to  suckle  their  infants!"  "In  my  own  experience," 
writes  Holt,  "fatal  cases  of  diarrhoeal  diseases  in  nursing  infants  are 
extremely  rare." 

The  enormous  mortality  in  artificially-fed  infants  is  due  to 
the  fact  that  none  of  the  artificial  foods,  including  cow's  milk, 
even  when  obtained  under  the  most  favorable  conditions  and 
accurately  adjusted  as  to  proteids,  carbohydrates,  inorganic  salts, 
etc.,  to  the  composition  of  human  milk,  supply  the  infant  with 
bactericidal  and  antitoxic  constituents  that  breast-milk  contains, 
i.e.,  the  lacteal  auto-antitoxin.*  This  immunizing  substance 
serves  not  only  to  prevent  infection  of  the  infant's  alimentary 
canal,  but  it  penetrates  into  its  blood  to  afford  protection  against 
infections  of  all  kinds.* 

Ehrlich"  showed  that  milk  was  rich  in  antitoxin,  though  less  so 
than  blood,  as  he  subsequently  found  with  Wassermann."    As  stated  by 


*  Author's  conclusion. 

Jacobi:    Amer.  Medicine,  Nov.  5,  1904. 
"Jones:    Brit.  Med.  Jour.,  Sept.  29,  1894. 
"Winters:    Med.  Record,  Mar.  7,  1903. 
''^Ehrlich:    Zeit.  t.  Hyg.,  Bd.  xii,  S.  183,  1892. 
'n  Wassermann:    Ihid.,  B.l.  xviii,  S.  248,  1894. 
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Metchnikoff,  "the  chemical  composition  of  antitoxin  is  unknown."  That 
the  milk's  antitoxin  is  similar  to  that  in  the  blood,  i.e.  of  auto-anti- 
toxin, is  demonstrated  by  the  presence  of  the  three  constituents  of  the 
latter.  The  presence  of  adrenoxidase  is  shown  by  the  fact  that  Babcock 
and  Russell,'"  Dupouy,'*  Raudnitz,"  Arnold,""  Neumann  Wender*"^  and 
others  have  all  found  an  oxidase  in  milk  which  colored  guaiac  blue. 
The  last-named  investigator  also  found  that  milk  contained  a  proteo- 
lytic enzyme  which  he  refers  to  as  trypsin  or  galactase.  Spolverini** 
found  both  trypsin  and  pepsin,  and  his  observation  was  confirmed  by 
Kobecourt  and  Merklen*^  and  others.  We  have  seen  that  the  nucleo- 
proteid  was  also  present  as  a  constituent  of  fibrinogen.  There  can  be 
no  doubt  as  to  the  immunizing  agencies  being  the  same  as  in  the  blood. 
Van  de  Yelde  and  Landstheer**  found  that  all  the  milk  ferments  were 
also  present  in  the  blood. 

The  bacteriolytic  property  of  the  blood,  according  to  the  Buchner 
school,  is  due  to  alexins  which,  as  I  have  shown  in  the  first  volume,  are 
similar  in  composition  to  antitoxin.  E.  Moro"^  found  that  the  serum 
of  breast-fed  infants  not  only  contained  more  alexins  than  artificially- 
fed  ones,  but  that  the  proportion  corresponded  with  that  of  the  alexins 
in  the  blood  of  the  maternal  placenta.  This  indicates  that  it  is  the 
function  of  the  mother's  milk  to  supply  the  infant's  blood  with  anti- 
toxin, precisely  as  her  blood  did  her  foetus  in  utero.  This  was  empha- 
sized by  the  investigations  of  Halban  and  Landsteiner,*"  which  showed 
that  the  maternal  blood  was,  as  compared  to  that  of  the  foetus,  more 
potent  as  a  bacteriolytic  and  antitoxic  agent  and  as  an  immunizing 
serum;  and  moreover,  that  it  inhibited  more  actively  fermentative  proc- 
esses. Metchnikoff'"  states  that  the  passage  of  the  antitoxin  ingested 
with  milk  into  the  suckling's  blood,  has  been  confirmed  by  a  large  num- 
ber of  observations.  Welch,  in  his  Harvey  Lecture,  also  says :  "It  is  an 
important  function  of  the  mother  to  transfer  to  the  suckling  through 
her  milk  immunizing  bodies,  and  the  infant's  stomach  has  the  capacity, 
which  is  afterward  lost,  of  absorbing  these  substances  in  an  active  state. 
The  relative  richness  of  the  suckling's  blood  in  protective  anti-bodies, 
as  contrasted  with  the  artificially-fed  infant,  explains  the  greater  free- 
dom of  the  former  from  infectious  diseases." 

Although  cow's  milk  is  likewise  rich  in  auto-antitoxin,  the 
latter  begins  to  lose  its  activity  soon  after  milking,  because  its 
nucleo-proteid  combines  with  the  adrenoxidase,  thus  depriving 
the  immunizing  compound  of  its  two  activating  agents.*  The 
fluid  portion  of  the  milk  thus  becomes  reduced  to  the  condition 
of  blood-serum,  an  excellent  culture  medium  for  bacteria. 
Hence  the  fact  that  in  a  few  hours,  especially  during  warm 
weather,  milk  is  often  found  to  contain  enormous  quantities  of 

*  Author's  conclusion. 

''Babcock  and  Russell:    Annual  Report  of  Agric.  Sta.,  Univ.  of  Wise,  1897. 

''s  Dupouy:    These  de  Bordeaux,  1897. 
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»2  Spolverini:    Atti  d.  iv.  Congr.  Ital.  de  Fed.,  1901. 
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bacteria,  benign  and  pathogenic*  Pasteurization  destroys  the 
majority  of  virulent  bacteria,  it  is  true,  but  it  also  destroys  the 
bacteriolytic  trypsin;  boiling  is  still  more  efficacious  as  a  bac- 
tericidal agent,  but  it  destroys  both  the  trypsin  and  the  adrenoxi- 
dase,  thus  annulling  the  immunizing  properties  of  the  milk.* 
Milk  sterilized  by  either  method,  though  seemingly  capable  of 
nourishing  the  infant,  fails,  therefore,  to  supply  its  blood  with 
the  antitoxin  required  to  protect  it  adequately,  and  it  is  vul- 
nerable to  infection  both  in  the  respiratory  tract  and  in  the 
alimentary  canal.* 

Trypsin  was  found  in  copy's  milk  by  Spolverini,^  Nobecourt  and 
Merklen^  and  others.  Gillef"  found  cow"s  milk  rich  in  oxidase  (ad- 
renoxidase),  thus  confirming  the  observations  of  other  investigators. 
Indeed,  the  literature  of  the  subject  shows  that  young  mammals  are 
but  prototypes  of  the  infant  in  the  protection  afforded  by  the  maternal 
milk.  While  Freudenreich*"^  and  others  found,  for  instance,  that  cow's 
milk  when  fresh  destroyed  cholera,  typhoid  and  other  pathogenic  bac- 
teria, Metchnikoff,  referring  to  the  investigations  of  Ehrlich  and  Wasser- 
mann,^  states  that  "earlier  researches  had  sho\va  that  it  was  only  when 
mice  were  very  young  that  they  could  assimilate  antitoxins  from  the  ali- 
mentary canal,  while  adult  mice  acquired  no  immunity,  the  blood  show- 
ing no  increase  of  antitoxic  activity."  This  clearly  points  to  the  need 
of  antitoxin  in  the  blood  of  young  mice  to  increase  its  antitoxic  activity. 

Indeed,  in  the  light  of  my  views,  it  is  probable  that  the  ferments 
in  maternal  milk  do  more  than  protect  the  offspring  against  infection, 
i.e.,  that  they  actvaUy  tale  part  in  its  cellular  metabolism,  its  very 
vital  process.  Thus,  while  Ehrlich  in  1900  laid  stress  on  the  fact  that 
human  milk  contained  ferments  which  made  it  superior  to  all  methods 
of  artificial  feeding,  ZMoro'^  showed  by  careful  experiments  on  infants 
that  while  they  gained  in  weight  constantly  upon  normal  breast  milk, 
when  the  latter  was  sterilized  by  heat,  thus  destroying  the  ferments,  the 
increase  in  weight  was  almost  imperceptible.  The  failure  of  Lunin's 
chemically  perfect  artificial  milk — in  which,  however,  the  ferments  were 
not  taken  into  account — thus  becomes  self-evident.  Referring  to  the 
fact  that  in  Lunin's  method  of  preparing  this  milk  the  unorganized  fer- 
ments were  destroyed,  L'esperance'^  remarks,  quite  in  keeping  with  the 
estimates  of  Jacobi:  "Tliis  fact  explains  why  sterilized  milk  and  other 
sterilized  foods  have  not  fulfilled  the  general  expectations  of  the  scien- 
tific world." 

Given  now  an  infant  fed  on  perfectly  "sterilized,  pasteurized,  modi- 
fied, cooled  cow's  milk,"  what  have  we  at  best?  An  organism  vulner- 
able to  infection  not  only  by  way  of  the  alimentary  canal,  but  also  iy 
icay  of  the  lungs.  Hence  the  appalling  mortality  among  infants  not 
only  from  intestinal  disorders,  but  also  from  pneumonia,  bronchitis  and 
other  pulmonary  diseases.  Suggestive  in  this  connection  is  the  fact  that, 
in  a  series  of  2.37  cases  reported  by  various  observers  and  summarized 


*  Author's  conclusion. 

^  Spolverici:    Lor.  cit. 

®'  Nobecourt  and  Merklen :    Loc.  cif. 

»»  Gillet:   Jour,  de  phvsiol.  et  de  pathol.  gen.,  vol.  Iv.  p.  439,  1902. 
«  Freudenreich:    Bacter.  World,  Dec,  1891;  Jan.,  1892. 
^- Ehrlicti  and  'Wassernisnn :    Loc.  cit. 
»3Moro:    Jahrb.  f.  Kinderheilk.,  Oct..  1902. 
»*  L'esperance:    Med.  Record,  Mar.  19,  1904. 
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by  Holt,"  and  in  which  the  bacillus  dysenteriae  of  Shiga  was  found,  26 
were  breast-fed — a  condition  which,  as  he  says,  practically  excludes  the 
possibility  of  infection  through  milk.  The  only  other  channel  is  the 
respiratory  tract,  the  intestinal  irritation  being  caused  by  the  elimina- 
tion of  the  bacillus  through  the  intestinal  mucosa. 

Under  these  conditions  the  daily  and  continuous  use  of  con- 
taminated milk  is  not  required  to  infect  the  infant,  a  single 
day's  milh  or  even  a  single  feeding  of  milk  containing  a  few 
pathogenic  bacteria  suffices  to  do  so,  since  its  secretions,  its 
blood  and  its  lymph  are  unable  to  prevent  their  proliferation.* 
A  single  relaxation  of  vigilance  on  the  part  of  the  infant's 
attendant  involving  secondary  contamination  of  the  milk  after 
sterilization,  an  error  in  reading  the  thermometer  during  Pas- 
teurization, careless  cleansing  of  the  vessels  or  bottles,  etc.,  may 
thus  entail  the  pathogenic  importance  of  an  inoculation  through 
the  skin — where  a  minute  quantity  of  infectious  material  may 
provoke  general  infection.*  This  is  rendered  possible  by  the 
fact  that  even  milk  drawn  under  the  strictest  antiseptic  precau- 
tions contains  over  300  bacteria  per  cubic  centimeter;  that  ordi- 
nary fresh  milk  contains  from  2000  to  40,000  bacteria  in  the 
same  volume;  and  finally  that  the  proportion  of  bacteria  in 
the  milk  delivered  in  cities,  especially  during  warm  weather, 
ranges  from  40,000  to  2,000,000  bacteria  per  cubic  centimeter. 

The  proportions  mentioned  were  obtained  mainly  from  those  pub- 
lished by  Conn,  in  the  bulletins  of  the  Michigan  State  Agricultural  Col- 
lege Experiment  Station.  The  larger  figures  given  may  seem  large,  but 
they  are  probably  below  the  average.  Hamill,""  for  instance,  states  that 
"the  number  of  bacteria  sometimes  found  in  ordinary  market  milks 
is  almost  incredible.  As  many  as  100,000,000  per  cubic  centimeter  have 
been  found  in  the  milk  of  Washington,  D.  C,  and  as  many  as  600,000,000 
per  cubic  centimeter  have  been  found  in  some  milks  in  the  city  of  New 
York.  Of  course,"  adds  the  author,  "these  figures  are  unusual,  but  a 
count  of  from  1,000,000  to  2,000,000  per  cubic  centimeter  is  not  at  all 
uncommon." 

Among  the  pathogenic  microorganisms  that  have  been  found 
in  milk  are  streptococci,  staphylococci,  the  bacilli  coli  and  lactis 
aerogenes,  and  those  which  produce  typhoid  fever,  diphtheria, 
glanders  and  tuberculosis.  No  special  organism  can  be  said  to 
be  the  specific  cause  of  infantile  diarrhoea,  but  those  most  fre- 
quently found  in  the  stools  are  the  streptococcus,  which  occurs 
in  the  stomach,  small  and  large  intestine;  the  proteus  vulgaris. 


*  Author's  conclusion. 

»5  Holt:  Rockefeller  Inst,  for  Med.  Research,  vol.  ii,  p.  185,  1904. 
»»Hamill:    Proceed.  Phila.  Co.  Med.  Soc,  vol.  xxlv,  p.  124,  1903. 
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found  in  severe  cases,  with  putrid  stools;  the  staphylococcus 
pyogenes;  the  bacillus  pyoc^-aneus;  the  bacillus  mesentericus ; 
the  bacillus  enteridis,  and  tinally  a  microorganism  which  has 
attracted  considerable  attention  of  late,  the  bacillus  dysenterise 
of  Shiga. 

The  presence  of  Shiga's  dysentery  bacillus  in  the  stools  of  cases 
of  summer  diarrhea,  was  pointed  out  by  Celli  and  Valenti,'^'  and  con- 
firmed by  Duval  and  Bassett."*  Flexner,'*  summarizing  the  results  of 
observations  in  412  cases  studied  baeteriologically  by  various  investiga- 
tors in  four  large  cities,  states  that  of  this  number  63.2  per  cent,  of  all 
cases  examined  gave  positive  results.  Holt"*  studied  the  clinical  reports 
of  2.37  cases,  and  found  the  dysentery  associated  with  every  sort  of  in- 
testinal disturbance  accompanied  by  diarrhoea,  with  the  notable  excep- 
tion of  cholera  infantum. 

The  lesions  in  the  alimentary  canal  vary  with  the  duration 
of  the  case.  There  may  be  slight  gastritis  with  punctiform 
haemorrhage.  The  upper  portion  of  the  intestine  is  rarely  af- 
fected, the  ileum,  the  ileo-cjecal  valve  and  the  colon  bear  the 
brunt  of  the  morbid  process.  This  may  vary  from  hyperjBinia 
to  marked  congestion,  followed  by  ulceration  of  the  enlarged 
follicles  and  Peyer's  patches- — the  source  of  the  typhoid  s}Tnp- 
toms  witnessed.  Bacilli  are  found  both  in  the  mucosa  and  sub- 
mucosa  and  occasionally  deeper.  The  two  layers  are  sometimes 
involved  in  the  necrotic  process  and  become  detached  and  voided 
in  the  stools  as  pseudo-membrane — a  rare  occurrence,  as  pre- 
viously stated. 

Treatment.- — When  infantile  diarrhoea  has  developed,  owing 
to  any  one  of  the  morbid  factors  enumerated,  the  cardinal  in- 
dication is  to  destroy  the  pathogenic  elements  both  in  the  ali- 
mentary canal  and  in  the  blood.  Castor  oil  has  received  the 
sanction  of  considerable  experience,  but  it  should  be  considered 
only  as  an  eliminant.  It  starts  the  intestinal  antitoxic  process 
by  increasing  reflexly  the  secretory  activity  of  the  intestinal 
mucosa  and  a  great  step  is  made  toward  protecting  the  infant.* 
But  this  is  inadequate  to  protect  it  properly.*  Its  adrenal 
system  should  be  stimulated  to  unusual  activity  in  order  to  in- 
crease the  proportion  of  auto-antitoxin  in  its  blood  and  intes- 
tinal Juice.*    Calomel  is  decidedly  the  best  agent  in  this  con- 

*  Author's  cottclusion. 

■"Celli  and  Valenti:    CentraTW.  f.  Bakt.,  Bd.  xxv,  S.  481,  1899. 
»8  Duval  and  Bassett;    Amer.  Medicine.  Sept.  13,  1912. 

Flexner:    Rockefeller  Inst,  for  Med.  Research,  vol.  11,  p.  121,  1904. 
loo  Holt:   Loc.  cit. 
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nection  and  should  be  begun  as  soon  as  the  castor  oil  has  pro- 
duced its  effect,  V^o  grain  (0.003  gm.)  every  half  hour  until 
1  grain  (0.065  gm.)  has  been  given.  If  the  stools  have  not 
resumed  their  normal  color,  it  should  be  continued,  avoiding, 
however,  salivation,  which  indicates,  as  I  have  shown,  that  the 
proteolytic — and  therefore  bacteriolytic  and  antitoxic — proper- 
ties of  the  blood  have  become  excessive.*  The  biniodide  of 
mercury  is  quite  as  effective.* 

It  is  customary  to  combine  the  calomel  with  supposed  antiseptics, 
such  as  resorcin,  benzol-naphthol,  etc.,  but  they  do  more  harm  than  good. 
It  is  a  fallacy  to  believe  that  they  act  in  tlie  intestinal  canal  as  they 
do  in  the  laboratory.  The  alimentary  canal  being  laden  with  adrenoxi- 
dase,  these  various  drugs  are  broken  up  and  their  action  is  entirely 
modified. 

I  do  not  deem  it  necessary  to  submit  evidence  to  the  effect  that 
castor  oil  and  calomel  are  valuable  in  infantile  diarrhoea.  Reflecting 
only  the  prevailing  knowledge  as  to  their  action,  Blackader'"  writes: 
"For  the  evacuation  of  the  intestinal  tract  two  drugs  especially  com- 
mend themselves  on  account  of  their  promptness  and  the  very  slight 
amount  of  irritation  which  they  induce.  These  are  castor  oil  and  calo- 
mel." As  to  the  biniodide  of  mercury.  Luff'"-  reported  80  cases,  72  of 
which  were  cured  in  two  days  as  to  the  diarrhoea  per  se.  He  gave  it  in 
Vso-grain  (0.0082  gm.)  doses  in  a  solution  of  potassium  iodide.  Illing- 
worth  has  also  reported  excellent  results. 

To  remove  the  exogenous  pathogenic  factor  goes  without 
saying.  If  the  infant  is  hand-fed,  the  best  curative  food  is  the 
milk  of  a  wet-nurse,  which  supplies  its  alimentary  canal  and  its 
blood  with  the  antitoxin  it  requires.*  Diphtheria  antitoxin  sug- 
gests itself  as  an  effective  agent  in  this  connection.* 

The  value  of  the  homologue  of  maternal  milk,  that  of  a  wet-nurse, 
under  these  conditions,  is  self-evident.  The  change  for  the  better  is 
almost  magical.  In  one  of  my  eases  twenty-four  hours  of  wet-nurse  eon- 
verted  a  very  ill  infant  to  one  in  normal  health — aside  from  the  tem- 
porary emaciation  and  weakness.  I  saved  my  only  son  by  this  measure 
after  all  others,  carried  out  by  a  friend  and  colleague,  had  failed.  I 
cannot  find  evidence  to  the  effect  that  diphtheria  antitoxin  has  been 
tried  in  such  cases;  that  it  must  be  valuable — in  the  light  of  my  views 
at  least — is  apparent. 

The  loss  of  considerable  serum  in  choleraic  cases  depletes 
the  child's  blood  both  of  fluids  and  alkaline  salts,  and  the  osmotic 
and  antitoxic  properties  of  the  body  fluids  and  the  migration 
of  phagocytes  to  bacteria-laden  areas  are  thus  greatly  compro- 
mised.* This  should  be  counteracted  by  large  enema  of  saline 
solution  at  not  less  than  102°  F.  (38.9°  C),  daily,  during  the 


*  Autlior's  conclusion. 

101  Blackader:    Sajous's  "Analyt.  Cyclo.  of  Pract.  Med.,"  vol.  iv,  p.  18,  1899. 

102  Luff:    Brit.  Med.  Jour.,  Nov.  16,  1888. 
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period  of  serous  discharge  and  once  after  its  cessation.  If  the 
enema  is  at  once  voided  with  the  stools,  the  solution  should  be 
given  suhcutaneously ,  8  or  10  ounces  (236  to  295  gm.)  being 
injected  very  slowly. 

Many  clinicians  wait  until  the  stage  of  collapse  before  using  the 
saline  solution;  this  is  supported  by  no  sound  reason  whatever.  It 
would  be  as  wise  to  allow  a  man  to  starve  until  death  is  near  before 
giving  him  food. 

If  after  the  stools  are  no  longer  foul,  the  serous  flux  per- 
sists notwithstanding  all  the  foregoing  measures,  small  doses  of 
morphine  are  necessary  to  provoke  contraction  of  the  intestinal 
arterioles,  the  excessive  dilation  of  which  underlies  the  flow. 

To  obtain  this  result  astringents  are  usually  employed,  but  these 
agents  arrest  function  by  causing  constriction  of  the  capillary  walls. 
The  preparations  of  opium,  on  the  other  hand,  influence  precisely  the 
torpid  center  and  the  arterioles  it  governs,  namely,  the  sympathetic 
center. 

During  the  tirst  few  hours  of  treatment,  the  diet  should 
be  limited  to  barley  water ;  as  soon  as  improvement  occurs,  how- 
ever, an  increase  of  food  is  required.*  This  may  be  met  by 
boiling  a  very  fresh  egg  until  its  yolk  is  so  hard  that  it  can 
readily  be  reduced  to  a  'flour-like  powder.*  This  powder  added 
to  the  barley  water  or  to  equal  parts  of  barley  water  and  boiled 
milk,  or  to  any  other  liquid  food  that  may  be  adaptable,  in- 
creases greatly  its  value  as  a  nutrient,  and  supplies  the  infant 
with  all  the  constituents  its  organism  requires  for  a  prompt 
convalescence.*  A  change  of  air,  especially  if  the  infant  can  be 
taken  to  the  seashore,  hastens  convalescence  very  greatly. 

The  convalescence  is  often  protracted,  owing  to  the  fact  that  the 
food  administered  does  not  contain  enough  phosphorus  to  build  up  the 
myelin  lost  during  the  illness,  and  the  entire  nervous  system  is  adyn- 
amic and  stays  so.  As  stated  by  Shoemaker,"'  yelk  of  egg  (vitellus) 
"is  highly  nourishing,  and,  as  it  contains  phosphorus,  it  is  especially 
restorative  to  the  nervous  system." 

ACUTE  ENTERITIS. 

Synonyms.  —  Acute  Biarrlma;  Simple  Acute  Catarrhal 
Enteritis;  Acute  Ileo-colitis;  Acute  Intestinal  Catarrh. 

Definition. — Acute  enteritis,  a  disorder  characterized  by 
diarrhoea,  is  due  to  a  reflex  reaction  of  the  intestinal  mucosa 


*  Author's  conclusion. 

"3  Shoemaker:    "Materia  Med.  and  Therap.,"  p.  918,  1906. 
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which  has  for  its  purpose  to  antagonize  the  harmful  effects  upon 
it  of  noxious  substances  contained  in  the  ingesta,  or  in  the  sub- 
stances which  the  mucosa  itself  eliminates.** 

Symptoms. — The  most  prominent  symptom  of  this  condi- 
tion is  diarrhoea.  The  stools,  which  are  at  first  faecal,  become 
yellowish  or  colorless,  and  finally  watery  and  frothy,  and  occur 
with  increasing  frequency.  Though  offensive  at  first,  they 
sometimes  lose  all  odor.  When  examined  microscopically,  they 
are  found  to  contain  leucocytes,  erythrocytes,  broken-down 
columnar  epithelium,  various  non-pathogenic  bacteria,  and  the 
bacillus  coli  commune,  food  detritus  and  other  substances 
which  vary  according  to  the  segments  of  intestines  involved. 
The  salient  symptoms  are  colicky  pain,  borborygmus,  flatu- 
lence, some  abdominal  tenderness  with  gurgling  on  pressure, 
oliguria  due  to  the  loss  of  fluids,  anorexia  and  sometimes 
slight  fever. 

Unless  the  diarrhoea  be  the  forerunner  of  some  graver  con- 
dition, as  is  often  the  case  during  cholera  epidemics,  or  the 
initial  stage  of  chronic  enteritis,  the  symptoms  disappear  grad- 
ually after  the  second  or  third  day. 

Pathogenesis  and  Pathology. — Enteritis  is  caused  by  any 
substance  capable  of  irritating  the  intestinal  mucous  membrane. 
It  represents,  at  first,  a  (vagal*)  reflex  increase  of  functional 
activity  of  the  intestinal  glandular  and  muscular  elements  by 
the  irritant,  having  for  its  purpose  the  protection  of  the  mu- 
cosa and  the  body  at  large.  Intestinal  juice  containing  auto- 
antitoxin  and  mucus  (the  latter  serving  to  protect  mechanically 
the  cellular  elements  of  the  mucosa),  the  former  is  produced  in 
abundance,  to  disintegrate  by  cleavage  the  irritating  substance 
and  insure  its  elimination.* 

The  irritation  of  the  intestines  may  be  exogenous*  i.e., 
caused  by  ingested  materials,  unripe  fruit,  fermented  foods, 
an  excess  of  food-stuffs,  or  foods  containing  a  small  quantity 
of  leucomains  (those  containing  a  large  quantity  of  leucomains, 
stale  cream-puffs,  ice-cream,  cheese,  etc.,  give  rise  to  cholera 
morbus,  in  which  the  central  nervous  system  is  involved*), 
unripe  fruit,  impure  drinking  water,  etc. ;  or  endogenous,  i.e., 
produced  by  irritants  originating  in  the  body.    Toxic  wastes. 


*  Author's  conclusion. 
**  Author's  definition. 
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formed  vrhen  the  body  is  exposed  to  cold  and  damp  or  when  the 
surface  of  the  abdomen  is  suddenly  chilled,*  frequently  cause 
enteritis.  The  temperature  of  the  cellular  trypsin  being  low- 
ered, the  cutaneous  catabolie  processes  are  inhibited,  and  as 
imperfectly  broken-down  wastes  are  poisonous,  they  irritate  the 
intestinal  canal  while  being  eliminated  through  it.*  The  toxic 
substances  of  bacterial  origin,  of  detritus,  acids,  etc.,  formed 
during  t}"phoid  fever  and  other  febrile  diseases,  cancer,  Bright" s 
disease,  tuberculosis,  etc.,  produce  enteritis  by  the  same  mor- 
bid action  on  the  intestinal  canal.* 

Treatment. — In  mild  cases  due  to  ingested  irritants,  a 
restricted  diet,  particularly  if  anorexia  be  present,  usually  suf- 
fices to  insure  early  recovery,  since  the  intestinal  overactivity 
is  thus  to  a  great  extent  reserved  for  the  disintegration  and 
elimination  of  the  offending  substances.  When  a  case  presents 
anv  degree  of  severity,  however,  the  auto-protective  process 
should  be  aided  by  administering  a  purgative,  ilagnesium 
citrate,  the  entire  bottle  being  taken  in  two  doses,  usually 
suffices  for  the  purpose  and  materially  reduces  the  duration 
of  the  diarrhoea.  Catomel,  in  ^/^  grain  (0.016  gm.)  doses  for 
adults,  every  half  hour  until  eight  doses  have  been  taken,  is  also 
verv  effective.  By  actively  stimulating  the  adrenal  center,  it 
increases  the  activity  of  the  pancreas,  and  therefore  the  anti- 
toxic activity  of  the  intestinal  juice,  whUe  acting  as  a  purga- 
tive.* Smaller  doses  are  also  efficacious,  though  castor  oil  is 
preferred  by  many  clinicians. 

After  elimination  of  the  irritant  substances  measures  may 
be  taken  to  arrest  the  diarrhoea.  This  may  be  done  by  giving 
small  doses  of  opium,  ^Z,  grain  (0.03  gm.),  to  constrict  the 
arterioles.*  If  there  is  any  suspicion  that  the  cause  is  not 
completely  removed,  ielladonna  is  preferable,  since  it  not  only 
reduces  the  caliber  of  the  arterioles,  but  enhances  their  propul- 
sive activitv,  thus  increasing  the  volume  of  arterial  blood  which 
circulates  in  the  capillaries  of  the  intestinal  mucosa.*  A  gran- 
ule of  Vioo  grain  (0.00065  gm.)  three  times  daily,  then  twice 
daily,  sufBces.  If  there  is  any  degree  of  general  adynamia, 
tJiifroid  extract,  3  grains  (0.13  gm.)  after  each  meal,  not  only 
counteracts  this  condition,  but  whUe  doing  so,  hastens  resolu- 
tion of  anv  intestinal  lesion  that  may  be  present.* 


*  Author's  conclusion. 
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CHRONIC  ENTERITIS. 

Synonyms. — Chronic  Diarrhcca;  Chronic  Entero-oolitis; 
Ulcerative  Colitis;  Mucous  Colitis;  Tropical  Diarrhcea. 

Definition. — Chronic  enteritis,  a  disorder  characterized  by 
persistent  diarrhoea,  is  due  to  irritation  of  the  intestinal  mucous 
membrane  by  imperfectly  digested  food-stuffs,  or  by  protozoa. 
The  diarrhcea  is  the  expression  of  a  protective  process  having 
for  its  purpose  the  destruction  and  removal  of  the  pathogenic 
substance  or  parasite.* 

Symptoms. — T\'hen  it  does  not  occur  as  a  result  of  acute 
enteritis,  the  chronic  form  comes  on  insidiously,  the  first  indi- 
cation being  looseness  of  the  bowels,  occurring  coincidently 
in  most  cases  with  gastric  malaise.  The  movements  gradually 
increase,  however,  both  as  to  number  daily,  though  they  seldom 
exceed  five,  and  as  to  quantity,  and  are  apt  to  occur  after  rising 
in  the  morning  or  immediately  after  a  meal.  The  first  daily 
stool  is  usually  fgecal,  but  the  succeeding  ones  gradually  become 
more  liquid  until  they  are  watery,  though  yellowish-brown  in 
most  instances.  The  typical  stools  are  clay-colored  and  usually 
contain  considerable  mucus,  the  terminal  stool  of  the  daily 
series  being  often  entirely  mucoid,  sometimes  streaked,  in  ad- 
vanced cases,  with  blood.  They  are  often  described  as  "sago- 
like," the  mucus  being  broken  up  into  granules.  At  times  they 
are  bile-stained  and  brownish-yellow. 

Microscopically,  the  stools  are  usually  found  to  contain 
fragments  of  food,  carbohydrates  as  well  as  proteids,  in  various 
stages  of  digestion,  starch  granules,  fat  globules,  cholesterin 
plates,  triple  phosphate  crystals,  etc.  Occasionally,  especially 
in  women,  the  mucus  is  discharged  in  the  form  of  casts  of 
various  segments  of  the  colon.  Examination  of  the  rectum  in 
advanced  cases  reveals  marked  local  congestion  and  areas  of 
ulceration,  the  whole  being  coated  with  mucus.  In  the  prox- 
imity of  the  anus  the  mucous  membrane  is  usually  found  thick- 
ened and  excoriated,  owing  to  constant  contact  with  abnormal 
excrementitious  products.  The  sphincter  being  extremely  irri- 
table, tenesmus  is  often  complained  of — a  cause  in  some  cases 
of  constipation,  followed  sooner  or  later  by  a  copious  discharge. 
Pain  is  sometimes  complained  of,  but  it  amounts  seldom  to 
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more  than  slight  colic.  Tenesmus  and  flatulence  are  prominent 
features.  Another  salient  sjinptom  in  some  cases  is  a  voracious 
appetite,  though  the  patient  is  usually  asthenic,  even  his  tem- 
perature being  sometimes  below  normal. 

In  tropical  countries  especially,  including  the  Philippines, 
various  protozoa,  the  balantidium  coli  in  particular,  may  cause 
obstinate  diarrhoea.  The  stools  are  generally  bloody  and  con- 
tain the  organism,  while  the  blood  of  the  general  circulation  is 
found  to  contain  an  unusual  number  of  eosinophile  leucocytes. 

Pathogenesis  and  Pathology. — Chronic  catarrhal  enteritis 
may  be  due  to  the  presence  in  the  intestinal  canal  of  food- 
stuffs (both  proteids  and  carbohydrates)  that  have  been  imper- 
fectly hydrolized  to  peptones  and  proteoses  in  the  stomach,  and 
which  therefore  act  as  irritants.  Any  disease  of  the  stomach 
in  which  the  digestive  process  is  sufficiently  impaired  may  thus 
give  rise  to  this  form  of  enteritis,  also  termed  "lienteric  diar- 
rhcEa."  The  imperfectly  digested  foods,  owiag  to  their  irritat- 
ing nature,  stimulate  reflexly  the  intestine  to  increased  activity,* 
secretory  and  peristaltic,  to  such  a  degree  that  in  the  majority 
of  cases  the  bowels  are  evacuated  immediately  after  a  meal,  the 
stools  containing  considerable  undigested  material. 

In  another  class  of  cases,  the  digestive  process  is  inade- 
quate in  the  intestine  as  well  as  in  the  stomach,  the  secretion 
of  pepsin  and  tr^-psin  being  markedly  reduced,  and  the  gastric 
motricity  and  intestinal  peristalsis  likewise.  Dilation  of  the 
stomach  and  enteroptosis  are  sometimes  observed  in  these  cases, 
owing  to  muscular  relaxation,  and  the  diarrhoea  often  tends  to 
alternate  with  periods  of  constipation.  This  form  is  primarily 
due  to  conditions  which  markedly  debilitate  the  adrenal  sys- 
tem.* These  include  exhausting  diseases  such  as  tubercu- 
losis, malaria,  anaemia,  syphilis,  and  influenza ;  conditions  which 
overtax  the  muscular  system,  such  as  long  marches  with  heavy 
accoutrements  and  other  causes  of  fatigue;  insufficient  or  in- 
digestible food;  dirt-eating,  etc.  The  excessive  heat  of  trop- 
ical countries  also  predisposes  to  chronic  catarrhal  enteritis,  i.e., 
tropical  diarrhoea,  the  debilitating  influence  being  the  loss  of 
reflex  excitation  of  the  central  nervous  system  which  cold  in- 
sures by  exciting  the  cutaneous  sensory  organs.* 
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Various  protozoa  may  provoke  persistent  chronic  diarrhcea 
by  causing  ulcerative  enteritis.  Prominent  among  these  is  the 
balantidium  coli  of  Malmsten  (1846)  which  penetrates  the 
mucosa  and  submucosa,  and  by  multiplying  rapidly,  brings 
about  organic  changes  that  may  cause  death  in  a  few  months. 
It  is  ingested  by  drinking  water  infected  with  the  balantidium 
of  pigs,  in  which  it  is  common.  The  amoeba  coli,  one  of  the 
causes  of  tropical  dysentery,  and  the  strongyloides  intestinalis 
of  Havay  (1876)  may  also  cause  obstinate  diarrhoea  by  giving 
rise  to  ulcerative  enteritis. 

That  chronic  diarrhoea  may  be  of  dyspeptic  origin  is  now  generally 
recognized,  thanks  to  the  labors  of  Ewald,  Nothnagel,  Rosenbach,  Pen- 
zoldt,  Einhorn  and  others.  The  same  may  be  said  of  the  asthenic  form. 
As  stated  by  Allen  A.  Jones,'"  "in  the  gastric  affection  named  by  Einhorn 
'Achylia  Gastrica,'  there  exists  a  suspension  of  the  secretions  of  the 
stomach,  in  some  cases  as  the  result  of  atrophy  of  the  gastric  glandules, 
in  others  as  the  result  of  a  nervous  disturbance  of  secretion.  It  is 
probable  that  all  cases  of  this  affection  do  not  arise  from  glandular 
atrophy.  For  some  years  Stockton  has  maintained  that  the  disorder 
often  begins,  and  may  continue,  as  a  neurosis,  and  he  has  found  a  special 
form  of  ocular  refractive  error  associated  with  it.  In  writing  upon 
'Gastric  Anacidity'  some  years  ago,"  adds  the  author,  "I  also  empha- 
sized the  suggestion  that  some  cases  perhaps  commence  as  a  neurosis  and 
may  go  on  to  subsequent  organic  disease  and  atrophic  changes."  He 
considers  as  results  of  such  a  condition,  a  precipitate  expulsion  of  food 
with  irritation  or  overwork  of  the  intestine,  caused  by  the  toxic  sub- 
stances developed  and  more  or  less  severe  inflammation  of  the  intestine. 
That  the  adrenal  center  is  primarily  affected  is  shown  by  the  nature  of 
the  diseases  which  give  rise  to  it,  i.e.,  "chronic  exhausting  diseases,"  as 
Tyson""  characterizes  them. 

That  the  balantidium  coli  may  also  produce  lesions  other  than  those 
found  in  the  colon,  may  be  illustrated  by  a  case  reported  by  Strong  and 
Musgrave,'""  in  which  the  jejunum  and  ileum  were  both  hyperaemic  and 
contained  considerable  mucus. 

Treatment. — The  chronic  catarrhal  enteritis  due  solely  to 
gastric  disorders,  requires,  of  course,  appropriate  measures  calcu- 
lated to  remove  the  latter.  Attention  to  the  diet  is  also  of  para- 
mount importance :  cereals,  fruit  and  vegetables  leaving  much 
waste,  iced  foods  or  beverages,  fried  or  highly  seasoned  foods,  or 
substances  cooked  in  much  fat,  etc.,  should  be  avoided  and  re- 
placed by  easily  digested  articles.  Over-eating  and  drinking 
is  a  prolific  source  of  the  disease  in  tropical  countries.  Alcohol 
is  always  contraindicated,  since  it  deoxidizes  the  adrenoxidase  of 
the  gastric  Juice  and  lowers  its  digestive  activity  in  proportion.* 

*  Author's  conclusion. 

lo*  Allen  A.  Jones:    Jour.  Amer.  Med.  Assoc.,  July  30,  1898. 

Tyson:    Loc.  cit.,  p.  382. 
io«  Strong  and  Musgrave:    Bull,  of  Johns  Hopkins  Hosp.,  Feb.,  1901. 
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Fresh  water,  without  ice,  should  be  used  as  a  sole  beverage. 
Bismuth  subnitrate,  in  15-grain  doses  (1  gm.),  taken  one  hour 
before  each  meal,  and  washed  down  slowly  with  a  half-tumbler- 
ful of  water,  is  carried  by  the  latter  directly  to  the  intestine, 
and  markedly  reduces  the  local  congestion  before  the  next  meal 
enters  the  canal.  Towards  the  end  of  each  meal,  5  grains  (0.3 
gm.)  of  pepsin  aid  considerably  the  digestive  process  and  avoid 
the  formation  of  the  intestinal  irritants.  If  there  is  gastric 
atony,  and  the  digestion  be  abnormally  slow,  a  small  pill  com- 
posed of  extract  of  gentian,  grain  (0.033  gm.),  and  extract 
of  nux  vomica,  ^/^  grain  (0.016  gm.),  taken  twenty  minutes 
before  each  meal  in  addition  to  the  foregoing  measures,  is 
indicated.  In  mild  cases,  these  remedies,  a  light  diet,  and  rest 
— since  a  considerable  portion  of  muscle-wastes  are  eliminated 
by  way  of  the  intestine  and  tend  to  aggravate  the  local  lesions — 
soon  prove  beneficial  and,  if  persisted  in,  curative.  In  severe 
cases,  the  reduced  diet  should  be  replaced  by  an  all-milk  diet, 
taking  care  that  the  patient  be  supplied  daily,  distributed 
throughout  the  three  meals,  the  quantity  of  sodium  chloride 
eliminated  daily  with  the  urine,  i.e.,  V2  ounce  (15.5  gms.).* 

The  milk  treatment  fails  in  many  eases  because  the  fact  is  over- 
looked that  milk  is  very  poor  in  sodium  chloride.  This  salt  is  all  the 
more  essential  in  that  it  takes  part  in  the  formation  of  the  gastric  hydro- 
chloric acid,  which  plays  in  the  present  disorder  a  cardinal  role  as  will 
be  shown  presently. 

The  treatment  of  the  neurasthenic  form  differs  from  the 
preceding  in  that  the  main  indication  is  to  raise  the  functional 
activity  of  the  adrenal  system  to  its  normal  level  and  thus 
increase  the  functional  activity  of  the  stomach  and  pancreas.* 
The  treatment — dietetic  and  medicinal — indicated  in  the  first 
form,  is  likewise  of  advantage  here.  After  a  week  or  so,  how- 
ever, when  the  acute  irritability  of  the  intestinal  canal  begins 
to  disappear,  as  shown  by  a  marked  diminution  of  the  number 
of  stools  and  of  the  tenesmus  and  general  discomfort,  the 
pepsin  should  be  omitted,  and  a  capsule  containing  strychnine 
sulphate,  ^Ao  grain  (0.0016  gm.),  and  thyroid  extract,  2  grains 
(0.13  gm.),  given  during  each  meal  to  increase  the  proportion 
of  auto-antitoxin  in  the  intestinal  secretions.*  The  diet  can 
then  be  increased  gradually  to  the  normal  quantity,  the  patient 
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bein^  warned  to  avoid  foods  that  produce  bulky  wastes,  irri- 
tating condiments,  and  alcohol,  and  any  kind  of  food  which  he 
has  found  by  experience  is  digested  with  difficulty.  Cases  in 
which  there  is  a  history  of  syphilis  yield  promptly  to  treatment 
addressed  to  this  condition.  High  enemata  of  normal  saline 
solution  at  104°  F.  (40°  C.)  hasten  materially  the  curative 
process  in  all  forms  of  chronic  diarrhoea. 

When  the  general  asthenia  is  not  marked,  regulation  of 
the  diet,  the  bismuth  before  meals  and  strychnine  during  the 
meal  usually  prove  efficacious.  The  functional  torpor  of  the 
pancreas  may  be  counteracted  and  recovery  greatly  hastened, 
however,  by  administering  dilute  hydrochloric  acid,  20  to  30 
drops  in  water  after  meals.  On  reaching  the  duodenum  the 
acid  stimulates  the  pancreas  and  causes  it  to  increase  its  pro- 
duction of  trypsin.  This  enhances  not  only  the  efficiency  of  the 
intestinal  digestion,  but  also  the  intracellular  functions  of  the 
digestive  leucocytes  and,  therefore,  general  nutrition.* 

The  treatment  of  chronic  diarrhoea  depends  upon  the 
identity  of  the  parasite,  as  far  as  local  treatment  is  concerned ; 
thus,  rectal  injections  of  qtnnine,  1  in  1000  solution,  kill  the 
balantidium,  but  do  not  affect  the  amoeba  coli.  A  solution  of 
1  in  10,000  of  silver  nitrate  used  in  the  same  manner  is  some- 
times effectual  in  destroying  the  latter.  Calomel,  in  small  doses, 
has  been  recommended  by  several  observers ;  it  acts,  as  we  have 
seen,  by  increasing  the  proportion  of  auto-antitoxin  in  the  intes- 
tinal juice,  owing  to  its  powerful  stimulating  action  on  the 
adrenal  system.* 

We  have  seen  that  potassium  iodide  and  mercury  are  most  potent 
adrenal  stimulants.  In  a  case  in  a  syphilitic  subject  reported  by  Lere- 
boullet,'"  the  diarrhoea,  which  had  lasted  eighteen  months  and  had  re- 
sisted all  treatments,  promptly  yielded  to  anti-syphilitic  measures.  The 
same  treatment  is  in  reality  effective  irrespective  of  any  syphilitic  dis- 
ease. Its  action  through  the  adrenal  system  is  supplemented  by  a  direct 
effect  on  the  organisms.  Quincke"^  states  that  calomel  is  toxic  to  all 
protozoa.  Hydrochloric  acid  has  been  found  very  useful  by  Allen  A. 
Jones,'™  Soupault,""  Aaron"^  and  others. 


*  Author's  floncUixion. 

LerebouUet:   La  semaine  med.,  July  4,  1900, 
'"8  Quincke:    Berl.  klin.  Woch.,  Bd.  xxxvi,  S.  1001,  1032,  1899. 

A.  A.  Jones:   Lon.  cit. 
"0  Soupault:    Le  bull,  med,,  vol.  xvi.  p.  255,  1902. 
1"  Aaron:    Medical  Age,  Feb.  25,  1903. 
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TYPHOID  FEVER. 

Synonyms. — Enteric  Fever;  Abdominal  Typhus;  Ner- 
vous Fever;  Autumnal  Fever. 

Definition. — Typhoid  fever,  a  disease  characterized  by  the 
penetration  into  the  intestinal  lymph  follicles,  and  often  into 
the  fluids  of  the  body  at  large,  of  the  bacillus  typhi  or  of  the 
bacillus  coli  (when  the  latter  has  assumed  virulence)  and  their 
toxins  or  endotoxins,  is  the  expression  of  a  reaction  of  the 
adrenal  system,  having  for  its  purpose  to  rid  the  body  of  these 
pathogenic  germs  and  their  poisons.* 

Symptoms. — The  incubation  period  lasts  generally  two  or 
three  weeks,  occasionally  less.  The  symptoms  appear  gradually, 
beginning  with  a  feeling  of  weariness,  slight  nausea,  loss  of 
appetite,  sometimes  diarrhoea.  The  tongue  becomes  coated, 
the  expression  dull.  Pain  is  often  present  as  headache,  and  in 
the  back  and  legs;  in  the  head  and  neck  it  is  sometimes  so 
severe  and  persistent  as  to  resemble  that  of  meningitis.  The 
rise  of  temperature  is  usually  ■  gradual,  sometimes  sudden,  to 
reach  102°  R  (38.9°  C.)  or  even  103°  F.  (39.5°  C.)  by  the 
time  the  disease  is  well  started.  Chills  of  varying  severity,  fol- 
lowed by  sweats,  are  not  unusual.  At  the  onset,  delirium  and 
bronchitis  may  also  be  seen,  the  latter  especially  in  children. 
In  the  pneumonic  and  renal  types  of  tj^Dhoid,  the  nature  of  the 
disease  is  likely  to  be  marked  for  some  days  by  evidences  of 
pneumonia  or  acute  nephritis ;  at  the  end  of  this  period  the 
diagnosis  is  warranted  if  fever  is  observed  to  continue. 

The  disease  is  generally  considered  to  have  begun  when 
the  patient  is  obliged  to  take  to  bed.  From  this  time  on  it  is 
found  convenient  to  summarize  the  symptoms  as  they  occur  in 
successive  weekly  periods. 

First  Weel'. — The  pains  already  mentioned  persist.  The 
intellect  is  generally  blunted,  but  this  is  not  an  infallible  sign. 
Wakefulness  is  sometimes  met  with,  but  there  is  usually  no 
delirium  in  the  first  week.  Fever  continues,  and  the  skin  is 
hot  and  dry;  a  diffuse  erythematous  rash  may  appear.  The 
daily  temperature  shows  a  slight  rise  from  morning  to  even- 
ing; it  also  rises  gradually  throughout  the  week.    The  pulse 
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shows  greater  frequency,  less  marked,  however,  than  the  tem- 
perature rise ;  it  is  easily  compressed  and  often  dicrotic. 

Near  the  end  of  this  period,  spots  of  a  rose  color  appear  on 
the  skin,  usually  on  the  abdomen.  They  number  usually  not 
more  than  twenty  or  thirty,  except  in  those  cases  where  the 
distribution  is  widespread.  Other  symptoms  include  nausea, 
disinclination  to  take  solid  food,  white  furred  tongue,  diarrhoea 
(occasionally  constipation)  and  slight  cough.  At  the  end  of 
the  week  the  spleen  is  found  to  be  enlarged,  but  it  is  rarely  the 
seat  of  pain.   The  urine  is  usually  lessened. 

Second  Week. — The  symptoms  become  more  severe.  There 
is  rapid  loss  of  strength.  Dullness  of  countenance  and  apathy 
increase,  until  the  face  shows  little  or  no  expression;  deafness 
is  an  additional  factor.  The  headache  slowly  disappears,  and 
is  replaced  by  delirium  of  variable  severity,  more  apt  to  be  of 
a  quiet,  muttering  character  than  otherwise.  The  rose-colored 
spots  appear  on  the  abdomen  and  chest  in  successive  crops,  each 
lasting  three  or  four  days,  and  leaving  a  slight  discoloration  of 
the  skin.  The  temperature  remains  high  and  may  rise  above 
that  attained  in  the  first  week;  diurnal  variations  continue. 
The  height  which  it  reaches  affords  commonly,  but  not  invari- 
ably, an  indication  of  the  severity  of  the  case.  The  pulse-beat 
shows  a  rise  in  frequency,  but  usually  does  not  exceed  100  until 
the  latter  part  of  the  second  week.  The  first  sound  of  the 
heart  is  perceptibly  lowered  in  volume,  and  congestion  in  the 
lungs  may  appear  as  an  evidence  of  cardiac  weakness.  Moist 
and  dry  rales  may  be  heard.  The  tongue  again  has  a  white, 
furry  coat;  later  this  disappears,  leaving  the  tongue  bare  and 
red,  with  a  tendency  to  become  dry  and  cracked.  The  lips  are 
similarly  affected.  Commonly  the  mouth  contains  mucus,  which 
renders  it  sticky  and  hinders  mastication,  and  provokes  thirst, 
while  the  gums  and  tongue  are  apt  to  bleed.  The  stomach  is 
less  irritable  than  during  the  first  week,  but  in  general  nau- 
sea and  anorexia  persist.  The  abdomen  is  now  found  to  be 
tympanitic,  owing  to  the  accumulated  gases  resulting  from  fer- 
mentation and  the  inability  of  the  weakened  muscular  layer 
to  drive  it  out.  Constipation  may  occur,  but  more  commonly 
there  are  numerous  diarrhoeal  evacuations,  ochre-yellow  m 
color,  copious,  liquid,  with  shreddy  matter  and  offensive  odor. 
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In  these  stools  the  bacillus  of  typhoid  can  be  detected  in  the 
course  of  the  second  week.  Death  occasionally  occurs  toward 
the  end  of  this  period,  owing  to  perforation  of  the  intestine. 

Third  Week. — Muscular  weakness  and  emaciation  have 
become  marked.  Delirium  is  continued,  depending  in  severity 
on  the  individual.  In  the  severe  type  it  may  be  replaced  by 
coma  vigil  and  subsultus  tendinum.  Staring  eyes  and  flushed 
skin  give  the  face  a  peculiar  expression;  the  patient  is  no 
longer  conscious.  The  rose-colored  spots  continue  to  appear. 
Kepeated  sweats  occur  at  this  stage,  in  a  few  cases  earlier  in 
the  course  of  the  disease.  They  are  followed  by  eruption  of 
small,  temporary  vesicles  or  sudamina.  The  temperature  con- 
tinues high,  but  with  more  considerable  remissions,  the  morn- 
ing and  evening  determinations  differing  sometimes  by  three 
or  four  degrees.  The  pulse  is  now  found  to  be  more  frequent 
and  small  in  volume.  The  cardiac  first  sound  is  markedly 
weakened.  In  bad  cases  breathing  may  be  shallow  and 
hastened. 

Diarrhoea  is  continued  and  may  be  severe;  large  numbers 
of  bacilli  are  present  in  the  stools.  Sometimes  the  stomach 
remains  irritable,  and  the  resulting  insufficient  nutrition 
causes  the  patient  to  become  exhausted.  J aundice  is  occasionally 
seen;  with  it  is  often  associated  epistaxis  of  corresponding 
severity.  In  such  cases  the  stools  are  dark  colored  and  the 
urine  contains  albumin.  Thrombosis  of  the  veins  is  not  uncom- 
mon and  usually  occurs  in  the  legs.  Dilation  of  the  heart 
from  degeneration  and  weakening  of  the  musculature  should 
be  watched  for;  the  first  sound  is  decreased  and  the  second 
pulmonic  accentuated.  The  quantity  of  urine  is  now  greater, 
and  its  toxicity  remains  high,  particularly  when  treatment  with 
cold  baths  has  been  used.  Typhoid  bacilli  are  found  in  the 
urine  in  twenty-five  per  cent,  of  all  cases. 

At  this  stage  perforation  and  haemorrhage  are  commonest. 
These  are  favored  by  the  accumulation  of  gas  in  the  bowel. 
Haemorrhage  occurs  in  about  5  per  cent,  of  the  cases  and  is 
fatal  in  one-third  of  this  number.  It  may  be  gradual  and  slight 
in  amount,  or  sudden  and  voluminous.  The  symptoms,  which 
sometimes  appear  before  haemorrhage  has  occurred,  include 
lowered  temperature,  cold  skin,  weak  and  frequent  pulse.  The 
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likelihood  of  fatal  result  is  indicated  by  the  degree  of  prostra- 
tion of  the  patient.  In  general,  the  loss  of  blood  is  followed 
by  cessation  of  delirium  and  return  of  consciousness.  Pain  is 
present  in  some  cases  of  haemorrhage. 

Perforation  of  the  intestine  is  accompanied  by  a  fall  in 
temperature,  also  by  a  cold  skin  and  increased  pulse-rate,  as  in 
the  case  of  hismorrhage.  There  is  sudden  pain  in  the  belly, 
in  most  cases ;  the  abdomen  is  at  first  tense,  but  soon  shows 
swelling  from  the  escape  of  gas  from  the  gut.  The  face  has 
a  pinched  expression,  and  the  rate  of  respiration  is  increased. 
Vomiting  is  not  uncommon.  The  urine  may  be  lessened  in 
amount.  Death  almost  invariably  follows  perforation,  either 
at  once  from  collapse,  or  in  the  course  of  a  few  days  from 
peritonitis.  Perforation  and  peritonitis  sometimes  follow 
hsemorrhage,  but  it  may  occur  without  perforation.  Death  can 
resiilt  from  complicating  inflammations  in  various  portions  of 
the  body,  commonly  in  the  lungs.  This  may  occur  in  cases 
otherwise  apparently  mild. 

Fourth  \Yeel:. — In  this  period  the  symptoms  usually 
diminish  in  severity,  and  convalescence  begins.  Sweats  are 
likely  to  persist.  The  temperature  gradually  falls  and  becomes 
intermittent,  being  normal  in  the  morning  and  rising  again  in 
the  evening.  Additional  elevations  may  be  noted  as  the  result 
of  excitement,  exertion,  or  mistakes  in  diet.  The  pulse-rate 
usually  subsides  to  normal,  but  may  remain  high  for  some  time. 
Evidence  of  continued  cardiac  weakness  is  sometimes  seen  in 
oedema  of  the  lower  extremities,  and  thrombosis  of  the  veins  is 
common  in  this  stage.  Boils  and  bed-sores  may  occur,  and  the 
hair  has  a  marked  tendency  to  fall  out.  Inflammation  of  the 
bones  is  not  unusual  in  the  young  during  convalescence. 

In  more  serious  cases  of  typhoid,  the  s3rmptoms  may  con- 
tinue through  the  fourth  and  fifth  weeks.  Sometimes  the  tem- 
perature may  show  irregular  and  rapid  rises  and  falls  of  wide 
range.  Emaciation  and  weakness  are  marked  in  these  prolonged 
cases.  The  pulse  becomes  very  weak,  and  the  sphincter  muscles 
lose  their  tonicity.  Death  may  occur  from  perforation,  exhaus- 
tion, or  cardiac  failure. 

Pathogenesis  and  Pathologfy. — The  bacilli  of  the  typhoid 
group  include  the  colon  bacillus  and,  whether  as  a  result  of 
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rapid  multiplication  of  the  latter  or  of  the  assumption  by  it 
of  greater  activity,  it  can  assume  the  virulence  of  the  typhoid 
bacillus  irrespective  of  any  infection,  when  the  environment  is 
suitable.  In  the  intestinal  canal,  which  contains  constantly  the 
bacillus  coli  communis,  the  condition  which  renders  possible  such 
an  assumption  of  virulence  by  this  germ  is  the  presence  in  the 
intestinal  juice  of  an  insufficient  proportion  of  auto-antitoxin.* 

Typhoid  fever  may  be  caused,  therefore,  without  infection 
of  external  origin  when,  either  through  hypoactivity  of  the 
adrenal  system,  or  through  excessive  utilization  of  the  blood's 
adrenoxidase  (as  during  exhaustion  and  prolonged  exertion  or 
labor),  the  proportion  of  auto-antitoxin  in  the  body  at  large  is 
inadequate.*  This  accounts  for  the  development  of  typhoid 
fever  in  the  so-called  "spontaneous  origin"  group :  in  troops, 
after  long  and  exhausting  marches,  in  the  overworked  and 
debilitated,  etc.,  where  there  is  no  evidence  of  infection  by 
typhoid  bacilli  of  exogenous  origin.* 

In  the  great  majority  of  cases,  however,  the  disease  is 
caused  by  typhoid  bacilli  ingested  with  food  or  beverages, 
especially  water  derived  from  a  contaminated  source.  While 
debilitated  individuals,  i.e.,  individuals  in  whom  the  adrenal 
system  is  hypoactive  (and  whose  intestinal  juice  is  therefore 
poor  in  auto-antitoxin)  are  more  readily  infected,*  subjects  in 
apparently  normal  health  do  not  seem  to  be  exempt. 

The  close  kinship  between  the  colon  bacillus  and  the  typhoid  ba- 
cillus is  now  generally  recognized.  Ohlmacher'-"  writes  in  this  connec- 
tion: "One  of  the  most  significant  arguments  for  the  close  relationship 
of  these  bacterial  groups  seems  to  be  afforded  by  the  now  generally 
adopted  practice  of  'rejuvenating'  bacilli  of  the  colon  group  secured 
from  saprophytic  surroundings,  as  from  water,  by  growing  them  for 
several  generations  under  the  artificial  laboratory  environment  before 
making  physiologic  differential  tests."  .  .  .  "Many  of  the  acquired 
characteristics  make  a  suspiciously  typhoid-like  behavior  in  a  so-called 
colon  bacillus." 

The  development  of  typhoid  fever  among  troops  during  hard  cam- 
paigns involving  much  fatigue,  is  well  known.  Houston"'  states  that 
"the  efficiency  of  the  army  medical  service,  although  high,  has  failed  to 
prevent  the  British  troops  in  South  Africa  from  suffering  from  enteric 
fever  to  a  deplorable  extent."  Constans  of  Montpelier"*  showed  twelve 
years  ago,  that  fatigue  was  a  very  important  factor  in  the  pathogenesis 
of  typhoid  fever;  while  T.  Legry"^  concludes,  with  other  observers,  that 

*  Author's  conclusion. 

"-Ohlmacher:    "Amer.  T.  B.  of  Pathology,"  p.  234,  1901. 
"3  Houston:    Brit.  Med.  Jour.,  Aug.  17,  1901, 
1"  Constans:    Brit.  Med.  Jour.,  Feb.  16,  1895. 
"5  T.  Legry:    Gaillard's  Med.  Jour.,  Jan.,  1896. 
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"overwork,  fatigue,  loss  of  sleep,  poverty,  immoderate  exercise,  play  a 
very  important  part"  in  the  development  of  sporadic  cases  and  epi- 
demics. 

That  the  colon  bacillus  may  become  pathogenic  under  the  circum- 
stances mentioned  is  suggested  by  the  marked  intiuenee  of  general  adyn- 
amia upon  the  virulence  of  the  pneumocoecus,  although  in  the  case  of 
the  latter  germ,  the  pathogenicity  is  due  to  its  rapid  multiplication. 

Some  of  the  morbid  phenomena  enumerated  are  but 
manifestations  of  a  violent  reaction  of  the  body's  protective 
resources.*  The  fact  tliat  animals  may  be  immunized  by 
gradually  increased  doses  of  living  or  dead  typhoid  bacilli  and 
that  they  are  now  known  to  cause  the  appearance  of  a  bacterio- 
lytic and  antitoxic  substance  in  their  blood,  points  clearly 
to  the  identity  of  the  organs  stimulated  by  the  typhoid  toxin 
or  endotoxin:  those  of  the  adrenal  system,  through  the  test- 
organ.*  Hence  the  marked  febrile  process,  which  continues  until 
the  pathogenic  organisms — living  and  dead — and  their  toxins 
or  endotoxins  are  destroyed.* 

The  energy  with  which  the  protective  functions  are  stimu- 
lated by  the  typhoid  toxins  or  endotoxins  is  well  shown  by  the 
marked  localized  leucocytosis  evoked  in  favorable  cases.*  The 
swelling  of  the  intestinal  lymphoid  follicles  is  in  fact  greatly 
due  to  the  presence  therein  of  an  enormous  number  of  phago- 
cytic endothelioid  cells.  This  is  an  important  feature  of  the 
prognosis  of  these  cases,  since  the  efficiency  of  the  defensive 
process  depends  greatly  upon  the  power  of  the  small  and  large 
phagocytes — microphages  and  macrophages — to  offset  the  mul- 
tiplication of  the  typhoid  germs.  The  importance  of  this  fact 
is  also  emphasized  by  the  identity  of  these  follicles  as  barriers  to 
general  infection.* 

The  protective  vaccinations  used  during  the  war  in  South  Africa 
by  Sir  A.  E.  Wright  elucidated  many  of  the  above  features;  they  showed 
clearly  the  reaction  of  the  body  under  their  infliience  and  an  increase  of 
what  he  terms  the  "bacteriotropic  substances" — which,  as  I  have  shown, 
is  composed  of  the  aggregate  of  bodies  which  make  up  auto-antitoxin. 

As  to  the  localized  leucocytosis,  Ohlmacher^^"  writes:  "From  the 
more  recent  and  precise  histological  studies,  especially  those  by  Mallory, 
it  appears  that  the  tumefaction  of  the  intestinal,  mesenteric  and  splenic 
lymph-apparatus  is  due  to  the  excessive  proliferation  of  the  phagocytic 
endothelioid  cells  arising  from  the  lymph-spaces,  lymph-vessels  and  endo- 
thelial layers  of  the  blood-vessels.  These  cells  are  diffusely  scattered 
throughout  the  swollen  follicles  and  glands  in  immense  numbers,  or  ac- 
cumulated in  large  groups,  and  they  manifest  pronounced  phagocytic 
activity,  as  well  as  multiplication  or  retrogressive  changes." 


•  Author's  conclusion. 
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If  the  phagocytes — both  small  and  large,  the  latter  (the 
macrophages)  ingesting  the  former  when  bacteria-laden — 
succeed  in  ridding  the  lymphoid  follicles  of  the  pathogenic 
germs,  a  feature  of  the  average  case  which  occurs  about  the 
eighth  or  tenth  day,  resolution  occurs.  The  amoeboid  cells 
collect  the  local  detritus  and  remove  it  and  the  lymphoid  ele- 
ments resume  their  normal  functions. 

When,  however,  such  is  not  the  case,  both  the  small  and 
large  phagocytes,  either  because  of  excessively  rapid  multipli*- 
cation  of  the  bacilli,  or  inability  of  the  phagocytic  cells  to 
digest  them*  (through  deficiency  of  the  digestive  agent — the 
auto-antitoxin — they  contain),  and  also  the  epithelial  elements, 
become  necrotic,  and  sloughing  occurs;  a  grayish  mass  of  cel- 
lular detritus  is  then  formed  which  becomes  detached.  This 
usually  carries  the  case  to  the  end  of  the  third  weel'.  The  de- 
tached slough  leaves  a  dangerous  feature  of  the  lesions,  how- 
ever, viz.,  a  round  or  elliptical  ulcer  occupying  a  solitary  follicle 
or  a  portion  of  a  Peyers  patch  which  may  reach  down  to  the 
muscular  layer  and  even  through  to  the  serous  coat.  It  may 
also  give  rise  to  intestinal  licenvorrhage,  owing  to  erosion  of  an 
artery  or  vein;  or  perforation  of  the  intestinal  wall  may 
be  followed  by  peritonitis,  a  condition  which  may  also  be 
brought  about  by  extension  of  the  inflammatory  process  in  the 
lymphoid  tissues. 

Eesolution  of  the  ulcerated  areas  begins — provided  the 
reparative  functions  be  adequate — as  soon  as  the  slough  has 
fallen  off,  new  epithelium  growing  into  the  area  from  its  peri- 
phery. Fortunately,  the  cicatricial  tissue  formed  is  longitudin- 
ally disposed,  and  does  not,  therefore,  tend  to  cause  constriction 
of  the  corresponding  portion  of  the  intestinal  canal.  The 
healing  process  terminates  the  fever. 

This  differs  only  from  the  usual  version  in  that  the  all-importance 
of  the  pliagocytes  is  emphasized.  It  is  not  deemed  necessary,  therefore, 
to  adduce  evidence. 

Treatment. — The  cardinal  indication  suggests  itself  in  the 
light  of  the  foregoing  facts,  viz.,  to  enhance  not  only  the  bac- 
teriolytic powers  of  the  blood  as  soon  as  possible,  but  to  charge 
it  simultaneously  with  thyroidase  (opsonin)  in  order  to  sensi- 
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tize  the  bacteria  and  activate  their  ingestion  and  digestion  by 
the  phagocytes.* 

The  first  step  in  this  direction  is  accomplished  by  admin- 
istering— when  the  patient  is  first  seen,  and  even  vi^here  the 
diagnosis  is  not  certain — calomel  in  5-grain  (0.3  gm.)  doses 
every  three  hours  until  green  liquid  stools  occur.  Biliverdin, 
which  gives  the  passages  this  color,  being  mainly  composed  of 
reduced  adrenoxidase,*  these  stools  indicate  that  an  active  bac- 
teriolytic and  antitoxic  process  has  been  provoked  both  in  the 
liver  and  intestine.  It  does  not  show,  however,  that  the  latter 
has  been  rid  of  the  pathogenic  germs  it  contains,*  and  inasmuch 
as  dead  typhoid  bacilli  are  pathogenic,  the  intestinal  canal 
should  be  cleared  of  them  by  provoking  a  flow  of  intestinal 
fluid  (which  contains  auto-antitoxin)  through  it,  by  means  of 
a  saline  purgative — either  a  bottle  of  citrate  of  magnesia  or 
a  dose  of  Epsom  salts.  Violent  saline  purgation  should  be 
avoided,  however,  since  it  depletes  too  freely  the  blood  of 
serum  and  of  adrenoxidase,  and  reduces,  therefore,  its  defensive 
properties.* 

Calomel  has  an  excellent  record  in  the  treatment  of  typhoid  fever. 
Liebermeister,  Bouchard  and  other  equally  prominent  authorities  have 
placed  it  first  in  the  list  of  our  resources.  It  has  also  formed  the  founda- 
tion of  various  methods  which  have  shown  a  low  mortality,  even  though 
its  effects  were  hampered  by  the  addition  of  intestinal  "antiseptics"  and 
other  injudicious  combinations.  The  value  of  Kalb's  method  to  abort 
typhoid  fever  by  mercurial  inunctions  in  eases  seen  before  the  ninth  day, 
was  confirmed  by  Bartlett'"  and  others.  In  Bartlett's  cases  the  tem- 
perature fell  to  normal  on  the  third  day  of  treatment,  and  all  symptoms 
had  disappeared  by  the  sixth.  J.  C.  Wilson"*  treated  systematically 
five  cases  by  means  of  hypodermic  injections  of  calomel.  The  cases  were 
all  severe,  and  all  recovered.  Three  of  them  ran  an  exceptionally  favor- 
able course.  The  author  concluded  that  calomel  thus  introduced  into 
the  organism  exerts  a  decided  therapeutic  influence  in  ameliorating  the 
symptoms  and  in  modifying  the  temperature  range  in  enteric  fever. 
Andrievsky""  conducted  a  series  of  experiments  to  determine  the  value 
of  calomel.  In  71  cases  calomel  was  given  in  a  dose  of  30  grams  (4  gr. ) 
thrice  daily,  while  for  the  purpose  of  comparison  quinine  was  given  in 
the  same  doses  in  40  other  cases.  The  patients  in  the  first  group  con- 
tinued to  take  the  calomel  till  their  evening  temperature  became  normal ; 
this  result  was  obtained  after  a  total  amount  of  the  drug,  varying  from 
8  to  20  grams  (2  to  5  drachms),  had  been  taken.  Stomatitis  never 
occurred,  nor  was  diarrhcea  aggravated.  The  disease  in  all  these  patients 
was  mild  in  type  and  often  aborted.  The  fever  abated  more  quickly, 
and  the  mortality  (2.82  per  cent.)  was  less  than  in  the  eases  treated 
with  quinine.    No  patient  who  was  put  on  the  calomel  treatment  within 

*  Author's  conclusion. 

i"Bartlett:    Australasian  Med.  Gaz.,  Nov.,  1888. 
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the  first  week  of  the  illness,  died.  After  using  it  in  90  cases,  C.  H. 
Lewis^^"  concluded  that  calomel  was  the  most  useful  agent  at  our 
disposal.  Bettman,"^''  who  concludes  in  the  same  vein,  gave  calomel 
hourly  in  Vi2"gi"ain  (0.0055  gm. )  doses  as  much  as  twelve  days  before 
salivation  appeared,  a  sign  that  these  cases  show  considerable  toleration. 
Hackett,'--  who  regards  mei'cury  as  a  specific  in  typhoid  fever  (blue  mass 
to  point  of  toleration  and  an  alkaline  every  morning),  reached  a  similar 
conclusion.    A  large  number  of  authors  recommended  calomel. 

The  larger  preliminary  doses  and  the  saline  purgative 
should  be  followed  by  small  doses,  ^/^^  grain  (0.0065  gm.),  of 
calomel  every  three  hours  to  sustain  and  enhance  the  functional 
activity  of  the  adrenal  system.*  This  may  be  continued  until 
salivation  appears,  when  the  intervals  between  the  doses  may  be 
increased  sufficiently  to  keep  its  action  Just  within  this  symp- 
tom, which  shows  that  the  limit  of  safety  has  been  reached. 

The  second  indication,  namely,  to  sensitize  (opsonize)  the 
bacilli  and  facilitate  their  ingestion  by  phagocytes,  is  not  sat- 
isfactorily met  by  mercury;*  it  must,  therefore,  be  brought 
about  through  another  agent  such  as  thyroid  extract,  which  con- 
tributes thyroidase  (opsonin)  to  the  blood.*  Its  use  with  mer- 
cury would  offer  some  danger,  however,  since  it  might  coincide 
with  the  presence  of  an  amount  of  thyroidase  almost  sufficient 
to  sensitize  the  depressor  nerve  and  thus  inhibit  the  functional 
activity  of  the  adrenal  system* — an  undesirable  result.  Iodine 
and  the  iodides  are  preferable.  Given  with  mercury,  ^/j  grain 
(0.033  gm.)  of  iodine  and  5  grains  (0.3  gm.)  of  potassium 
iodide  night  and  morning,  are  suffiicient  to  insure  adequate 
sensitization  of  all  pathogenic  elements.*  In  cases  in  which  the 
mercurials  cannot  be  used,  iodine  and  the  iodides  can  be  used 
alone,  as  shown  below.  In  that  ease,  however,  thyroid  extract 
will  prove  more  active,  5  grains  (0.3  gm.)  three  times  daily 
being  sufficient  to  increase  markedly  the  blood's  defensive 
properties. 

Iodine,  recommended  by  Sauer  in  1840,  has  likewise  been  consid- 
ered a  "specific"  in  typhoid  fever.  Klietseh,'^^  for  example,  after  using 
a  combination  of  potassium  iodide  and  iodine  in  81  cases,  had  but  two 
deaths,  one  caused  by  perforation  due  to  a  dietetic  error,  the  other 
from  meningitis.  These  results  were  obtained  during  an  epidemic,  and 
were  considerably  better  than  those  obtained  by  him  during  the  same 
epidemic  in  40  cases  treated  by  the  standard  method — cold  baths.  Cavaz- 


*  Atithor's  rnnclu-tion. 
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zani"*  reported  62  eases.  He  began  with  a  calomel  purge,  followed  it 
up  with  sulphate  of  sodium  and  then  the  iodine,  giving  twenty  drops 
(adults)  of  a  solution  containing  7%  grains  (0.5  gm. )  of  iodine,  70 
grains  (4.6  gm.)  of  potassium  iodide,  in  divided  doses  daily.  He  found 
that  this  treatment  not  only  gave  better  results  than  any  other,  but  that 
the  complications  were  less  frequent,  that  the  temperature  was  rapidly 
reduced  and  finally  that  the  convalescence  period  was  considerably 
shorter  than  is  usually  the  case.  Ceriolo,'"  who  practices  in  a  region 
in  which  the  disease  is  endemic  and  always  severe,  states  that  since  he 
has  been  using  iodine  systematically,  all  his  cases  remained  mild — -even 
those  which  had  shown  a  stormy  onset. 

A  method  of  the  utmost  importance  in  typhoid  fever,  as 
in  all  febrile  diseases,  is  the  use  of  saline  solution  from  the 
outset  to  preserve  the  osmotic  properties  of  the  body  fluids, 
and,  therefore,  the  efficiency  of  the  defensive  functions.*  Even 
though  the  blood  be  rich  in  auto-antitoxin,  abnormal  viscidity 
of  the  blood  itself,  and  especially  of  the  lymph,  prevents  its 
action  on  germs  and  the  poisons  derived  from  them.  The  reader 
is  referred  to  the  general  article  on  page  1367  for  the  necessary 
details. 

The  diet  should  be  that  generally  advocated,  viz.,  one  hav- 
ing in  view  the  fact  that  the  intestine  is  the  seat  of  lesions  which 
render  the  use  of  foods  that  impose  physical  irritation  or  undue 
peristaltic  action  upon  the  organ  dangerous,  in  that  they  tend 
to  promote  local  complications. 

The  prevailing  custom  is  to  await  hsemorrhage  or  the  practical 
collapse  of  the  patient  before  using  the  saline  solution.  As  shown  in  the 
article  referred  to,  this  is  based  upon  the  prevailing  lack  of  apprecia- 
tion of  the  importance  of  the  inorganic  salts  upon  all  functions,  and 
particularly  upon  the  defensive  fimctions.  Acting  upon  my  conclusions 
to  this  effect,  published  in  1903,  Todd'^"  used  saline  solution  from  the 
outset  and  found  that  it  kept  the  tongue  moist — the  dry,  parched  tongue 
indicating  deficiency  of  fluids  and  alkaline  salts — and  that  the  course 
of  the  disease  was  generally  improved.  The  important  feature  of  his 
observation,  however,  is  that  he  found  that  saline  beverages  proved  as 
efi'ective,  used  in  the  following  way:  Ten  grains  (0.6  gm.)  of  sodiiim 
chloride  and  5  grains  (0.3  gm.)  of  potassium  bicarbonate  added  to  8 
ounces  (236  gm.)  of  water;  a  teaspoonful  of  lemon  juice  is  added, 
which  produces  a  mild  effervescence  and  renders  the  drink  very  palatable. 
J.  Madison  Taylor  found  that  the  ordinary  decinormal  gave  equally 
satisfactory  results  used  as  a  beverage.  The  cardinal  indication  is  to 
insure  an  adequate  intake  of  this  fluid  to  replace  as  much  as  needed  of 
the  half-oimce  (1.5  gm. )  of  sodium  chloride  voided  every  day  with  the 
urine  and  other  excretions,  and  which  is  not  replaced  when  the  diet  is 
low. 


*  Author's  conchision. 

Cavazzani:   Ritorma  medica,  June  5  and  6,  1900. 
i2sceriolo:    Gazzeta  degH  Ospedali,  vol.  xxvi,  p.  74,  1905. 

Todd:    Medical  Record,  Apr.  14,  1906. 
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As  to  the  use  of  cold  baths,  they  are  not  necessary  if  the 
foregoing  measures  are  carried  out.  Sponging  is  useful,  how- 
ever, wlien  the  temperature — a  manifestation  of  the  curative 
process — exceeds  103°  T.  (39.5°  C),  to  enhance  the  dissipa- 
tion of  heat  from  the  skin. 

If  hcemorrhage  occur,  the  aim  should  be  to  cause  constric- 
tion of  the  intestinal  arterioles  ;*  we  have  seen  that  morphine 
produces  this  effect.  Its  value  is  shown  by  the  fact  that  it  is 
generally  employed  in  this  identical  condition.  Constipation 
is  best  met  by  means  of  large  enemas  of  saline  solution  at  110° 
F.  (43.3°  C). 

Prophylaxis. — The  influence  of  excessive  fatigue,  a  predis- 
posing cause  in  the  epidemics  observed  in  troops  during  ardu- 
ous campaigns,*  should  be  borne  in  mind,  in  view  of  the  like- 
lihood that  the  bacillus  coli  can  assume  the  virulence  of  the 
typhoid  bacillus.*  Proper  periods  of  rest  and  increased  trans- 
portation facilities  will  obviate  this  danger.  An  important 
feature  of  this  question  is  that  "excessive  fatigue"  means  in 
this  connection,  abnormal  consumption  of  adrenoxidase,  nucleo- 
proteid  and  of  the  zymogens  which  jointly  sustain  metabolism 
- — the  identical  substances  of  which  auto-antitoxin  is  composed.* 
The  use  of  agents  such  as  quinine  or  coffee,  which  stimulate 
the  adrenal  and  vasomotor  centers,  is  therefore  indicated.*  A 
very  pernicious  agent  in  this  connection  is  alcohol,  which,  by 
reducing  the  blood's  adrenoxidase,  produces  effects  similar  to 
fatigue.* 

While  a  militia  officer,  during  my  younger  days,  I  frequently  noted 
the  pallor  which  overcame  the  men  of  my  command  after  a  prolonged 
parade,  regimental  drills,  etc.,  a  elear  indication  of  two  facts,  viz.: 
that  their  adrenoxidase  had  become  deficient,  and  that,  as  a  result,  the 
blood-pressure  was  abnormally  low.  The  pernicious  influence  of  alcohol 
in  this  connection  was  referred  to  when  that  agent  was  studied. 

In  civil  life,  infection  occurring  often  irrespective  of  any 
appreciable  subjective  cause,  we  have  a  powerful  prophylactic 
combination  in  thyroid  extract,  2  grains  (0.13  gm.)  and 
quinine,  2  grains  (0.13  gm.)  taken  after  meals,  when  there  is 
a  likelihood  of  infection  or  even  when  the  premonitory  symp- 
toms of  the  disease  have  occurred.  Thyroid  extract,  by  increas- 
ing powerfully  the  bacteriolytic  power  of  the  blood,  and  quinine. 


*  Author's  conclusion. 
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by  driving  the  blood  towards  the  capillaries,  cause  the  intestinal 
mucosa  and  its  lymphoid  follicles  to  become  congested  with 
blood  rich  in  protective  properties,  while  the  digestive  activity 
of  the  phagocytes  is  also  increased.  Both  the  blood  and  its  cells 
being  likewise  fully  supplied  with  thyroidase,  pathogenic  germs 
are  readily  sensitized,  thus  augmenting  greatly  their  vulner- 
ability to  destruction  by  the  phagocytes. 

Iodine  and  the  iodides  can  also  be  combined  with  quinine, 
preferably  the  quinine  hydrochlorate.  None  of  the  other  agents 
of  our  pharmacopoeia  are  sufficiently  active  to  afford  adequate 
protection.* 


*  Author's  conclusion. 


CHAPTER  XXXI. 


THE  INTERNAL  SECRETIONS  IN  THEIR  RELATIONS 
TO  PATHOGENESIS  AND  THERA- 
PEUTICS (Continued). 

THE  ADRENAL  SYSTEM  IN  DISEASES  OF  THE  BLOOD. 

The  pathogenesis  of  the  "anaemias"  is  considerably  eluci- 
dated by  the  views  and  evidence  I  submit  in  the  present  volume. 
In  true  anaemia,  the  fact  that  the  adrenal  system  governs  the 
proportion  of  adrenoxidase — oxyhsemoglobin — that  the  blood 
contains,  at  once  imposes  itself  as  an  important  feature  of  the 
problem,  especially  in  view  of  the  purpose  I  have  ascribed  to 
the  iron-laden  hsmatin,  viz.,  to  anchor  this  oxidizing  substance 
in  the  red  corpuscles  pending  its  distribution  to  the  tissues. 
The  pathogenesis  of  the  disease,  as  I  conceive  it — absence  of 
iron  to  hold  the  oxyhaemoglobin  (adrenoxidase)  and  insuffi- 
ciency of  the  latter  through  depressed  activity  of  the  adrenal 
system — becomes  self-evident.  In  pernicious  anaemia,  the  exag- 
gerated haemolysis  finds  as  ready  an  explanation  in  an  excess 
of  auto-antitoxin  in  the  blood  through  overactivity  of  the 
adrenal  system,  excited  by  autotoxins  derived  from  food  and  tis- 
sue-wastes. In  chlorosis  we  have  a  more  complicated  order  of 
phenomena :  marked  hypoactivity  of  the  adrenal  system,  and, 
as  a  result,  general  vasodilation  and  ischsemia  of  the  peripheral 
vessels.  The  general  vascular  relaxation  entails  another  import- 
ant pathogenic  feature,  however:  inadequate  circulation  of  the 
blood  in  the  hepatic  capillaries,  and  therefore  imperfect  assimil- 
ation of  iron,  a  function  in  which  the  liver  plays  a  cardinal  role. 
Finally,  in  haemophilia,  we  have  an  example  of  congenital  hypo- 
activity  of  the  adrenal  system.  This  entails  a  constant  defi- 
ciency of  adrenoxidase  in  the  blood,  and  since  adrenoxidase  is 
the  fibrin  ferment,  the  coagulative  properties  of  the  blood  are 
very  deficient;  it  preserves  its  fluidity  even  when  a  vessel  is 
ruptured  therefore,  and  flows  from  the  vessel  as  if  it  were  water. 
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ANEMIA. 

Definition. — Anasmia,  a  disorder  characterized  by  pallor,  in 
which  the  red  corpuscles  may  or  may  not  be  destroyed,  may  be 
brought  on  by  several  morbid  conditions,  the  most  prominent 
of  which  are :  a  deficiency  in  the  corpuscular  hasmatin,  of  the 
iron  Vv'hich  anchors  the  adrenoxidase  (oxyhemoglobin)  in  the 
red  corpuscles  pending  its  distribution  to  the  tissues;  hypo- 
activity  of  the  adrenal  system  and  the  resulting  general  vaso- 
dilation, a  condition  which  entails  an  accumulation  of  blood  in 
the  splanchnic  area  and  ischaemia  of  the  cutaneous  capillaries.* 

Symptomatology,  Pathology  and  Pathogenesis. — Some  pal- 
lor of  the  skin  and  mucous  membranes,  with  perhaps  slight 
dyspnoea,  and  a  tendency  to  become  fatigued  without  undue 
exertion,  constitute  the  entire  symptomatology  of  mild  cases. 
In  more  advanced  or  grave  cases,  the  pallor  may  become  very 
marked ;  the  mucous  membranes,  especially  those  of  the  fauces 
and  gums,  being  almost  blanched.  There  is  mental  and  physical 
depression  and  a  marked  tendency  to  indolence.  "Palpitations," 
faintness,  irritability,  neuralgia,  anorexia,  indigestion,  dyspnoea 
on  exertion,  headache,  disorders  of  menstruation,  and  constipa- 
tion are  common  phenomena.  There  is  general  hypothermia 
of  the  periphery,  the  hands  and  feet  being  usually  cold.  The 
pulse  is  often  rapid,  large  and  soft,  though  no  fever  be  pres- 
ent. The  specific  gravity  of  the  urine  is  low,  and  the  urea 
excreted  may  be  considerably  below  normal.  Oedema,  especially 
of  the  ankles,  is  occasionally  observed.  Physical  examination  in 
severe  eases  usually  elicits  the  fact  that  the  heart  is  dilated, 
and  a  venous  hum  in  the  veins  of  the  neck,  coupled  with  a  sys- 
tolic bellows  murmur  over  the  carotid  arteries,  is  frequently 
heard.  In  some  instances,  a  systolic  murmur  may  be  detected 
over  the  aorta  and  pulmonary  artery. 

These  phenomena  may  be  said  to  represent  the  aggregate  symp- 
tomatology— as  to  main  signs — of  the  various  forms  of  benign  anaemia. 
In  some  instances  but  few  of  these  signs  appear;  in  others  the  entire 
symptom-complex  is  very  marked. 

Examination  of  the  blood  may  reveal  no  diminution  of  the 
red  corpuscles,  or  of  the  hfemoglobin.  But  this  is  a  spurious  or 
pseudo-ancemia,  the  result  of  relaxation  of  the  vascular  system 
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and  accumulation  of  the  blood  in  the  great  central  vessels  at  the 
expense  of  that  in  the  peripheral  capillaries.  This  condition, 
due  to  depression  of  the  vasomotor  center,  such  as  that  produced 
by  chloral,  the  bromides  (q.v.),  etc.,  is  generally  observed  in 
nervous  disorders,  in  new-comers  in  tropical  countries,  and  arte- 
riosclerosis and  other  conditions. 

Ehrlich.  and  Lazarus"^  define  anaemia  as  "a  quantitative  and  quali- 
tative diminution  of  tlie  amount  of  blood."  This  definition  does  not 
include,  however,  a  morbid  condition  which  explains  many  cases  of 
benign  anismia  we  meet  in  practice,  i.e.,  those  due  to  an  accumulation 
of  blood  in  the  greater  central  blood-channels,  a  condition  which,  by 
depleting  the  peripheral  capillaries,  provokes  pallor.  Under  the  caption 
"Local  Anaemia,"  Osier,-  for  instance,  states  that  "local  anaemia  of  the 
brain,  causing  swooning,  ensues  when  the  mesenteric  channels,  capable 
of  holding  all  the  blood  of  the  body,  are  wide  open."  Vasomotor  relaxa- 
tion alone  accounts  for  this  and  the  sudden  pallor  that  attends  swoon- 
ing proves  that  chronic  depletion  of  the  cutaneous  vessels  may  be  a 
cause  of  chronic  pallor,  which  may  be,  and  often  is,  taken  for  true  anaemia. 
Indeed,  several  other  characteristic  symptoms  of  true  anaemia  may 
appear;  thus  dyspnoea  may  result  from  the  fact  that  the  capillaries 
of  the  air-cells  likewise  fail  to  receive  sufficient  blood  to  satisfy  the 
needs  of  the  body,  as  emphasized  by  J.  H.  White.'  The  irritability  so 
often  observed  in  anaemics  finds  an  explanation  in  the  fact  that  auto- 
toxins  accumulate  in  neural  elements,  including  those  of  the  brain,  when 
the  oxidation  processes  therein  are  slackened.  The  increase  of  cardiac 
dullness  which  denotes  dilation,  a  symptom  upon  which  F.  Milller*  lays 
stress,  may  likewise  be  caused  by  diminution  of  the  blood  supplied 
to  the  myocardium.  Cohnstein  and  Zuntz^'  long  ago  attributed  to  vaso- 
motor narrowing  of  the  peripheral  vessels  the  marked  fluctuations  in 
the  number  of  red  cells  so  often  observed.  This  undoubtedly  accounts 
for  the  observation  of  Pokrowsky"  that  the  first  dose  of  iron  (which, 
we  have  seen,  stimulates  the  vasomotor  center)  sometimes  causes  a  rise 
of  temperature — which  would  mean,  in  the  light  of  the  foregoing  data, 
that  the  peripheral  capillaries  become  richer  in  arterial  blood. 

Anemia  due  to  insufficient  food  likewise  belongs  to  the 
category  of  pseudo-angemias.*  The  red  corpuscles  not  only  fail 
to  become  reduced  in  number  during  periods  of  experimental 
starvation,  but  they  are  sometimes  increased.  The  percentage 
of  leucocytes,  however,  may  be  considerably  reduced,  owing  to 
the  absence  of  the  periodical  leucocytosis  connected  with  diges- 
tion and  inadequate  nutrition  of  the  leucoeytogenic  organs.* 
Since  the  salts  of  the  blood,  especially  sodium  chloride,  are 
obtained  from  food,  they  are  also  deficient;    the  albumins 

•  Author's  conrJunion. 

1  Ehrlich  and  Lazarus:  Nothnagel's  "Encyclo.  of  Pract.  Med.,"  Amer.  ed., 
vol.  on  Dis.  of  Blood,  p.  15.  1905. 

2  Osier:    "Pract.  of  Med.,"  sixth  edition,  p.  718,  1905. 

3  J.  H.  White:  Birmingham  Med.  Rev.,  Oct.,  1900. 
*  Miiller:    Berl.  klin.  Woch.,  Bd.  xxxii,  S.  824,  1895. 

Cohnstein  and  Zuntz:    Pfliiger's  Archiv,  Bd.  xlii,  S.  303,  1888. 
8Pokrowsky:    Virchow's  Archiv,  Bd.  xxii,  S.  476,  1861. 
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are  likewise  diminished  for  the  same  reason.  The  hypothermia, 
coldness  of  the  extremities,  etc.,  observed  in  those  cases  indi- 
cate that,  as  in  the  group  reviewed  above,  there  is  not  only 
deficient  general  oxygenation — owing  to  the  depressed  condition 
of  the  adrenal  center — but  also  depression  of  the  general  vaso- 
motor center  and  recession  of  blood  from  the  periphery  to  the 
great  central  mesenteric  channels.* 

Senator  and  Miiller'  observed  in  the  fasting  subjects,  Cetti  and 
Breithaupt,  that  in  the  former  the  number  of  red  corpuscles  was  in- 
creased 1.000,000  after  ten  days'  fast,  while  the  leucocytes  decreased 
from  12,000  to  4200.  Referring  to  this  and  other  experiments,  Lazarus' 
says  in  this  connection,  "from  exact  experiments  on  man  and  animals, 
therefore,  the  conclusion  can  be  drawn  that  sudden  absolute  withdrawal 
of  nourishment  is  not  capable  of  producing  an  ansemia."  In  the  course 
of  his  remarks  on  the  influence  of  insufficient  food,  he  also  states: 
"Sahli  first,  after  him  Laache,  Oppenheimer  and  others,  demonstrated 
that  individuals  with  very  pale  skin  and  mucous  membranes  frequently 
showed  a  normal  percentage  of  haemoglobin  and  a  normal  number  of 
corpuscles." 

In  the  toxic  anaemias,  i.e.,  those  due  to  various  poisons  and 
to  bacterial  toxins,  the  vasomotor  center  is  likewise  depressed.* 
To  this  category  belong  the  anaemias  observed  (1)  in  workers  in 
lead  and  arsenic,  (2)  in  chronic  alcoholism  and  the  excessive 
use  of  tobacco,  (3)  syphilis,  malaria,  malignant  tumors,  diph- 
theria, tuberculosis  and  helminthiasis. 

In  this  group  of  anaemias,  however,  another  morbid  factor 
asserts  itself,  namely,  deficient  functional  activity  of  the  adrenal 
center,  which  entails  a  corresponding  deficiency  of  adrenoxidase 
in  the  blood.*  Adrenoxidase  being  fibrin  ferment,*  the  coagula- 
tion period  of  the  blood  is  lengthened.  The  diminution  of  adren- 
oxidase causing  the  quantity  formed  to  be  utilized  by  the  blood 
itself  and  the  tissues  with  unusual  rapidity,*  the  red  corpuscles, 
its  carriers,*  become  more  or  less  reduced  in  size  (poikilocy- 
tosis)  because  they  are  inordinately  depleted.  As  adrenoxidase 
is  likewise  the  albuminous  constituent  of  the  haemoglobin  mole- 
cule,* the  hsemoglobin  is  reduced  (oligochromfemia),  but  less  so 
usually  than  the  red  corpuscles  themselves ;  since  the  adrenoxi- 
dase is  continually  being  reformed  through  the  adrenals,*  while 
the  red  cells  are  diminished  pathologically.    The  reduction  of 

*  Author's  conclufiinn. 

'  Senator  and  Miiller:    IMd.,  Bd.  cxxxi.  Supp.,  1893. 

8  Lazarus:  Nothnagel's  "Encyclo.  of  Pract.  Med.,"  vol.  on  Dis.  of  Blood, 
p.  191,  1905. 
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the  red  corpuscles  (oligocythaemia)  is  a  normal  result  of  the 
deficiency  of  adrenoxidase — the  bone-marrow  being  inadequately 
nourished,*  the  genesis  of  the  cells  is  correspondingly  inhibited. 
The  same  morbid  influence  naturally  impairs  leucocytogenesis  ;* 
if,  therefore,  the  blood  is  examined  between  the  postprandial 
periods  of  leucocytosis,*  the  relative  percentage  of  leucocytes 
is  found  reduced.  When  this  is  marked,  the  postprandial  leuco- 
cytosis is  also  unusually  low  and  less  food,  including  blood-salts, 
being  taken  up  from  the  alimentary  canal,*  the  alkalescence  of 
the  blood  is  deficient.  This  is  shown  by  the  increase  of  the 
blood-platelets,*  a  concomitant  phenomenon. 

The  familiar  paralytic  phenomena  of  chronic  lead-poisoning  clearly 
point  to  the  impairment  of  nutrition  caused  by  lead,  a  function  gov- 
erned, we  have  seen,  by  the  vascular  and  adrenal  systems.  As  to  arsenic, 
ample  evidence  has  been  submitted  showing  that  it  is  the  physiological 
antagonist  of  thyroidase  which  upholds  the  functional  efficiency  of  the 
adrenal  center.  As  to  its  influence  on  the  vasomotor  center,  H.  C.  Wood^ 
states  that  "arsenic  greatly  lessens  the  rate  and  force  of  the  pulse-beat 
and  markedly  lowers  the  blood-pressure."  Chronic  mercurial  poisoning 
provokes  symptoms  similar  to  those  of  lead,  but  as  we  will  see,  the 
anaemia  here  is  due  to  haemolysis. 

As  to  the  role  of  the  vasomotor  and  adrenal  systems  in  the  anae- 
mias due  to  various  toxins,  Grawitz^"  has  shown  that  extracts  of  ma- 
lignant growths  do  not,  when  injected  into  the  blood,  affect  the  red 
corpuscles  or  the  haemoglobin  directly,  thus  proving  that  the  anaemia  is 
due  to  some  indirect  influence.  The  identity  of  the  organ  upon  which 
this  influence  is  produced  is  well  shown  by  the  observation  of  Loeb  and 
Smith,"  that  the  cephalic  portion  of  ankylostoma  contains  a  substance 
which  inhibits  coagulation.  As  adrenoxidase  is  the  fibrin-ferment,  the 
depressing  action  of  the  toxic  substance  on  the  adrenal  center  is  self- 
evident.  In  the  light  of  this  fact  and  others  previously  submitted,  the 
sequence  of  events  recited  above  assumes  a  normal  aspect. 

The  ancemias  due  to  hcemorrJiage  following  injuries,  or  from 
the  lungs,  stomach,  intestines,  uterus,  kidneys,  and  ruptured 
aneurism,  lesions  of  intestines  due  to  parasites,  violent  epistaxis, 
or  occurring  in  the  course  of  purpura,  scurvy,  etc.,  are  marked  in 
proportion  as  the  blood  lost  during  a  given  time  is  great.  The 
ansemia  is  rapidly  developed,  the  face  being  blanched  if  the 
loss  is  great.  This  is  promptly  followed  by  great  muscular 
weakness,  weak  and  rapid  pulse,  cold  sweats,  coolness,  espe- 
cially of  the  extremities,  dyspnoea,  vertigo,  fainting,  weakness 
of  the  voice,  tinnitus,  hallucinations  of  smell,  flashes  of  light 


*  Author's  conclusion. 

»  H.  C.  Wood:    "Therapeutics,"  etc.,  eleventh  edition,  p.  447,  1900. 
lOGrawitz:    Virchow's  Archiv,  Bd.  Ixxvi,  S.  353,  1879. 

"Loeb  and  Smith:    Proceedings  Pathol.  Soc.  of  Phila.,  vol.  xxv,  p.  173,  1904. 
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and  finally  syncope,  during  which  there  may  be  delirium  and 
convulsions,  and  finally,  death.  If,  however,  the  haemorrhage 
cease  spontaneously,  or  be  arrested  before  one-half  of  the  blood 
in  the  body  has  been  lost,  recovery  may  ensue,  the  patient 
remaining  extremely  weak  for  some  time.  In  less  severe  cases, 
two  or  three  weeks  suffice  to  complete  the  recovery,  especially 
in  women. 

After  moderate  haemorrhages  the  liquid  portion  of  the 
blood  is  replaced  at  the  expense  of  the  lymph  in  the  tissues.  As 
this  liquid  is  serum,  the  cellular  elements  are  alone  reduced, 
the  red  cells  numbering  as  low  as  2,000,000  in  these  cases  and 
below  1,000,000  after  severe  haemorrhages,  though  the  leuco- 
cytes, which  are  produced  with  great  relative  rapidity,*  may 
be  somewhat  increased.  Water  being  simultaneously  absorbed 
from  the  alimentary  canal  in  the  more  severe  cases,  the  increase 
of  both  fluids  in  the  blood  is  more  rapid  than  that  of  the  cells 
and  haemoglobin;  as  the  case  progresses,  therefore,  examina- 
tion of  the  blood  may  suggest  an  unfavorable  course,  i.e.,  that 
the  cells  and  hgemoglobin  are  steadily  reduced.  This  phenome- 
non is  but  a  temporary  one,  however;  after  a  few  days  the  tide 
turns  and  uninterrupted  recovery  follows.  This  is  mainly 
because  the  adrenals,  of  all  organs,  seem  alone  to  continue  their 
important  functions  uninterruptedly.*  Proof  of  this  is  af- 
forded by  the  facts  that  the  blood  becomes  much  more  coagulable 
immediately  after  bleeding  and  that  the  blood-platelets  are  also 
greatly  increased.  Both  the  blood-platelets  and  the  fibrin  fer- 
ment being  adrenoxidase,  the  manner  in  which  the  coagulability 
is  increased  is  obvious.*  The  relative  paucity  of  red  corpuscles 
causes  some,  at  least,  of  these  cells  to  absorb  an  unusual  propor- 
tion of  adrenoxidase  and  they  appear  swollen.*  In  most  cases, 
however,  their  size  is  somewhat  reduced;  they  are  paler  than 
usual,  and  many  of  them  are  nucleated. 

The  leueocytosis  that  attends  the  digestive  process,  inflammatory 
processes,  etc.,  indicates  that  a  great  relative  genesis  of  these  cells  can 
occur  physiologically  as  implied  above.  The  increase  of  coagulability  is 
referred  to  by  Ehrlich  and  Lazarus^  as  an  "important  alteration  which 
takes  place  immediately  after  the  haemorrhage,  and  is  sometimes  active 
in  checking  it.  According  to  E.  Freund's  investigations,"  add  these 
authors,  "the  time  of  coagulation  may  be  hastened  from  nine  to  three 
minutes  by  haemorrhage."    Under  haemophilia  we  will  see  that  this  is 

*  Author's  conclusion. 

"Ehrlich  and  Lazarus:    lor.  cit.,  p.  163,  1905. 
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precisely  what  occurs  when  thyroid  extract  is  given,  and  that  the  in- 
crease of  coagulability  is  due  to  an  increase  of  fibrin-ferment,  i.e.,  of 
oxidase,  in  the  blood.  The  fact  that  the  fibrin  ferment  (adrenoxidase) 
and  the  blood-platelets  are  identical  substances,  is  further  sustained  by 
the  additional  statement  of  Ehrlich  and  Lazarus  that,  as  observed  by 
Hayem,  "the  blood-platelets  are  markedly  increased  in  post-haemor- 
rhagic  ansemia" — concurrently,  therefore,  with  the  increased  coagulating 
properties  of  the  blood. 

Another  important  cause  of  anaemia,  especially  among  the 
poor,  is  the  use  of  food  deficient  in  iron,  as  the  only  nutriment, 
i.e.,  milk,  bread,  rice,  potatoes,  etc.  The  haemoglobin  percentage 
not  only  fluctuates  according  to  the  quantity  of  iron  in  the  food, 
because  this  metal  is  the  fundamental  constituent  of  hsematin 
(the  coloring-matter  of  haemoglobin),  but  also  because  it  serves 
as  binding  agent  between  the  hsematin  and  the  adrenoxidase 
(the  albuminous  portion  of  the  haemoglobin  molecule)  as  the 
latter  is  being  formed  in  the  lungs.*  Besides  this  cardinal  func- 
tion, iron  is  an  ubiquitous  component  of  the  chromatin  of 
nuclei,  the  living  portion  of  the  cell.*  Hence  it  is  also  found  in 
nucleo-proteid,  the  food-product  from  which  the  structural 
components  of  both  haemoglobin  and  chromatin  are  derived. 
Food  deficient  in  iron  produces  angemia,  therefore,  by  reducing 
the  proportion  of  haemoglobin  built  up  in  the  body;  moreover, 
it  inhibits  general  nutrition  by  impairing  the  molecular  struc- 
ture of  the  living  substance  of  the  tissue-cell.*  This  form  is 
mainly  observed  among  subjects  who  are  deprived  of  meat  and 
fruit,  which  contain  enough  iron  to  satisfy  the  needs  of  the 
organism. 

Verdeil,  in  1849,  showed  that  the  blood-ashes  of  dogs  fed  on 
bread  showed  considerable  less  iron  than  when  they  were  fed  on  rich 
meat  diet.  Von  Hoslin  found  that  a  diminution  of  iron  in  food  and  not 
of  the  albumin  altered  the  composition  of  the  blood,  and  particularly  its 
haemoglobin,  an  observation  confirmed  by  Bunge,  Kunkel  and  others.^ 
Bunge"  and  Hausermann"  also  showed  that  very  few  articles  of  food 
(egg-albumin,  rice,  pearl-barley  and  wheat  flour)  contained  less  iron 
than  milk,  i.e.,  2.3  milligrams  co  100  grams,  a  fact  recently  confirmed 
by  Schmey.'^"  In  the  case  of  an  adult  who  lived  exclusively  on  milk, 
observed  by  Hiiusermann,  the  number  of  corpuscles  was  normal,  but  the 
percentage  of  haemoglobin  was  reduced  to  60  per  cent. 

That  the  chromatin  (living  substance*)  of  nuclei  contains  iron 
was  shown  by  Bunge  and  Maeallum"  in  animals  and  plants,  including 

•  Author's  conclusion. 

"  Bunge,  Kunkel  and  others:  Cited  by  Ehrlich  and  Lazarus:  Loc.  cit,  p. 
192,  1905. 

"Bunge:    Zeit.  f.  phvsiol.  Chemie,  Bd.  xvi,  S.  174,  1891. 
1=  Hausermann:    IhUI.,  Bd.  xxiii,  S.  586.  1897. 
"Schmey:    Hoppe-Seyler's  Zeit,  Bd.  xxxix,  S.  215,  1903. 

"  Ma';allum:  Jour,  ot  Physiol.,  vol.  xvi,  p.  268,  1894,  and  Reports  of  Brit 
Assoc.  for  Adv.  of  Sci.,  1896. 
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those,  of  course,  which  are  used  as  foods.  But  this  fact  in  itself  proves 
that  our  own  chromatin  contains  iron,  and  that  food  deficient  in  this 
element  must  impair  not  only  the  haemoglobin-forming  process,  but  also 
the  vitality  of  our  tissues — including  that  of  all  the  nerve-centers — as 
shown  by  experimental  and  clinical  evidence. 

Treatment. — Iron  is  used  promiscuously  in  anaemia;  but 
the  foregoing  groups  indicate  that  in  the  majority  of  instances, 
its  administration  will  prove  futile  unless  the  cause  of  the 
blood-disorder  be  eliminated. 

The  only  exception  is  the  form  of  anasmia  due  to  food  defi- 
cient in  iron,  in  which  this  metal,  coupled  with  a  diet  richer  in 
this  metal  than  the  patient's  usual  food,  will  prove  beneficial 
without  other  remedies.  Blaud's  pill,  one  three  times  daily  for  a 
week,  then  increased  by  one  pill  daily  until  three  pills  are  taken 
after  each  meal,  and  the  addition  of  beef,  eggs  (the  yelk  of 
which  is  rich  in  iron),  spinach,  asparagus  and  fruit,  especially 
apples,  insure  recovery,  especially  if  the  patient  is  able  to  spend 
a  few  weeks  at  the  sea-shore  or  in  the  mountains.  Unfortu- 
nately, a  change  of  diet  of  this  kind  is  inaccessible  to  the  major- 
ity of  cases,  since  this  form  of  anaemia  occurs  mainly  among  the 
poor.  Here,  however,  spinach,  which  is  twice  as  rich  as  beef 
in  iron,  green  cabbage  leaves  prepared  in  various  ways,  and 
which  contain  as  much  iron  as  lean  beef,  may  be  added  to  the 
customary  diet.  White  beans,  carrots  and  wheat-bran  are  inex- 
pensive, but  contain  more  iron  than  potatoes  or  any  of  the  por- 
ridge cereals.  Ferratin,  or  the  dried  sulphate  of  iron,  may  be 
used  advantageously  in  the  rare  cases  in  which  Blaud's  pill  is 
not  well  borne. 

The  tincture  of  the  chloride  of  iron  so  often  used  is  not  a  good 
remedy.  It  tends  to  provoke  constipation.  The  majority  of  cases  in 
which  iron  proves  valueless  are  instances  of  erroneous  diagnosis,  in 
which  the  anosmia  is  due  to  activj  destruction  of  the  red  cells,  i.e., 
haemolysis.  Such  cases  may  rapidly  grow  worse  under  the  influence  of 
iron.  Barnes  recommends  a  neutral  odorless  and  tasteless  solution  he 
terms  iron  vitellin.  Murrell,''  in  a  clinical  study  of  various  forms  of 
iron,  including  Blaud's  pill,  found  that  the  dried  sulphate  gave  the  best 
results  among  the  inorganic  preparations,  while  iron  vitellin,  of  all  the 
organic  preparations,  not  only  proved  the  most  active,  but  also  50  per 
cent,  more  so  as  to  red  corpuscles  and  25  per  cent,  as  to  haemoglobin, 
than  the  best  inorganic  iron. 

In  the  toxic  ancemias,  the  first  indication,  of  course,  is  to 
eliminate  the  causative  poisons,  extrinsic  or  intrinsic,  i.e.,  those 
which  are  depressing  the  vasomotor  and  adreno-thyroid  centers.* 

*  Author's  conrluaion. 

i^Murrell:    Medical  Press,  July  6,  1904. 
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In  workers  in  lead,  potassium  iodide,  given  in  increasing 
doses  after  meals,  and  in  large  quantities  of  water,  is  of  recog- 
nized value ;  these  salts  stimulate  powerfully  the  adreno-thyroid 
center,  and  secondarily  the  vasomotor  center.*  In  arsenic 
anemia,  thyroid  extract  is  indicated,*  since  arsenic  and  thyroid- 
ase  are  physiological  antagonists,  the  latter  being  the  normal 
stimulant  of  the  test-organ.*  In  the  anaemia  of  alcoholism  or 
nicotinism,  cessation  of  the  use  of  alcohol  and  tobacco  is  suffi- 
cient, since  alcohol  robs  the  blood  of  its  oxygen  directly,  while 
nicotine  is  a  vasomotor  depressant.*  In  syphilis,  the  iodides  or 
mercury  come  first  in  order  after  thyroid  extract,*  while  in  the 
anaemia  due  to  malaria,  quinine,  as  an  active  stimulant  of  the 
vasomotor  and  adrenal  systems,  is  of  especial  value. 

The  relationship  between  arsenic  and  thyroid  extract  is  based  on 
the  observation  of  Bedart  and  Mabille/'  confirmed  by  Ewaldj-'  that  tlie 
untoward  plienomena  caused  by  iodothyrin  could  be  reduced  and  even 
prevented  by  the  simultaneous  use  of  arsenic. 

In  the  post-haemorrhagic  form,  no  remedies  are  required. 
A  copious  diet  and  fresh  air  soon  cause  the  blood  to  resume 
its  normal  condition.  The  process  may  be  hastened,  if  neces- 
sary, by  means  of  small  doses  of  thyroid  extract,  2  grains  (0.13 
gm.)  after  each  meal. 

PERNICIOUS  ANEMIA. 

Synonyms. — Progressive  Pernicious  Ancemia;  Idiopathic 
Ancemia. 

Definition.— Pernicious  anaemia,  a  disease  of  the  blood 
characterized  by  extreme  pallor  and  a  marked  reduction  of  the 
red  corpuscles,  is  due  to  the  presence  in  the  blood  of  toxic  sub- 
stances which,  by  overstimulating  the  test-organ,  keep  the  blood 
sufficiently  overladen  with  auto-antitoxin  to  produce  progressive 
haemolysis.  *  * 

Symptoms  and  Pathology. — The  most  prominent  symptom 
is  extreme  pallor,  both  face  and  body  gradually  assuming  a 
lemon-yellow  tint.  The  yellowish  color  usually  deepens  as  the 
case  progresses,  but  it  may  appear  suddenly.  In  contrast  with 
this  hue  is  the  blanched  appearance  of  the  membranes,  the 
mouth,  lips  and  gums. 

*  Author's  conclusion. 
**  Author's  definition. 

"  Bedart  and  Mabille:  C.  r.  dp  la  Soo.  de  biol.,  10  serie,  vol.  v,  p.  556,  1898. 
^"Bwald:    D'e  Therapie  der  Gegenwart,  Sept..  1899. 
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The  blood  is  correspondingly  pale  and  watery.  Examina- 
tion reveals  a  very  marked  reduction  of  the  red  blood  corpuscles. 
While  normally  the  proportion  is  about  5,000,000  to  the  cubic 
millimeter,  it  may  be  reduced  in  this  disease  to  below  500,000, 
and  even  to  a  lower  ratio.  Quincke  reported  a  case  in  which 
there  were  only  143,000  immediately  before  death.  While  the 
haemoglobin  is  also  reduced,  the  ratio  of  this  pigment  to  the 
blood  corpuscles  is  higher  than  usual.  This  is  an  effort  at  com- 
pensation, and  proves  again  that  the  red  corpuscles  are  but 
storage  cells  for  oxyhgemoglobin.*  Many  of  the  corpuscles  be- 
come greatly  enlarged,  being  then  termed  megalocytes.  Some 
are  irregular  in  shape,  i.e.,  poikilocytes,  while  others  again  may 
be  smaller  than  usual:  microcytes;  but  neither  of  these  two 
modifications  of  shape  is  pathognomonic.  Nucleated  red  corpus- 
cles are  almost  always  found,  however,  the  normal-sized  nor- 
moblasts, the  nucleus  of  which  is  markedly  stained,  and  the 
large  megaloblasts  with  pale  nuclei. 

The  onset  of  pernicious  ansemia  is  gradual  and  insidious. 
Weariness  and  weakness  increase  until  the  patient  reaches  a 
state  of  extreme  debility,  with  marked  tendency  to  vertigo  and 
fainting.  Numbness  beginning  at  the  extremities,  weakness  or 
absence  of  tendon  reflexes,  and  paralysis  are  sometimes  wit- 
nessed. Dyspnoea  on  exertion  and  sighing  are  also  prominent 
features.    And  yet,  no  emaciation  occurs. 

These  phenomena  are  generally  ascribed  to  a  gradual  destruction 
of  the  red  corpuscles.  This  view  is  sustained  and  elucidated  by  the 
functions  of  the  adrenal  system.  A  connection  between  this  disease  and 
the  adrenals  was  suggested  by  Addison  in  1855. 

The  adrenoxidase,  of  which  the  red  corpuscles  are  the  carriers, 
being  one  of  the  triad  that  insures  the  functional  efficiency  of  all  tis- 
sues,* reduction  of  the  number  of  red  corpuscles  correspondingly  reduces 
the  volume  of  this  substance.  As  the  muscles  constitute  the  biilk  of  the 
body  tissues,  progressive  weakness  is  the  most  prominent  sign.  This 
explains  also  the  parsesthesia,  loss  of  tendon  reflex,  and  paralysis.  The 
tendency  to  fainting  is  due  to  a  similar  condition  of  the  brain  cells.  The 
dyspnoea  and  sighing  are  characteristic  signs  of  inadequate  tissue  oxy- 
genation. The  absence  of  emaciation  is  ascribable  to  the  fact  that  the 
leucocytes,  which  supply  the  nutrient  granules  to  the  tissues,  are  not 
destroyed  concurrently  with  the  red  corpuscles.* 

The  cardio-vascular  symptoms  are  very  marked.  The  pulse 
is  rapid  and  large,  but  soft,  and  sometimes  jerky.  The  arteries 
and  veins  may  pulsate  and  throb  visibly.    A  loud  venous  hum 


*  Author's  conclusion. 
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can  usually  be  detected,  with  the  stethoscope,  in  the  vessels  of 
the  neck.  Cardiac  murmurs  may  also  be  heard.  The  blood 
coagulates  slowly.  Eetinal  hemorrhage  is  frequently  observed; 
epistaxis,  menorrhagia,  purpuric  eruptions,  and  cerebral  haem- 
orrhage may  occur.  CEdema  of  the  ankles,  face,  and  lungs,  and 
dropsical  effusions  may  appear  at  any  stage. 

These  are  all  manifestations  of  two  conjoined  factors:  general 
vascular  dilation  and  the  diminution,  in  the  blood,  of  fibrin  ferment, 
i.e.,  adrenoxidase.*  The  vascular  dilation  is  due  to  relaxation  of  the 
muscular  coat  of  all  vessels  incident  upon  lowered  oxygenation  of  the 
vessel  walls.  As  a  result,  and  in  accord  with  Marey's  law,  the  pulse 
rate  is  increased.  The  relaxation  of  the  vascular  walls  facilitates  pene- 
tration of  the  blood-plasma  wherever  hypostatic  congestion  occurs; 
hence  the  oedema.  The  adrenoxidase  being  the  fibrin  ferment  which 
converts  fibrinogen  into  fibrin,  the  coagulating  power  of  the  blood  is  im- 
paired and  the  hsemophilic  state  is  initiated.*  This,  added  to  the  watery 
condition  of  the  blood,  provokes  the  haemorrhagic  phenomena.* 

Gastric  and  intestinal  disorders  are  the  rule.  There  is  in- 
disposition to  eat  and  disgust  for  food,  rather  than  true  anorexia. 
Indigestion,  nausea,  vomiting,  and  diarrhoea  are  frequently  ob- 
served. The  gastric  juice  is  generally  deficient  in  hydrochloric 
acid. 

The  activity  of  all  the  gastric  functions,  muscular  and  secretory, 
is  primarily  lowered  owing  to  the  inadequate  supply  of  adrenoxidase, 
which  destruction  of  the  red  cells  entails.  The  peristaltic  action  of  the 
walls  of  the  stomach  being  imperfect,  the  food  undergoes  correspond- 
ingly deficient  preparatory  digestion,  a  morbid  process  aggravated  by 
the  fact  that  pepsinogen,  nucleo-proteid  and  adrenoxidase,  the  three 
active  factors  of  gastric  juice,  are  not  secreted  in  sufficient  quantities.* 
The  deficiency  of  hydrochloric  acid  shows  that  such  is  the  case.  The 
concurrent  relaxation  of  the  cardiac  and  pyloric  muscular  fibers  allows 
the  imperfectly  digested  food  to  penetrate  tiie  intestines,  where  it  meets 
correspondingly  impaired  muscular  and  secretory  functions.  The  succus 
entericus  is  deficient  in  auto-antitoxin,  hence  the  presence  of  gastro- 
intestinal disorders.* 

The  liver,  kidneys  and  spleen  show  an  increase  of  iron 

pigment.    In  the  liver  it  is  usually  found  in  great  quantities 

in  the  lobules  and  the  bile  capillaries.    The  urine,  on  the  other 

hand,  may  be  pale,  but  it  often  contains  urobilin  and  is  dark. 

Both  the  iron  and  the  urobilin  are  products  of  broken-down  red 
corpuscles.  The  iron  which  passes  to  the  intestines  with  the  bile  is 
usually  recovered  by  the  intestinal  leucocytes*  and  utilized  in  the  re- 
construction of  haemoglobin.  The  decrease  of  red  corpuscles  limiting  the 
use  of  all  the  iron,  the  surplus  accumulates  in  the  various  organs  men- 
tioned. Considerable  adrenoxidase  may  also  be  wasted;  this  substance 
and  urobilin  being  identical  bodies,  it  darkens  the  urine  when  oxidized, 
precisely  as  it  does  in  the  skin  when  bronzing  occurs.*  Bronzing  is  also 
observed  sometimes  in  pernicious  anaemia. 


*  Author's  conclusion. 
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Etiology  and  Pathogenesis. — Eepeated  parturition  is  a  pre- 
disposing factor  in  many  cases,  the  disease  being  seldom  encoun- 
tered in  primiparse.  Prolonged  and  immoderate  lactation  also 
appear  as  precursors  in  a  small  proportion  of  cases.  Both  in 
men  and  women,  malaria,  syphilis,  purulent  foci,  especially 
pyorrhoea  alveolaris ;  septicaemia,  gastric  ulcer,  etc.,  are  included 
among  the  causative  intoxications.  The  imperfectly  digested 
food-stuffs  that  remain  in  the  gastro-intestinal  canal,  as  ex- 
plained under  the  previous  heading,  or  intestinal  disorders  pro- 
voked by  intestinal  parasites,  also  act  as  foci  for  a  practically 
continuous  auto-intoxication. 

The  disease  is  due  to  the  presence  in  the  blood  of  any 
poisonous  substance  generated  directly  or  indirectly  through  any 
one  of  these  morbid  conditions,  and  to  the  irritating  influence 
of  this  poison  upon  the  test-organ.*  The  adreno-thyroid  cen- 
ter being  overstimulated,  a  sufficient  excess  of  auto-antitoxin  is 
present  in  the  blood*  to  destroy  the  red  corpuscles  more  or  less 
actively,  i.e.,  to  cause  haemolysis. 

The  fact  that  the  blood  contains  a  substance  which  destroys  the 
red  corpuscles  in  this  disease,  as  shown  by  Bordet  and  also  Ehrlich,  who 
termed  it  "haemolysin,"  is  now  generally  recognized.  The  nature  of  the 
substance,  however,  has  remained  obscure.  As  shown  above,  the  process 
is  readily  accounted  for  through  excessive  functional  activity  of  the 
adrenal  system,  the  auto-antitoxin  including  also,  as  I  have  shown,  the 
iodine-laden  thyroidase  which  contributes  markedly  to  the  destructive 
process. 

The  excessive  functional  activity  of  the  anterior  pituitary,  i.e., 
of  the  test-organ,  in  this  disease,  is  well  shown  by  the  fact  that  in  preg- 
nancy— a  frequent  cause  of  the  disease — the  organ  is  always  overactive, 
being  kept  so,  we  have  seen,  by  the  excess  of  toxic  wastes  which  the 
foetus  contributes  to  the  maternal  blood.  In  1898  Comte^"^  examined 
histologically  the  pituitary  of  a  number  of  women  who  had  died  during 
pregnancy,  and  found  the  anterior  pituitarv  hypertrophied  in  every 
case.  This  was  confirmed  by  Launois  and  Mulon."  Douglas  Stanley^ 
found  marked  lesions  in  the  adrenals  in  a  case  of  pernicious  anaemia. 
The  excessive  activity  of  the  adrenals,  by  causing  an  overproduction 
of  adrenoxidase,  increases  correspondingly  the  oxidizing  power  of  the 
blood.  In  the  liver,  where  the  temperature  is  higher  than  elsewhere, 
the  proteolytic  activity  of  the  blood  is  raised  beyond  the  resisting  power 
of  the  red  corpuscles,  and  those  cells  are  destroyed  (haemolysis)*  in  this 
organ  with  greater  rapidity  than  in  the  general  blood-stream.  Colman,^ 
after  a  study  of  22  cases,  concluded,  in  fact,  that  the  disease  was  essen- 
tially due  to  a  destruction  of  these  cells  in  the  liver.  The  disease  was 
attributed  to  haemolysis  by  Quincke,  thirty  years  ago,  his  opinion  being 

*  Author's  conclusion. 

2»Comte:    Thgse  de  Lausanne,  1898. 

22  Launois  and  Mulon:   Ann.  de  gynec.  et  d'obstet.,  2  serie,  vol.  i,  p.  2,  1894. 

23  Douglas  Stanley:    Brit.  Med.  Jour.,  Feb.  16,  1895. 
2*Colman:    Edinburgh  Med.  Jour.,  Mar.  and  Apr.,  1901. 
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based  on  the  marked  accumulation  of  iron  in  the  liver.  This  view  has 
been  accepted  by  most  observers,  and  is  now  the  prevailing  one,  as 
already  stated. 

Treatment. — In  true  pernicious  ansemia,  iron  is  obviously- 
useless,  since  it  merely  adds  to  that  already  accumulated  in  large 
quantities  in  the  liver  and  other  organs. 

Arsenic — which  acts  by  depressing  the  excessive  activity 
of  the  test-organ,  i.e.,  the  adrenal  system,  reducing  thereby  the 
proportion  of  the  auto-antitoxin  to  which  the  haemolysis  is  due 
— ^has  proven  of  real  value,  but  only  when  given  in  compara- 
tively large  doses.  Beginning  with  5  minims  of  Fowler's  solu- 
tion, the  dose  should  be  increased  at  the  rate  of  1  minim  (0.06 
gm.)  each  day,  until  30  minims  (2  gms.)  are  administered 
three  times  a  day.  It  should  be  persisted  in  for  months,  with 
intermissions  of  a  few  days,  but  only  if  necessary;  and  in  all 
cases  its  use  should  go  hand  in  hand  with  repeated  examina- 
tions of  the  blood.  The  recovery,  as  previously  stated,  is  often 
ephemeral.  The  case  should  be  closely  watched  at  least  two 
years  after  disappearance  of  the  morbid  symptoms,  and  the  use 
of  the  remedy  resumed  as  soon  as  any  indication  of  recurrence, 
as  shown  by  blood  count  at  intervals,  appears.  Sodium  caco- 
dylate  is  suitable  for  hypodermic  use,  ^/^  grain  (0.033  gm.) 
being  injected  three  times  daily. 

The  beneficial  action  of  arsenic  is  readily  accounted  for  when  its 
depressing  influence  on  the  adrenal  system  is  taken  into  account,  as 
above.*  IJedart  and  Mabille-^  found  that  arsenic  counteracted  all  the 
morbid  effects  of  thyroid  medication,  a  fact  confirmed  by  Ewald-'  and 
others.  In  pernicious  anaemia,  therefore,  it  diminishes  the  production 
of  auto-antitoxin  and  thus  arrests  the  haemolytic  process.* 

Antiseptics  have  been  advocated  to  counteract  the  auto- 
intoxication engendered  by  the  putrefactive  contents  of  the 
gastro-intestinal  canal.  SaloJ,  10  to  15  grains  (0.6  to  1  gm.), 
in  capsules,  three  times  a  day,  or  betanaphthol,  2  grains  (0.13 
gm.),  in  pills,  twice  or  thrice  daily,  have  each  given  satisfac- 
tory results  occasionally,  particularly  in  cases  in  which  arsenic 
could  not  be  used,  or  had  to  be  discontinued.  Lavage  of  the 
stomach  and  enemata  of  normal  saline  solution  have  also  been 
used,  mainly  to  remove  accumulations  of  undigested  food-stuffs. 
They  do  more,  however;  the  saline  solution  being  partly  ab- 

*  AutJwr's  conclusion. 

Bedart  and  Mabille:    Loc.  cit. 
28  Ewald:    Loc.  cit. 
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sorbed,  the  osmotic  properties  of  the  blood,  which  are  impaired 
by  the  continuous  overactivity  of  the  adrenal  system,  are  im- 
proved.* Enemata  plus  subcutaneous  injections  of  saline  solu- 
tion and  arsenic  are  very  eiBcient. 

Finely  powdered  bismuth  subnitrate,  in  lO-grain  (0.6  gm.) 
doses,  twenty  minutes  before  meals,  is  a  far  better  antiseptic 
than  either  of  the  above.*  It  is  slowly  absorbed,  and  counter- 
acts gastro-intestinal  irritation.  If  an  impure  salt  happens  to 
be  taken,  the  contaminating  agent  is  arsenic — which  cannot  but 
enhance  its  beneficial  effects. 

Salol  on  reaching  the  alkaline  intestinal  jiiice  splits  into  salicylic 
acid  and  carbolic  acid.  The  latter  ansestLetizes  the  gastro-intestinal 
mucous  membrane,  but,  with  the  salicylic  acid,  disinfects  putrefactive 
contents.  Beta-naphthol  also  dulls  the  sensibility  of  the  canal,  retards 
digestion,  acting  similarly  in  vitro;  and  is  likewise  a  disinfectant. 
Hence  both  remedies  may  aggravate  the  gastro-intestinal  disorder,  but 
their  antiseptic  properties  prove  beneficial  when  the  intestinal  contents 
happen  to  be  very  toxic* 

As  to  the  use  of  saline  solution,  Alex.  McPhedran"  relates  the  case 
of  a  man,  aged  55  years,  in  whom  the  blood-count  showed  480,000  per 
cubic  millimeter;  hsemoglobin,  20  per  cent.  There  was  delirium,  vom- 
iting and  diarrhoea.  Treatment  by  subcutaneous  injections  of  normal 
saline  solution  on  every  alternate  day,  and  the  intervening  of  saline 
enemata,  with  arsenic  internally.  The  patient,  at  the  time  of  the  re- 
port, was  practically  well. 

Various  other  sources  of  intoxication  must  be  antagonized. 
The  presence  of  pyorrhoea  alveolaris,  considered  by  Hunter  as  a 
prominent  source  of  auto-intoxication,  imposes  the  use  of  anti- 
septic mouth  washes  and  dentifrices.  Useful  for  this  purpose, 
after  cleansing  the  teeth,  is  the  following  preparation : — 


Apply  to  the  gums  with  a  cotton  wad  after  caretully  cleansing  the 
teeth  following  each  meal. 

Some  clinicians  emphasize  the  need  of  rest  in  an  armchair 
or  in  bed,  relapses  having  been  known  to  follow  fatigue,  i.e., 
muscular  exertion.   A  light  nutritious  diet  is  also  recommended. 

A  milk  diet  is  a  valuable  measure  in  this  connection. 
Practically  no  waste-products  being  formed  by  this  food,  the 
adrenal  system,  subdued  directly  by  the  arsenic  and  indirectly 
by  the  bismuth  and  the  oral  hygiene,  soon  loses  its  overactivity. 


FI.  ext.  of  hamamelis 
Alcohol, 

Rose  water,  of  each . , 


§ss  (15  gm.). 


3ij  (  8  gm.). 


*  Author's  conclusion. 

"Alex.  McPhedran:    Canadian  Pract.,  Nov.,  1897. 
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and  ceases  to  produce  the  excess  of  adrenoxidase  to  which  the 
destruction  of  red  corpuscles  is  due. 

G.  L.  Gulland^  lays  special  stress  on  diet  in  the  treatment  of 
pernicious  anaemia.  This  should  be  arranged  with  care  to  suit  each 
case,  but  the  broad  principles  are  that,  as  long  as  the  blood-count  is  low, 
it  should  consist  entirely  of  milk  and  farinaceous  food;  no  meat  of  any 
kind  should  be  permitted.  Of  course,  this  change  of  diet  partly  meets 
the  second  indication,  the  diminution  of  bacterial  processes  in  the  in- 
testine. It  is  not  imcommon  to  find  that  patients  when  they  are  first 
seen  have  large  quantities  of  indican  and  similar  substances  in  the 
urine,  and  that  after  a  week  or  two  on  a  farinaceous  diet  these  prac- 
tically disappear. 

^Muscular  exertion  entails  the  production  of  wastes  which  must 
be  converted  in  the  blood  into  eliminable  end-products.  This  means 
overactivity  of  the  adrenal  system  and,  therefore,  increased  destruction 
of  red  corpuscles.*  The  same  untoward  effect  is  provoked  when  meats 
are  allowed.  Their  conversion  into  assimilable  granules  is  imperfectly 
performed  and  toxic  wastes  also  unduly  excite  the  adrenal  system,  thus 
aggravating  the  morbid  process.* 

CHLOROSIS. 

STXON"Tirs. — G-reen  Sickness;  Chlorancemia;  Chlorcemia; 
Morbus  Virgineus. 

Definition. — Chlorosis,  a  form  of  anaemia  characterized  by 
a  yellowish  or  greenish  tinge  of  the  skin,  and  occurring  usually 
in  young  girls,  is  due  to  the  presence  of  three  concurrent  mor- 
hid  factors:  (1)  depressed  functional  activity  of  the  adrenal 
system;  (2)  inadequate  assimilation  of  the  iron  from  food- 
stuffs; and  (3)  marked  diminution  of  the  iron-laden  hsematin 
which  holds  the  adrenoxidase  in  the  red  corpuscles  pending  its 
distribution  to  the  tissues.** 

Symptomatology  and  Pathology. — The  most  striking  symp- 
tom of  this  disease  is  a  yellowish-green  hue  of  the  skin,  lips,  con- 
junctiva and  all  mucous  membranes,  coinciding  with  an  absence 
of  emaciation.  In  a  small  proportion  of  cases,  however,  the 
blood-changes  observed  in  chlorosis  appear  irrespective  of  these 
objective  phenomena,  the  face  being  normal  as  to  color  and 
the  cheeks  rosy.  The  patient  may,  in  fact,  show  some  tendency 
to  adiposis.  Even  in  these  instances,  however,  as  in  the  typical 
cases,  there  is  marked  weakness,  lassitude  and  indisposition  to 
exertion.  The  appetite  is  either  greatly  reduced,  or  capricious, 
the  patient  longing  for  pickles,  vinegar,  etc.,  and  ingesting  such 

*  Author's  conclusion. 
**  Author's  definition. 

=8  G.  L.  GuUand:    Brit.  Med.  Jour..  Jan.  L2,  1907. 
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articles  as  chalk,  slate  pencils,  soil,  etc.  Enteroptosis,  gastrop- 
tosis,  hyperchlorhydria,  gastrodynia  (due  in  some  cases  to  gas- 
tric nicer),  and  movable  kidneys  are  commonly  observed. 
Constipation  is  almost  the  rule.  Dyspnoea,  palpitations,  some- 
times accompanied  with  some  irregularity  in  the  heart's  action, 
though  the  pulse  be  large  and  soft,  are  frequently  noted,  along 
with  purely  functional  cardiac  murmurs,  usually  located  at  the 
base,  and  sometimes  at  the  apex,  when  the  heart  is  markedly 
dilated.  The  murmurs  may  often  be  traced  up  along  the  vessels 
of  the  neck.  Along  the  course  of  the  jugular  vein,  especially  on 
the  right  side,  a  peculiar  venous  hum,  the  "bruit  du  diable,"  is 
also  discernible  in  over  one-half  of  the  cases.  Neuralgia,  vertigo, 
fainting,  moroseness,  and  hysterical  phenomena  are  not  uncom- 
mon, especially  in  young  girls,  who  constitute  the  great  major- 
ity of  cases.  The  eyes  are  unusually  brilliant,  as  in  some  febrile 
disorders,  and  the  sclerotic  appears  bluish.  In  fact,  fever  is 
not  infrequently  observed  in  these  cases.  The  menstrual  flow 
is  usually  scanty  and  sometimes  suppressed,  but  in  a  large  pro- 
portion of  cases,  there  is  metrorrhagia  or  dysmenorrhcea.  The 
urine  is  of  low  specific  gravity  and  deficient  in  urea,  and  is  gen- 
erally very  pale.  (Edema  of  the  face  and  ankles  occurs  in  ad- 
vanced cases.  In  a  small  proportion  of  cases  there  is  a  tendency 
to  thrombosis,  especially  of  the  veins  of  the  legs,  which  exposes 
the  patient  to  a  dangerous  complication :  pulmonary  throm- 
bosis.   The  cerebral  sinuses  may  also  be  affected. 

Birch-Hirschfeld^  and  Kockel/"  according  to  Lazarus,^  "believe 
that  chlorotic  blood  has  a  greater  tendency  to  coagulate,  and  they  asso- 
ciate this  with  the  increased  number  of  blood-platelets."  Indeed,  we 
have  seen  that  adrenoxidase  is  the  fibrin  ferment,  and  that  the  platelets 
are  but  droplets  of  the  former.  StengeP-  refers  to  Leichtenstern's'' 
study  of  16.58  eases  of  chlorosis  in  which  thrombosis  positively  occurred 
only  11  times,  and  "probably  in  a  mild  form  in  a  few  other  instances." 
Thrombosis  is  evidently  a  rare  complication. 

In  typical  cases  of  chlorosis,  the  red  corpuscles  are  not 
diminished  to  any  material  degree,  the  salient  feature  being  a 
reduction  of  the  hgemoglobin.  So  decided  is  this  in  most  cases, 
that  the  blood  and  the  corpuscles  themselves  appear  quite  pale. 

2»  Birch-Hirschfeld:   Congr.  f.  innere  Med.,  Bd.  xi,  S.  28.  1892. 
3»Kockel:    Deut.  Archiv  f.  klin.  Med.,  Bd.  lii,  S.  557,  1894. 

31  Lazarus:  Nothnagel's  "Encyclo.  of  Praot.  Med.,"  vol.  on  Dis.  of  the 
Blood,  p.  402,  1905. 

32  Stengel :  lUd. 

33  Leichtenstern:    Miinch.  med.  W^och.,  Bd.  xlvi,  S.  1603,  1899. 
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The  percentage  of  corpuscles  per  cubic  millimeter  may  exceed  80 
per  cent,  of  the  normal,  while  that  of  the  haemoglobin  may  be  40 
or  lower.  Properly  speaking,  however,  what  is  absent  is  not 
haemoglobin-proper,  but  that  portion  of  it  which  remains  in  the 
red  corpuscles,  i.e.,  ha^matin,*  the  true  blood-pigment.  Its  albu- 
minous portion,  adrenoxidase,  is  not  only  present  in  a  free  state 
in  the  plasma,*  but  in  rare  instances  it  occurs  in  excess  in  the 
latter,  as  shown  by  the  blood's  increased  coagulability — adren- 
oxidase being  the  fibrin  ferment.*  The  paucity  of  hsematin  in 
the  corpuscles  renders  them  incapable  of  holding  the  albumin- 
ous portion  of  hajmoglobin,*  they  appear  not  only  paler  than 
normal,  as  stated,  but  smaller.  Conversely,  some  may,  here 
and  there,  appear  enlarged,  their  undivided  content  in  hsematin 
being  in  that  case  sufficient  to  anchor  an  unusual  quantity  of 
adrenoxidase,  owing  to  the  abnormal  quantity  available  in  the 
plasma.*  Small  nucleated  red  corpuscles  (normoblasts) ,  which 
are  derived  from  the  bone-marrow,  are  also  found  in  the  blood, 
•especially  when  an  active  regenerative  process  is  going  on.  This 
proves  futile,  however,  if  hasmatin,  the  link  between  the  red 
corpuscles  and  the  albuminous  haemoglobin,  be  deficient.*  The 
white  corpuscles  appear  normal  in  all  respects. 

The  marked  diminution  of  haemoglobin  as  compared  to  that  of 
red  corpuscles  was  first  observed  by  Duncan  nearly  forty  years  ago, 
and  the  diagnostic  importance  has  been  sustained  by  the  researches  of 
Hayem,  Sorensen,  Stockman,**  Graber*^  and  others.  In  63  consecutive 
cases  examined  by  Thayer  in  Osier's  clinic,""  the  average  of  red  corpus- 
cles was  4.096,544,  or  over  80  per  cent.,  while  the  average  percentage 
of  haemoglobin  was  42.3  per  cent.  The  variations  in  size  of  the  red 
corpuscles  have  remained  unexplained;  this  is  readily  accounted  for  by 
the  fact  that  the  albuminous  portion  of  the  haemoglobin  has  never  been 
taken  into  account.  As  to  the  nucleated  cells,  Lazarus  refers  to  the 
investigations  of  Neumann,  Bizzozero  and  Ehrlich  as  having  shown  be- 
yond a  doubt,  that  they  are  "the  evidence  of  active  regenerative  proc- 
esses in  the  blood-forming  organs  (bone-marrow)." 

Etiology  and  Pathogenesis. — Although  the  chromatin  of 
meat,  vegetables,  fruit,  etc.,  is  the  mother-substance  of  hsematin, 
the  proportion  of  metallic  iron  absorbed  daily  from  these  food- 
stuffs is  at  best  very  limited,  namely,  from  6  to  10  milligrams 
(^/lo  to  ^/e  gr.)  Moreover,  this  intake  cannot  be  considered  as  an 
asset,  since  it  varies  but  little,  if  at  all,  from  the  output  by  the 

*  Author's  conclufiion. 

stockman :    Brit.  Med.  Jour.,  Dec.  14,  1895. 

Graber:   Cited  by  Lazarus:    Loc.  cit. 
38  Osier:    Loc.  cit.,  p.  722,  1905. 
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urine  and  faeces.  This  indicates  that  the  body  absorbs  from  the 
alimentary  proteids  only  just  enough  iron  to  replace  the  quantity 
normally  utilized  in  the  blood  and  tissues,  and  that  in  case  of 
need,  it  draws  upon  its  reserves  in  the  liver,  spleen,  bone-mar- 
row, etc.* 

We  have  seen  in  the  article  on  iron  that  Bvmge  and  Macallum 
had  shown  that  the  chromatin  of  the  various  proteids,  animal  and 
vegetable,  was  the  mother-substance  of  haemoglobin.  As  to  the  inges- 
tion of  iron,  Stockman^'  found  that  "the  quantity  of  metallic  iron  in 
ordinary  dietaries  seldom  exceeded  10  milligrams  (Vo  gr.)  per  day,  and" 
that  it  "might  be  as  low  as  6  milligrams  (Vio  gr.)  in  people  of  ordi- 
nary appetite  and  digestion."  In  a  subsequent  article,  Stockman  and 
(jj-g'igss  demonstrated  that  "the  iron  metabolism  is  extremely  small  so 
far  as  intake  and  output  is  concerned."  In  one  observation  they  "almost 
exactly  coincided;"  in  others  the  output  even  exceeded  the  intake. 

That  conversely,  iron  may  be  lost  or  eliminated  by  way  of  the 
intestine,  is  sustained  by  considerable  evidence.  As  far  back  as  1852 
Bidder  and  Schmidt^"  ascertained  that  from  six  to  eight  times  more  iron 
was  eliminated  with  the  faeecs,  even  during  fasting,  than  with  the  urine. 
Gottlieb,"  after  feeding  puppies  on  iron-free  food,  injected  iron  sub- 
cutaneously  and  found  nearly  97  per  cent,  in  the  fseces.  That  this  is  by 
no  means  all  excreted  by  way  of  the  liver  and  with  the  bile,  is  proven 
by  the  experiments  of  Nathan,"  which  showed  that  the  greater  part  of 
the  iron  excreted  was  carried  to  the  large  intestine  by  leucocytes.  Hoch- 
haus  and  Quincke*'  hold  that  the  accumulation  of  iron  in  the  submucous 
tissue  of  the  large  intestine  is  connected  with  its  excretion,  and  that 
this  is  probably  effected  by  the  extrusion  of  iron-laden  leucocytes.  The 
opportunities  for  an  output  even  in  excess  of  the  intake  are  evident. 

In  the  great  majority  of  cases  of  chlorosis,  the  disease  is 
due  to  three  morbid  factors  acting  concurrently:  (1)  a  defi- 
ciency of  iron  in  the  patient's  regular  diet,  (2)  depressed  func- 
tional activity  of  the  adrenal  center,*  and  (3)  its  results,*  im- 
perfect digestion  and  assimilation. 

As  to  the  first  cause,  chlorosis  is  most  common  among  ill- 
fed  working  girls  or  "sweat-shop"  hands,  whose  diet  seldom 
includes  meat,  fruit,  and  other  foods  rich  in  iron.  Among  the 
well-fed  classes,  chlorotics  are  likewise  seen,  but  here  the  tastes 
are  catered  to,  and  the  diet  consists  mainly  of  desserts,  especially 
sweets,  cakes,  candy,  ice-cream,  milk,  etc.,  all  of  which  are 
extremely  poor  in,  or  devoid  of,  iron. 


*  Author's  rondumon. 

Stockman:    Jour,  of  Physiol.,  vol.  xviii,  p.  484,  1S95. 
38  Stockman  and  Greig:    IMd.,  vol.  xxi,  p.  55,  1897. 

30  Bidder  and  Schmidt:  "Die  Verdauungssafte  u.  d.  Stoffwechsel,"  S.  411, 
1852. 

"Gottlieb:    Zeit.  f.  physiol.  Chemie,  Bd.  xv,  H,  5,  1891. 
«  Nathan:    Deut.  med.  Woch.,  Feb.  15  and  22,  1900. 

<2  Hochhaus  and  Quincke:  Arch,  f,  exp.  Path.  u.  Pharm.,  Bd.  xxxvii,  S.  159, 
1896. 
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Still,  a  multitude  of  girls,  under  identical  conditions,  do 
not  suffer  from  chlorosis;  a  predisposing  cause  must  prevail, 
therefore,  in  addition  to  these  conditions.  This  is  represented 
by  the  second  cause  mentioned.  The  age  at  which  chlorosis 
most  usually  occurs,  between  15  and  20  years,  coincides  with  the 
period  of  greatest  development,  and  when  the  adrenal  system, 
therefore,  is  under  the  greatest  stress.*  If,  as  is  often  the  case 
with  the  genitalia,  the  pelvis  and  the  breasts  in  these  cases,  the 
organs  forming  the  adrenal  system  are  inadequately  developed, 
they  fail  to  meet  the  needs  of  the  organism,  and  the  vital  process 
in  all  tissues  is  deficient.*  Hence  the  muscular  relaxation — ■ 
the  cause,  in  turn,  of  the  weakness  and  lassitude,  of  the  gastrop- 
tosis  and  enteroptosis,  of  the  cardiac  and  vascular  dilation,  of 
the  large  and  soft  pulse,  of  constipation,  of  all  menstrual  dis- 
orders, etc.,  briefly,  of  all  disorders  in  organs  supplied  with 
muscular  elements.  Hence,  also,  the  many  other  morbid  phe- 
nomena which  general  vascular  relaxation  entails,  viz.,  accu- 
mulation of  blood  in  great  mesenteric  channels,  and  recession 
of  blood  from  the  brain,  lungs  and  skin,  which,  in  turn,  give 
rise  to  the  familiar  vertigo  and  tendency  to  fainting,  dyspnoea, 
coldness  of  the  surface  and  extremities,  and  pallor.*  Finally, 
the  haematopoietic  organs  themselves  are  the  seat  of  inadequate 
metabolism,  as  shown  by  the  average  reduction  of  about  20  per 
cent,  of  red  corpuscles,  a  proportion  which  is  sometimes 
greatly  exceeded. 

The  third  cause  is  a  normal  consequence  of  the  second. 
The  dilation  of  the  stomach  and  intestines,  the  constipation, 
and  the  many  symptoms  appertaining  thereto,  clearly  point 
to  imperfect  digestion,  a  condition  which  in  itself  diminishes 
the  likelihood  that  the  small  proportion  of  iron  absorbed  daily 
from  the  alimentary  canal  under  normal  conditions  will  be 
reduced.  The  intake  being  diminished,  the  reserves  in  the  liver, 
spleen,  etc.,  are  drawn  upon  and  the  time  finally  comes  when 
they  are  exhausted.  This  marks  the  onset  of  the  disease,  i.e., 
the  time  when  the  red  corpuscles,  failing  in  their  supply  of 
haematin,  gradually  lose  their  hold  upon  what  proportion  of 
albuminous  haemoglobin,  or  adrenoxidase,  the  adrenal  system  is 
able  to  produce.* 

*  Author's  conclusion. 
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A  'diet  deficient  in  iron  thus  becomes  more  of  an  aggravat- 
ing factor  than  a  primary  cause  of  chlorosis;  but  we  must  not 
forget  that  in  many  instances  the  deprivation  of  wholesome 
food  has  existed  from  infancy,  and  that  this  in  itself  has  tended 
to  inhibit  the  development  of  the  adrenal  system,  to  prepare  the 
soil,  in  other  words,  for  chlorosis.* 

All  this  applies  as  well  to  other  causes  of  chlorosis.  The 
great  majority  of  cases  occur  in  delicate,  blond  {i.e.,  hair  devoid 
of  iron),  illy-developed  girls,  and  sometimes  boys;  while  its 
causes  are  all  of  a  debilitating  kind,  squalor,  overwork,  pro- 
longed lactation,  exhausting  drains,  profuse  menstruation, 
masturbation,  grief,  nostalgia,  etc.,  all  of  which  tend  to  depress 
the  functional  efficiency  of  the  adrenal  center,  directly  or  indi- 
rectly. This  is  the  underlying  cause  of  chlorosis,  but  only  when 
the  intake  of  iron  from  the  blood  fails  to  compensate  for  the 
output.* 

The  presence  of  adrenoxidase  in  unusual  quantities  in  the  plasma 
previously  referred  to,  does  not  mean  that  an  excess  of  this  body  is 
produced;  it  only  signifies  that  what  proportion  is  unabsorbed  by  the 
red  corpuscles  as  the  albuminous  moiety  of  haemoglobin  circulates  in  a 
free  state  in  the  blood-stream.  Tlie  activity  of  the  adrenal  center  may, 
therefore,  be  far  below  normal  and  adrenoxidase  still  occur  in  the 
plasma. 

Treatment. — To  administer  iron  to  such  cases  without  in- 
creasing the  functional  activity  of  the  adrenal  system  is  not 
judicious,  since  it  tends  to  increase  constipation,  while  being 
wasted  through  the  alimentary  canal.  The  first  feature  which 
requires  attention  is  the  state  of  the  blood.  We  have  seen  that 
it  has  a  marked  tendency  to  coagulate,  and  that  this  has  been 
ascribed  to  blood-platelets.  As  this  points  to  a  deficiency  of 
blood-salts,*  the  use  of  normal  saline  solution  is  indicated.  The 
best  method  in  these  cases  is  to  give  it  in  the  form  of  a  large, 
hot  (110°  F.— 43.3°  C.)  enema  every  other  night,  and,  if  the 
case  be  severe,  to  administer  it  in  small  quantities  either  endo- 
venously  or  hypodermically,  three  days  in  succession,  then  every 
other  day.  The  only  other  indication  at  this  time  is  the  diet 
recommended  for  anaemia,  which  includes  foods  rich  in  iron  and 
alkaline  salts. 

At  the  end  of  a  week,  the  blood  will  have  regained,  at  least 
to  a  certain  extent,  its  normal  osmotic  properties,  and,  the  vege- 


*  Author's  conclusion. 
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tables  aiding,  its  normal  alkalescence.  The  tliyroid  extract,  in 
small  doses,  2  grains  (0.13  gm.)  during  meals,  should  then 
be  begun,  to  enhance,  through  the  adrenal  system,  metabolism 
in  all  its  tissues,  including  the  muscles  of  the  heart  and  vessels.* 
The  tone  of  the  latter  being  improved,  the  distribution  is  equal- 
ized, and  the  adrenoxidase-laden  plasma,  instead  of  circulating 
in  the  larger,  deeper  vessels,  vi^here  it  is  of  but  little  use  to  the 
vital  process  of  the  organism  at  large,  will  now  increasingly  flow 
through  the  capillaries  of  all  organs.  As  this  applies  also  to 
the  muscles  of  the  stomach  and  intestine,  the  gastroptosis  and 
the  constipation  will  also  be  corrected.  The  resumption  by  the 
vessels  of  their  normal  caliber  will  have  another  all-important 
effect  in  this  connection:  it  will  correct  the  main  factor  in  the 
loss  of  iron  ingested,  viz.,  abnormal  intrahepatic  vasodilation 
and  failure  of  the  iron-laden  leucocytes  to  circulate  through  the 
capillaries  of  the  hepatic  cells.  The  iron,  which,  under  these 
conditions,  was  imperfectly  prepared  for  absorption,  will  then 
simply  be  excreted  with  the  faeces — along  with  other  food-pro- 
ducts for  the  formation  of  hgematin.  After  two  weeks  of  thy- 
roid extract,  this  stage  will  have  been  reached,  and  iron,  prefer- 
ably Blaud's  pills,  will  now  prove  beneficial,  since  the  stomach, 
liver  and  intestines  will  have  been  rendered  able  to  prepare  it  for 
its  assimilation  by  the  red  corpuscles,  which,  under  the  influence 
of  the  thyroid  extract,  will  also  have  appeared  in  greater  num- 
ber in  the  blood.* 

Others  have  observed  the  beneficial  effects  of  thyroid  extract. 
Batty  ShaW*^  writes:  "Capitan  and  Camus  describe  the  favorable  results 
of  thyroid  treatment  in  cases  of  severe  chlorosis.  Treatment  by  iron 
was  found  to  be  more  successful  when  combined  with  thyroid  treat- 
ment." 

Other  agents  which  have  proven  beneficial  are  the  iodides. 
But  even  the  iodides  tend  to  increase  the  gastric  disturbance  in 
these  cases.  The  syrup  of  the  iodide  of  iron  is  sometimes  borne 
without  trouble,  in  10-  or  15-drop  doses  in  a  half  tumblerful  of 
water.  Strychnine,  in  full  doses,  with  inhalations  of  oxygen,  is 
very  efficient  in  mild  cases.  All  are  adrenal  stimulants.  The 
seashore  hastens  recovery  in  such  cases,  owing  mainly  to  the 
iodine-laden  air  breathed.* 

♦  Atiihor'n  ronchiMon. 

Batty  Shaw:    "Organotherapy,"  p.  99,  1905. 
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HEMOPHILIA. 

Synonyms. — Bleeder's  Disease;   Sporadic  Hoemophilia. 

Definition. — A  tendency  to  serious  and  sometimes  uncon- 
trollable haemorrhage,  due  to  a  deficiency  of  fibrin  ferment 
(adrenoxidase)  in  the  blood  and  a  corresponding  diminution  of 
the  coagulability  of  the  latter.* 

Symptoms  and  Pathology.  —  The  abnormal  tendency  to 
bleed  is  usually  discovered  through  occurrences  to  which,  as  a 
rule,  little  importance  is  attached:  nose-bleed,  the  extraction 
of  a  tooth,  the  application  of  a  leech,  a  slight  cut,  vaccination, 
religious  circumcision,  etc.  It  may  occur  as  the  unsuspected 
source  of  metrorrhagia,  or  as  the  so-called  "renal"  hasmophilia, 
the  urine  being  bloody.  The  skin  is  frequently  the  seat  of 
haemophilia;  vesicles  are  formed  either  during  apparent  health 
or  during  eruptive  diseases,  scarlatina,  varicella,  etc.,  or  more 
or  less  extensive  extravasations  appear  under  the  skin,  owing  to 
capillary  oozing,  either  as  the  result  of  a  pinch,  a  blow,  etc.,  or 
without  provocation.  The  haemorrhages  may  be  internal ;  haemo- 
philia may  thus  act  as  the  underlying  cause  of  cerebral  haemor- 
rhage. Reddish  striae  of  minute  dilated  vessels  are  sometimes 
witnessed  in  these  cases. 

The  pathological  anatomy  of  the  disease  affords  but  little  informa- 
tion. The  walls  of  the  blood-vessels  are  said  to  be  "thin"  or  "fatty,"  but 
Nancrede"  says  that  this  supposed  thinness  has  only  been  witnessed  once 
histologically.  As  to  their  being  fatty,  we  have  seen  that  "fatty  degen- 
eration" so-called  is  due  to  post-mortem  changes.  Abderhalden"  recently 
ascribed  htemophilia  to  localized  changes  in  the  development  and  struct- 
ure of  the  venules  and  arterioles  of  the  regions  involved,  but,  as  shown 
below,  vascular  changes  are  of  secondary  importance  in  that  they  only 
tend  to  predispose  these  regions  to  act  as  outlets  for  the  blood.  In  a 
case  noted  by  Chauffard,"  for  instance,  the  recurrent  haemorrhages  were 
always  from  the  same  areas. 

Affections  of  the  joints  are  very  important  in  this  connec- 
tion, as  many  haemophilics  have  lost  their  lives  through  surgical 
intervention.  A  joint  in  such  subjects  may  suddenly  and  with- 
out appreciable  injury  become  filled  with  blood,  swell,  become 
painful,  etc.,  and  slowly  recover.  This  may  recur  repeatedly, 
but  ultimately  be  attended  by  alterations  of  the  synovial  mem- 
brane and  cartilages  and  finally  deformity.    It  is  in  these  cases 

*  Author's  definition. 

Nancrede:'   Dennis's  "System  of  Surgery,"  1895-96. 
Abderhalden:    Ziegler's  Beitrage,  Bd.  xxxv,  S.  213,  1903. 
*>Chau£fard:    Le  bull,  med.,  vol.  x,  p.  356,  1896. 
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of  hemophilic  arthritis  that  a  fatal  error  in  i  iczrsi;  n>T  ':e 
made.  These  cases  usually  show  a  pallor  o;  :  .  r  u^tZi  rane; ; 
but  the  characteristic  features  are  a  historr  :  ^ Tniliaj 
ecchymotic  patches,  and  dilated  capillaries.  Zr:ur7T-:  r^iiiaxis 
should  ahraTS  awaken  suspicion.  In  tuberccl;  ir:_r:rl5 — ^the 
diagnosis  usually  made — the  dou^y  patches  v::_7^:;i5  are 
absent,  scars  are  likely  to  be  present;  ineqoality  of  the  femoral 
condyles  or  of  the  head  of  the  tibia  may  at  times  be  discerned. 

Froetidi,^  vlio  Ists  s^bss  on  these  diagnostie  poinis.  states  that 
a;^iratiaai.  of  flie  joint,  tenotoniT  and  forcible  extension  shcnill  Bot  lie 
atteanpted  in  saeh  cas^  As  shown  below,  howeTer,  even  major  opera- 
tians  may  be  done  after  appropriate  treatment.  Without  sneh.  ho"K-ever. 
smgieal  procedures  of  any  kfaul,  eren  cauterizations,  as  shown  by  XoTe- 
Joeserand,^  are  likely  to  lead  to  a  fatal  issue. 

Etiolt^  and  Pathogenesis. — ^Heredity  is  a  marked  feature 
of  hsBmophilia.  ha^rini:  been  traced  back  in  one  family  throTish 
nearly  three  cenTzries.  It  is  often  transmited  by  wome:i  z.:' 
them?  >r=  -.^eeted  (Xasse's  so-called  law).  Another  peculiirirj 
is  thr  r  i:-;r?  fertflity  of  bleeders'  families.  Again,  a  wca- 
bekmrinr  : :  i  '  -Tnily  of  bleeders  may  not  herself  be  a  bleeder, 
and  :  "  rir  :::5'r^zr  are,  especially  if  her  children  are 
males 

r  —  of  a  family  of  bleeders  traced  back  neaiiv  300  years 
—  - ;  r-  :  "  -  H :  t=="L*  A  marked  example  of  transmision  throng 
t :  7_  -7  .  :  :  17  -parfiing  baek  300  years  and  aneetiag  only  Tmlm 
"   5   7     .  -     _  Hfc-ks.*     All  suffered  from  arthritie  disorders. 

S:-L7.Tr       --—  -11  :i--  17  a  negro.  1i»e  first  OTi  record  in  this  raet.  ari 
tzizi-L  i:     1^  -.:  iir  rriiT-great-grandmother.    The  famify  was  er- 
TT~z:iiLj  i^ni.T.  :  ii    r  i  ii  -      md  fsnales  were  Ideedezs,  tiioii^  inra- 
r:;":.7  rrii--:::7-i  iir  ;  iri  :      "^males.    Pincus^  states  poatively 
L      :r'::_-.  -  -  :        i::  7  7-:         -  "lis  Tle»'  is  subject  to  modrfiearion, 

DeSciencT    : :  r  zin.  ferment — the  adrenosidase — 

in  the  blood  is  the  imdrrl  j  :i-z~e  of  hssmophilia.  Tiz'tzi 
ferment  being  a  necesary  :  -  ?:irirr-  to  the  formation  of  £:r:r-. 
this  substance  is  not  forme  i  ir.  i  iequate  quantities  and  the  blood 
cannot  coagulate.* 

Hsemophilic  subjects  appear  normal  because  coagulation  re- 
quires an  excess  of  fibrin  ferment  (adrenosidaee)  over  and  abore 

*  AjrOtor'a  ' 

-      .1-71:74-:-  —  ;  25?. 
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the  needs  of  tissue  respiration,  and  this  excess  is  not  available  in 
them.  As  adrenoxidase  is  the  oxygen-laden  adrenal  secretion, 
the  primary  cause,  therefore,  is  a  deficiency  of  adrenal  secre- 
tion.* 

I  have  shown  that  fibrin  contains  adrenoxidase  and  that  it  is 
identical  with  fibrin-ferment.  That  the  adrenals  are  the  source  of 
this  substance,  and  that  a  deficiency  of  their  secretion  is  the  primary 
cause  of  haemophilia,  is  illustrated  by  the  fact  that  stimulation  of  the 
adrenal  center  by  its  normal  stimulant,  i.e.,  thyroid  extract,  counteracts 
the  haemophilia.  This  is  emphasized  by  several  cases  given  in  outline 
under  Treatment.  In  the  first  series,  thyroid  extract  was  employed 
empirically;  in  the  second,  Dr.  W.  J.  Taylor's  cases,  I  had  recom- 
mended its  use  with  the  view  of  increasing  the  fibrin-ferment.  Dr. 
Taylor  carefully  noted  the  blood's  coagulability  and  found  that  it  in- 
creased from  day  to  day  under  the  influence  of  the  thyroid  extract. 
Direct  proof  is  afforded  by  the  fact  that  adrenalin  likewise  arrests  the 
bleeding  in  these  cases;  here  it  does  simply  what,  as  I  have  shown,  it 
does  in  the  lungs. 

Treatment. — We  have  in  thyroid  extract  not  only  a  prophy- 
lactic, but  also  a  curative  agent,  since  it  stimulates  powerfully 
the  pituitary  body  and  raises  its  functional  activity  when  its  use 
is  prolonged.  Three  grains  (0.2  gni.)  three  times  daily,  i.e., 
after  each  meal,  suffice  for  this  purpose.  This  causes  gradual 
increase  in  the  coagulating  power  of  the  blood,  thus  rendering 
even  serious  operations  safe  when  the  coagulating  time  has  been 
reduced  to  the  minimum  normal,  i.e.,  three  minutes. 

The  cases  in  which  thyroid  extract  has  been  used  successfully  are 
already  quite  numerous.  Delace'*"  promptly  stopped  a  menorrhagia  which 
had  lasted  fourteen  days  in  a  haemophilic;  alveolar  and  subcutaneous 
haemorrhages  were  also  present.  Instances  in  which  unmistakable  cases 
were  successfully  treated  have  been  reported  by  Combemale,^  C.  R.  Jones,^^ 
Scheffler,'^^  E.  Fuller"  and  others.  The  remedy  was  administered  empiri- 
cally in  these  cases,  as  previously  stated.  Not  so  with  three  cases  re- 
ported by  William  J.  Taylor,^^  however.  Having  in  mind  my  view  that 
it  was  by  increasing  the  coagiilating  power  of  the  blood  that  thyroid 
extract  prevented  haemorrhage,  he  tested  the  blood's  coagulating  time: 
in  a  profuse  bleeder  requiring  an  operation  it  was  reduced  from  IIV3 
minutes  to  2  minutes  and  (i  seconds,  and  nepJirope.ri/  was  successfully 
performed,  the  wound  being  "remarkably  dry."  Thyroid  extract  was 
also  given  by  him  in  a  case  of  osteomyelitis  attended  with  constant 
bleeding,  and  caused  the  latter  to  cease  in  one  week.  In  a  third  case,  it 
rendered  possible  the  extraction  of  a  tooth  in  a  hcemophilic,  no  haemor- 
rhage occurring,  though  the  gums  were  badly  lacerated. 


*  Author's  conclufiion. 

^  Delace:  Jour,  de  med.  de  Paris,  vol.  x.  p.  46,  1898. 
"Combemale:  La  med.  moderne.  vol.  ix,  p.  278,  1898. 
^5  C.  R.  Jones:   Brit.  Med.  Jour.,  Nov.  10,  1900. 

^  SchefBer:    Arch,  de  med.  et  de  pharm.  milit.,  vol.  xxxvii,  p.  246,  1901. 

^'  B.  Fuller:    Medical  News,  Feb.  28,  1903. 

^W.  J.  Taylor:    Monthly  Cyclo.  of  Pract.  Med.,  July,  1905. 
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Calcium  chloride  has  likewise  given  good  results,  owing  to 
the  well-known  influence  on  coagulation,  but  its  effect  is  only  tem- 
porary. It  is  given  in  10-grain  (0.6  gm.)  doses,  three  times  daily. 
If  given  to  prevent  bleeding  during  a  minor  operation  (it  allows 
of  no  other  than  trifling  ones,  extraction  of  teeth,  opening  of 
small  abscesses,  etc.),  the  coagulation  time  should  be  taken,  and 
if  this  does  not  reach  below  five  minutes,  thyroid  extract  should 
be  given  in  addition.  Digitalin  in  full  therapeutic  doses  is  also 
useful. 

Sympson,™  Wallace,"''  Parry"^  and  others  have  obtained  good  results 
with  calcium  chloride  in  hsemophilia.  Ballantyne"-  used  it  successfully  as 
an  antenatal  remedy,  i.e.,  to  prevent  hsemophilia  in  the  third  child  of  a 
woman  whose  two  first  children  were  bleeders.  I  used  tincture  of  digi- 
talis and  obtained  a  prompt  recovery  in  the  case  of  a  boy  whom  recur- 
rent haemorrhages  had  almost  exsanguinated. 

The  most  valuable  local  haemostatic  is  adrenal  chloride  (1 
to  1000  solution),  gauze  saturated  with  it  being  applied  directly 
to  the  wound.  A  thick  layer  of  the  powdered  extract  also  arrests 
the  bleeding  promptly.  The  ordinary  styptics,  percMoride  of 
iron,  ergot,  etc.,  have  been  used,  but  seldom  with  success  in 
serious  cases.  Fresh  entire  Mood  may  be  transfused,  a  small 
quantity  being  sometimes  sufficient  to  arrest  a  profuse  flow. 

Adrenalin  has  been  used  successfully  in  the  above  manner  by  W. 
Milligan,"^  E.  Francis.'"  and  the  extract  by  W.  T.  Thomas"^  and  others. 
The  use  of  entire  blood  was  recommended  by  Hayem,""  who  thought  that 
his  "hsemotoblasts"  caused  the  formation  of  a  clot.  I  have  shown"'  that 
these  heematoblasts  or  blood-platelets  are  droplets  of  adrenoxidase,  i.e., 
of  fibrin-ferment. 


^»Sympson:    Lancet,  May  13,  1899. 

W^allace:    Brit.  Med.  Jour.,  May  10,  1902. 
01  Parry:    Lancet,  Feb.  21,  1903. 

"2  Ballantyne:  Jour.  Amer.  Med.  Assoc.,  Aug.  24,  1901. 

«3VV.  Milligan:    Brit.  Med.  Jour.,  Feb.  1,  1902. 

«*  E.  Francis:    Ibid.,  May  28,  1904. 

«5W.  T.  Thomas:    Ihid..  Nov.  23,  1901. 

»«Hayem:    Le  bull,  med.,  vol.  11,  p.  1235,  1267,  1888. 

«7  Cf.  this  vol.,  p.  829. 


CHAPT.EK  XXXII. 

THE  INTEENAL  SECEETIONS  IN  THEIR  RELATIONS 
TO  PATHOGENESIS  AND  THERA- 
PEUTICS {Continued). 

THE  ADRENAL  SYSTEM  IN  INFECTIONS  OF  THE  LYMPHATIC 

SYSTEM. 

\Ye  have  already  seen  that  in  tuberculosis,  infection  occurs 
to  a  great  extent  through  the  lymphatic  system.  In  the  diseases 
reviewed  in  the  present  chapter,  syphilis  and  bubonic  plague, 
infection  not  only  occurs  by  way  of  this  system,  but  the 
l}anphatic  glands  act  as  foci  for  the  development  of  pathogenic 
organisms.  Hence  the  occurrence  of  buboes  and  kindred  com- 
plications. An  important  feature  emphasized  is  the  need  of 
energetic  measures,  as  represented  by  the  value  of  mercury,  the 
iodides,  etc..  in  the  treatment  of  such  disorders.  Toxaemias  are 
readily  antagonized  by  ordinary  adrenal  stimulants  because  it 
is  in  the  blood  that  the  bactericidal  and  antitoxic  agents  which 
these  remedies  evoke  first  appear.  In  the  lymphatic  system, 
however,  the  protective  process  is  relatively  deficient,  owing 
to  the  absence  of  red  corpuscles,  and  therefore  of  adrenoxidase, 
in  the  IjTnph,  a  fact  which  involves  a  deficiency  of  auto-anti- 
toxin in  this  fluid.  Hence  the  freedom  with  which  bacteria 
multiply  therein ;  hence  also  the  presence  in  the  lymphatic 
glands  of  a  multitude  of  phagocytes,  small  and  large,  whose 
purpose  is  to  rid  them  of  pathogenic  elements  of  all  kinds. 
The  aim,  therefore,  should  be  to  increase  the  proteolytic  power 
and  the  aggressiveness  of  the  phagocytes  by  agents  which  cause 
their  digestive  vacuoles  to  be  well  supplied  with  auto-antitoxin 
(their  digestive  triad)  and  to  sensitize  actively  the  bacteria. 
These  requirements  are  met  by  mercury,  the  iodides  and  thyroid 
extract,  as  suggested  below. 

SYPHILIS. 

Synonyms. — Lues;  Pox;  Lues  Venerea. 

Definition. — A  specific  disease  due  to  inoculation,  prob- 
ably by  the  spirocliccta  pallida,  characterized  by  three  stages : 
(1)  the  primary  stage,  in  which  the  seat  of  inoculation  is  con- 
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verted  into  a  specific  ulcer,  the  chancre,  whence  the  pathogenic 
organism  may  invade  the  lymphatic  system  if  the  body's  auto- 
protective  functions  as  exercised  through  the  lymphatic  phago- 
cytes are  unable  to  prevent  it;  (2)  the  secondary  stage,  or  stage 
of  general  infection,  during  which  the  toxins  or  endotoxins  of 
the  specific  germ  excite  a  general  reaction  of  the  adrenal  sys- 
tem and  eruptions  of  various  kinds;  and  (3)  the  tertiary 
stage,  or  period  of  sequelae,  provoked  by  the  pathogenic  organ- 
ism or  its  toxins  or  endotoxins  in  various  tissues  during  the 
secondary  stage,  characterized  by  a  specific  lesion,  the  gumma, 
and  by  marked  debility  or  quasi-paresis  of  the  adrenal  system, 
which  may  be  transmitted  to  offspring.  Congenital  syphilis  is 
the  expression,  therefore,  of  inherited  inadequacy  or  quasi- 
paresis  of  the  adrenal  system.** 

Symptoms. — The  initial  lesion  or,  "primary  syphilis" 
occurs,  as  a  rule,  from  two  to  three  weeks  after  infection. 
Beginning  as  a  small  papule  or  abraded  spot,  it  gradually  de- 
velops into  the  chancre,  which  softens  in  the  center,  constituting 
an  ulcer  surrounded  by  a  hard  ridge — the  "hard"  or  "indur- 
ated" chancre.  This  ultimately  breaks  down,  leaving  a  scar. 
The  appearance  of  the  initial  lesion  is  soon  followed  by  en- 
largement of  the  adjacent  lymph  glands,  forming  the  bubo  or 
buboes.  All  these  lesions  are  the  seat  of  an  active  defensive 
process. 

After  a  period  varying  from  a  few  days  to  two  weeks,  the 
second  stage  appears.  This  is  evidently  due  to  a  general  re- 
action,* for  it  is  attended  with  fever  ranging  from  about  100° 
F.  (37.8°  C.)  to  as  high  as  105°  F.  (40.5°  C),  characterized 
by  irregular  exacerbations  and  often  by  headache  and  insomnia. 
When  the  febrile  process  is  high,  hsemolysis  may  occur,  as 
shown  by  the  anfemic  appearance  of  the  patient.  Cutaneous 
lesions  of  various  kinds,  none  of  which  cause  pruritis,  are  pecu- 
liar to  this  stage,  viz.,  roseolar,  squamous,  papular,  and  even 
pustular,  the  pustules  recalling  those  of  variola  and  other  erup- 
tions, some  of  which  often  leave  copper-colored  pigmented 
patches.  Syphilitic  warts,  which  usually  conjoin  to  form  condy- 
lomata, may  appear  at  the  mucocutaneous  junctions,  while  the 
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mucous  membranes  of  the  tongue,  nose,  vulva,  etc.,  often  show 
similar  lesions,  i.e.,  grayish,  somewhat  raised  erosions :  mucous 
patches.  The  second  stage  is  a  very  active  one — so  active, 
indeed,  that  all  organs,  including  the  bones,  the  liver,  the  kid- 
neys, the  eyes,  the  ears,  the  hair,  the  nails,  etc.,  may  become 
the  seat  of  inflammatory  processes,  i.e.,  of  local  defensive 
reactions.* 

This  stage — -a  period  in  which  the  infectious  principle  is 
fought  at  every  step  wherever  met* — usually  lasts  from  one 
year  to  eighteen  months,  when  the  disease  either  disappears — 
vanquished  by  the  body's  auto-protective  resources* — or  pro- 
ceeds on  its  fell  way,  i.e.,  to  "tertiary  syphilis,"  the  third  stage. 

The  third  stage  has  been  very  appropriately  defined  as  the 
"stage  of  sequelae."  Owing  to  the  vascular  lesions  that  are 
started  during  the  second  stage*  and  the  formation  in  various 
structures  of  gummatous  growths,  morbid  phenomena  may  appear 
in  any  organ  through  local  pressure,  distortion,  denutrition  and 
pressure-absorption.  In  the  respiTatory  tract,  for  example,  there 
may  occur  necrosis  of  the  nasal  cartilages  and  bones,  causing 
the  saddle-nose,  perforation  of  the  soft  palate,  and  cicatricial 
adhesion  of  the  latter  to  the  pharynx;  ulceration  and  gummata 
of  the  larjTix  and  epiglottis,  causing  hoarseness,  aphonia,  cough, 
etc.  The  lungs  may  also  be  involved,  especially  in  children.  In 
the  hrain,  pressure  of  gummata  is  a  frequent  source  of  paralysis, 
facial,  ocular,  etc.  Syphilis  is  also  a  recognized  cause  of  gen- 
eral paralysis.  Areas  of  softening  in  the  brain  itself,  or  its 
vessels,  with  formation  of  miliary  aneurisms  leading  to  haemor- 
rhages, may  occur ;  symptoms  of  brain  tumor  may  also  appear. 
The  pressure  may  be  such  as  to  cause  passive  congestion  of  the 
brain  and  the  pia ;  violent  headache,  excitement,  even  epileptic 
convulsions,  sometimes  of  the  Jacksonian  type,  may  be  eauised. 
In  the  spinal  cord,  symptoms  of  myelitis  or  of  tumor,  paralysis, 
such  as  hemiplegia,  paraplegia  and  monoplegia,  and  locomotor 
ataxia,  are  relatively  frequent  results  of  spinal  lesions.  In  the 
testicles  the  gummata  may  form  hard,  painless  masses;  sup- 
purative orchitis  may  also  occur  and  be  followed  by  atrophy. 
Corresponding  disorders  of  the  ovaries  may  occur  and  provoke 
miscarriage.   The  liver  may  be  the  seat  of  gummatous  enlarge- 
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ments  and  later  show  areas  of  cirrhosis  or  fibrous  cicatrices; 
ascites  and  jaundice  may  also  be  caused.  The  cardio-vascular 
system  is  not  exempt;  endocarditis,  arteriosclerosis,  gummata 
of  the  adventitia,  etc.,  being  not  infrequently  observed.  On  the 
whole,  all  tissues  are  exposed  to  the  ravages  of  this  terrible  dis- 
ease, each  organ  attacked  giving  rise  to  symptoms  denoting  per- 
version or  arrest  of  its  functions. 

In  congenital  syphilis,  symptoms  may  be  present  at  birth, 
which  usually  develop  later — roseola,  excoriations  at  the 
mouth  and  anus  (the  latter  appearing  also  as  if  scalded)  readily 
developing  into  mucous  patches  and  condylomata.  An  eruption 
of  ulcerative  bullae  around  the  wrists,  pemphigus  neonatorum, 
a  typical  sign  of  syphilis,  is  also  frequently  observed.  The 
viscera,  and  particularly  the  liver,  spleen  and  kidneys,  are  pre- 
eminently the  seat  of  connective  tissue  lesions  similar  in  every 
respect  to  those  observed  in  the  adult.  Syphilitic  rhinitis,  the 
"snuffles,"  which  obstructs  the  nasal  cavities,  and  may  be  fol- 
lowed later  by  necrosis  of  the  nasal  cartilage,  contributes 
greatly  to  the  general  wasting  or  marasmus,  by  interfering 
with  oxygenation.  The  special  senses,  especially  the  eyes — in- 
terstitial keratitis  being  commonly  observed — and  ears  are 
always  threatened.  The  cerebro-spinal  system,  especially  at 
birth,  may  be  the  seat  of  apoplectic  effusions  owing  to  lesions 
of  the  arteries.  The  osseous  system  and  particularly  the  dia- 
physo-epiphyseal  junction  of  long  bones  is  often  involved,  the 
rosary  at  the  costocartilaginous  junctures  observed  in  rickets 
and  nodular  thickenings  on  the  tibia  and  other  bones,  being 
readily  discernible  in  most  instances.  When  the  second  denti- 
tion is  reached,  the  permanent  teeth  appear  notched,  irregnilar 
and  "pegged,"  the  two  upper  incisors  being  particularly  de- 
formed in  this  manner,  i.e.,  the  Hutchinson  teeth. 

Tliis  brief  resume  of  the  symptomatology  of  syphilis  contains  but 
the  most  salient  features,  but  it  suffices  to  suggest  that  if  from  the 
beginning  of  the  first  or  second  stage  of  the  disease,  an  active  defensive 
process  is  in  operation,  it  would,  when  raised  to  its  highest  efficiency  by 
remedial  measures,  prevent  the  ravages  which  constitute  the  third  stage. 

Etiology  and  Pathogenesis. — The  pathogenic  organism  of 
syphilis,  found  in  the  primary  and  secondary  cutaneous  and 
glandular  lesions,  and  in  some  of  the  tertiary  lesions,  is  probably 
Schaudinu  and  Hoffmann's  recently  discovered  spirocJioeta  pal- 
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lida,  a  slender,  corkscrew-like  spirilluin.  Inoculation  experi- 
ments have  given  rise  to  typical  ulcers  containing  this  parasite ; 
but  it  has  not  so  far  been  possible  to  cultivate  it  in  artificial 
media. 

The  initial  lesion,  the  chancre,  is  from  the  start  the  seat 
of  a  defensive  process.  It  is  at  once  invaded  by  various  phago- 
cytic leucocytes,  lymphocytes  and  epithelioid  macrophages, 
which  accumulate  in  situ  along  with  connective-tissue  and 
other  cells  connected  with  the  process  of  repair.* 

That  the  spirochssta  pallida  is  the  specific  germ  of  syphilis  is  sus- 
tained by  considerable  evidence.  It  must  not  be  forgotten,  however, 
that  Lustgarten's  bacillus  was  also  found  in  all  lesions.  That  the 
initial  sore  is  invaded  at  least  by  scavenger  cells  is  now  generally 
recognized.  Thus,  Ohlmacher'-  states  that,  "like  other  allied  infections, 
syphilis  seems  to  irritate  principally  the  elements  of  the  connective 
tissue,  and  in  consequence  we  find  in  both  early  and  late  lesions,  a 
proliferation  of  endothelioid  cells,  small  round  (lymphoid)  cells,  and 
giant  cells.  As  in  most  other  infections,  the  endothelioid  cells,  giant 
cells,  and  certain  migrated  leucocytes  engage  in  phagocytic  activity  in 
the  effort  to  rid  the  body  of  the  noxious  invaders  or  to  remove  the 
detritus  of  cellular  necrosis."  Tlie  defensive  process  is  essentially  local, 
however.  Thus,  Hallopeau^  found  that  "the  pathogenic  action  of  the 
toxins  is  nil  during  the  periods  of  incubation  and  latency  of  the  disease," 
a  fact  which  shows,  from  my  viewpoint,  that  these  toxins  do  not  evoke 
a  protective  reaction  from  the  start.  I  regard  this  as  a  very  important 
fact  from  the  standpoint  of  prophylaxis,  for  such  being  the  ease,  the 
immediate  use  of  remedies  such  as  thyroid,  iodine,  etc.,  which  power- 
fully stimulate  the  thyro-adrenal  functions  must  tend  to  prevent  general 
infection  even  when  the  chancre  is  feebly  developed. 

The  germ-laden  leucocytes,  epithelioid  cells  and  giant-cells 
— all  phagocytes — are  the  "syphilized  cells"  of  Besiadecki,  Otis 
and  others,  which  become  infectious  through  the  fact  that  either 
as  micro-  or  macrophages,  they  ingest  the  specific  organism.* 
In  some  cases  they  succeed  in  preventing  infection.  If,  how- 
ever, the  vital  functions  of  the  patient  be  at  all  depraved, 
either  through  alcoholism,  antecedent  disease,  starvation,  etc., 
the  production  of  adrenoxidase,  trypsin,  nucleo-proteid  and 
thyroidase,  the  constituents  of  auto-antitoxin,  be  deficient, 
these  defensive  cells,  inadequately  supplied  with  this  bacterio- 
lytic substance,  fail  to  destroy  the  germs.*  On  leaving  the  seat 
of  infection  to  enter  the  l3Tnphatic  vessels,  therefore,  they  are 
laden  with  these  pathogenic  organisms  and  infect  the  lymphatic 
glands  of  the  groin,  giving  rise  to  the  'T)uboes,"  and  finally 
infect  the  body  at  large. 


*  Author's  conclusion. 

1  Ohlmacher:    "Amer.  T.  B.  of  Physiol.,"  p.  259,  1901. 
^Hallopeau:    Annales  de  dermat.,  4  serie,  vol.  v,  p.  736,  1904. 


1800    INTERNAL  SECRETIONS  IN  PATHOGENESIS  AND  TREATMENT. 


That,  as  I  suggest,  general  infection  is  influenced  by  debility  of 
the  adrenal  system's  protective  power,  owing  to  general  adynamia,  and 
as  manifested  through  the  leucocytes,  harmonizes  with  established  facts. 
The  debilitating  influence  of  alcohol  and  squalor  is  well  known.  Thus 
Prof.  Neumann'  recently  emphasized  the  fact  that  syphilis  "is  more 
common  in  ill-nourished  persons  and  in  hospital  patients  than  in  those 
seen  in  private  practice"  and  that  "alcohol  diminishes  the  resistance 
of  the  tissues  to  specific  infection."  The  "resistance  of  the  tissues" 
means,  in  the  light  of  the  evidence  I  have  adduced,  a  deficiency  of  auto- 
antitoxin  in  the  blood  and  cells:  Applying  this  principle  to  the  pre- 
vailing conception,  the  role  of  the  leucocytes,  as  I  have  depicted  it, 
will  suggest  itself.  G.  Frank  Lydston*  in  an  able  review  of  the  whole 
subject,  says,  for  instance:  "The  first  effect  of  the  syphilitic  infection 
is  a  gradually  increasing  accumulation  of  leucocytes — i.e.,  white  blood- 
cells  or  lymph-cells — at  the  site  of  inoculation,  produced  by  a  modifica- 
tion of  the  normal  leucocytes  and  connective  tissue  elements  through 
the  influence  of  the  syphilitic  infection."   "The  previously  nor- 
mal accumulated  cells  (the  syphilized  cells  of  Besiadecki,  Otis,  et  al.) 
contain  the  germ  of  syphilitic  infection.  They  become  larger,  more 
granular  and  contain  numerous  nuclei  [giant  cells]  and  possess  exaggera- 
ted powers  of  proliferation  and  amwboid  movement."   "This 

much  is  certain,  however,  that  just  as  the  leucocyte  is  the  primordial 
cell  in  the  normal  physiological  processes  of  growth,  so  is  it  the  basis 
of  all  so-called  pathological  processes,  and  particularly  those  of  syphilis, 
when  modified  in  the  manner  peculiar  to  the  particular  disease." 

Interpreted  from  my  standpoint,  however,  the  normal  phagocytic 
leucocyte  is  fully  able  to  digest  the  pathogenic  germs  and  to  convert 
them  into  granulations  that  are  more  or  less  useful  to  the  body  at 
large,  while  the  leucocyte,  deficient  in  bacteriolytic  bodies  and  moving 
in  blood  deficient  in  thyroidase  (opsonin),  is  not,  and  acts  as  infecting 
agent. 

Some  of  the  germ-laden  leucocytes  carried  along  by  the 
torpid  lymphatic  current,  finally  reach  the  receptaculum  chyli, 
along  with  quantities  of  specific  germs  produced  through  multi- 
plication in  the  lymph  and  lymphatic  glands,  and  are  finally 
emptied  into  the  blood-stream.  When  the  germs  and  their 
toxins  have  accumulated  sufficiently  in  the  blood,  the  second 
stage  begins;  which  means  a  reaction  of  the  body  to  protect 
itself,  through  the  adrenal  system,  against  infection.* 

The  "syphilitic  fever,"  marked  in  proportion  as  the  reaction 
is  severe,  is  accompanied  by  a  marked  rise  of  the  blood-pressure 
due,  as  in  arteriosclerosis,  to  hypermetabolism  in  the  vessel- 
walls.  So  marked  is  the  vascular  tension  that  the  blood  is 
driven  by  the  deeper  vessels  into  the  peripheral  capillaries,  which 
become  intensely  congested.  As  the  specific  germs  and  their 
toxins,  waste-products  of  the  prevailing  hypermetabolism  (in- 
cluding various  acids),  detritus,  broken-down  cells,  etc.,  are 

*  Author's  ronrhifiinn. 
3  Neumann:    Wiener  klin.  Woch  ,  Bd.  xvii,  S.  551,  1904. 

*Lydston:  Sajous's  "Analyt.  Cyclo.  of  Pract.  Med.,"  Art.  on  Syphilis, 
vol.  vi,  1898. 
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inadequately  removed  from  the  cutaneous  capillaries,  owing  to 
the  torpor  of  the  blood-stream  in  the  vessels,*  many  kinds  of 
eruption  may  appear,  one  of  which,  the  syphilitic  roseola,  usu- 
ally leaves  copper-colored  spots. 

The  fever,  which,  we  have  seen,  may  attain  105°  F.  (40.5°  C. ),  is 
of  course,  as  elsewhere,  due  to  excitation  of  the  test-organ  and  adrenal 
center — or  thermogenic  center — by  tlie  poison.  So  marked  is  the  excess 
of  auto-antitoxin  in  the  blood,  in  fact,  that  a  slight  increase  of  this 
protective  compound  suffices  to  produce  hcemolysis.  This  explains  the 
phenomenon  known  as  "Justus's  test"  in  wliich  one  large  dose  of  mer- 
cury is  sufficient  to  produce  a  sharp  hemolysis.  This  destruction  of 
red  corpuscles  (10  to  15  per  cent.),  according  to  Justus,^  "is  a  specific 
phenomenon,  and  is  not  observed  in  the  blood  of  healthy  persons." 
This  is  accounted  for  from  my  standpoint  by  the  fact  that  the  mercury, 
by  suddenly  exciting  the  text-organ,  increases  the  proportion  of  auto- 
antitoxin  in  the  blood  sufficiently — in  addition  to  the  excess  already 
present  in  tlie  latter — to  render  it  hoemolytic.  All  this  proves  that 
an  intense  protective  process  is  going  on  in  the  blood. 

The  capillary  hypersemia  is  well  shown  by  the  leucoderma.  That 
it  is  at  least  closely  related  with  the  second  stage  is  suggested  by 
Fiveisky's'*  statement  that  "these  pigmentations  may  remain  for  several 
years  and  can  be  regarded  as  among  the  best  signs  of  the  secondary 
period" — though  as  observed  by  Lewin,'  it  is  also  met  with  in  subjects 
who  have  never  had  syphilis.  It  has  been  ascribed  by  some  writers 
to  "a  transient  congestion  of  adrenals,"  according  to  Frattalli.^  This 
conclusion  is  warranted — since,  as  we  have  seen,  the  adrenal  system 
is  overactive— but  only  in  the  sense  that  the  blood  is  thus  caused  to 
contain  an  excess  of  the  adrenal  active  principle  which,  as  I  have 
shown  in  the  thirteenth  chapter,  is  the  main  factor,  when  oxidized,  in 
bronzing  and  kindred  pigmentations. 

The  relationship  between  this  cutaneous  hypersemia  and  the  erup- 
tions of  all  kinds  observed  during  the  second  stage  is  generally  recog- 
nized. Tlius,  Lydston^  states  that  "the  syphilitic  roseola  is  due  to 
dilation  of  the  cutaneous  capillaries  and  subsequent  stasis,  and  the 
exudation  of  leucocytes  [which,  we  have  seen,  contain  the  germs]  and 
red  corpuscles  into  the  implicated  integumentary  area."  L.  S.  Schmitt,^" 
referring  to  the  fact  that  Veillon  and  Girard'^  "found  the  spirochaeta 
pallida  in  sections  of  syphilitic  roseolse  of  four  days'  duration"  and 
that  "the  sections  showed  intense  capillary  and  beginning  perivascular 
infiltration,"  states  that  "the  organisms  were  foimd  in  the  terminal 
subpapillary  capillaries  and  in  some  of  the  subpapillary  vessels"  and 
that  "a  few  were  found  in  the  perivascular  nodules."  Schmitt  concludes 
from  this  "that  the  roseolae  are  not  of  toxic  origin,  that  they  are  due 
to  a  true  parasitic  embolus  lodged  in  the  terminal  capillaries  of  the 
skin  and  producing  a  perivascular  infiltration." 

The  third  stage,  as  already  stated,  is  not  a  manifestation  of 

the  syphilitic  infection,  but  of  a  variety  of  disorders  which 

occur  as  sequelae  of  the  lesions  that  the  presence  of  the  patho- 

*  Author's  conclusion. 

^Justus:    Virchow's  Arohiv,  Bd.  cxl,  S.  91,  1895. 

8  Fiveisky:    Annales  de  deimat.  et  syph.,  3  serie,  vol.  ii,  p.  418,  1891. 
^  Lewin:    Charite  Annalen,  Bd.  xviii,  S.  614,  1893. 
8  PrattaUl:   Clinica  dermosifll  della  R.  Univ.  di  Roma,  Oct.,  1895. 
*Lydston:    Loc.  cit. 

1"  L.  S.  Schmitt:    Cal.  State  Med.  Jour.,  Mar.,  190R. 

Veillon  and  Girard:   C.  r.  de  la  See.  de  biol.,  vol.  lix,  p.  652,  1905. 
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genie  organism  in  various  organs  has  provoked,  directly  or 
indirectly,  during  the  second  stage. 

The  arterial  lesions  are  in  part  due  to  a  process  similar 
to  that  which  prevails  in  arteriosclerosis,*  viz.,  to  excessive 
metabolic  activity  in  the  vessel-walls,  and  particularly  in  those 
of  the  vasa  vasorum.*  These  minute  nutrient  vessels  becom- 
ing occluded,  the  areas  they  nourish  become  necrosed  and, 
ultimately,  fibrous  and  calcareous.*  This  morbid  process  is 
greatly  aggravated  by  vascular  lesions  provoked  by  the  pres- 
ence of  the  germs,  the  reparative  process  which  follows  entail- 
ing likewise  local  sclerosis.  Any  or  all  vessels  may  thus  be 
affected,  the  lesions  being  either  of  the  inflammatory  type: 
endo-  or  periarteritis,  and  endo-  or  periphlebitis;  or  secondary 
thereto :  thickening  or  fibrosis  of  their  walls,  entailing  partial 
or  complete  obstruction.   Thrombosis  may  also  occur. 

The  only  lesion  that  may  be  considered  as  truly  syphilitic 
is  the  gumma,  a  gelatinous  mass  varying  greatly  in  size,  and 
containing  at  first  endothelioid  and  mononuclear  cells  (both 
phagocytic),  then  a  cheesy  mass.  Their  microscopical  resem- 
blance to  tubercles  is  such  as  to  indicate  that  they  fulfill  a  role 
similar  to  that  carried  on  by  these  masses  in  tuberculosis  (q.v.) 
viz.,  to  enclose  colonies  of  pathogenic  bacteria  and  cellular 
detritus*  and  thus  arrest  dissemination  of  the  germs.  They 
may  become  hard  and  dense,  and  are  traversed  by  fibrous  bands 
forming  meshes  which  enclose  their  caseous  contents,  however, 
and  being  liable  to  form  anywhere,  particularly  in  the  liver, 
testis,  spleen  and  brain,  and  in  the  bones,  which  they  may  soften 
and  destroy;  they  add  a  formidable  pathogenic  factor  to  the 
already  formidable  vascular  lesions,  through  the  pressure  which 
they  exert.  They  often  break  down,  but  this  either  leaves  an 
open  lesion  or  a  mass  of  cicatricial  tissue  which  is  in  itself  a 
menace  in  certain  regions,  the  central  nervous  system,  for 
example. 

That  syphilitic  infection  is  absent  when  the  third  stage  is_  reached 
is  shown  by  the  absence  of  the  pathogenic  organism  during  this  stage. 
Sobernheim  and  Tomasczewski.'-  for  instance,  having  examined  58  cases 
of  syphilis  for  the  spiroehseta,  found  it  in  all  with  the  exception  of  the 
only  8  cases  of  tertiary  syphilis.  This  fact,  which  has  been  confirmed 
by  other  observers,  accounts  for  non-communicability  of  tertiary  lesions. 


*  Aiiilior's  conclufiion. 

^Sobernheim  and  Tomasczewski:    Munch,  med.  Woch.,  Bd.  Hi,  S.  1857,  1905. 
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This  should  not  be  considered  as  a  law,  however,  for,  as  is  well  known, 
relapses  of  the  disease  may  occur  years,  even  decades,  after  apparent 
exhaustion  of  the  infection,  a  fact  ascribed  by  Virchow  to  retention 
in  the  lymph-nodes  of  the  pathogenic  agent. 

The  prevailing  view  is  that  the  arteriosclerosis  of  syphilis  is  an 
independent  process.  Thus,  Neumann"  stated  recently  in  one  of  his 
lectures  that  "arteriosclerosis  favors  tertiary  lesions."  As  I  show  above, 
however,  it  can  clearly  be  caused  by  syphilis,  i.e.,  through  the  prolonged 
hypermetabolism  to  which  the  vessel  walls  are  submitted  during  the 
secondary  period.  This  further  emphasizes  the  need  of  curative  measures 
as  early  as  possible  in  the  second  stage.  That  lesions  can  be  caused 
in  the  walls  of  vessels  is  emphasized  by  the  fact  that  Buschke  and 
Fischer"  found  the  spirochseta  pallida  attached  to  the  vascular  endo- 
thelial cells  and  traced  them  into,  and  even  through,  the  vessel  walls. 

A  cardinal  feature  of  the  third  stage  is  the  depressed  con- 
dition of  the  adrenal  system.*  Although  lesions  of  the  adrenals 
themselves  are  rarely  observed  in  syphilis,  they  are  sufficient  in 
some  instances  to  cause  bronzing  and  other  manifestations  of 
Addison's  disease.  This  bronzing  is  due  to  the  exhausting  stim- 
ulation to  which  the  test-organ,  and  through  it,  the  adreno- 
thyroid  center,  is  submitted  during  the  secondary  period.* 

That  physical  degeneration  is  a  paramount  factor  of  tertiary 
syphilis  is  generally  acknowledged.  The  connection  with  the  adrenal 
system  is  emphasized  by  the  general  adynamia  and  the  pigmentation 
occasionally  observed  both  in  acquired  and  congenital  syphilis  and 
also  by  the  fact  that  Addison's  disease  may  develop  as  a  result  of 
syphilitic  infection,  as  in  cases  reported  by  Sacaze.'^  Chauveau,  and 
others.  The  adynamia  can  hardly  be  always  ascribed  to  disease  of  the 
adrenals  per  se.  for  in  a  study  of  100  autopsies  of  syphilitic  children, 
Hecker"  found  the  adrenals  rarely  involved,  though  Guleke"  found  the 
adrenals  of  three  cases  out  of  eight  of  bona  fide  inherited  syphilis,  the 
seat  of  necrotic  foci.  Engel-Reimers,'^  Fiirst,""  Wermann™  and  others 
have  reported  instances  in  which  the  thyroid  was  enlarged,  thus  indi- 
cating impairment  of  the  functions  of  this  organ.  It  is  thiis  apparent 
that  the  two  secreting  structures  of  the  adrenal  system,  the  adrenals 
and  thyroid,  may,  either  directly  or  indirectly,  be  compromised  by 
syphilitic  infection. 

The  relationship  of  cancer  to  syphilis  is  very  interesting  in  this 
connection.  The  prevailing  view  is  that  syphilitics  are  proof  against 
cancer.  Indeed,  Roger  Williams-^  in  an  examination  of  165  breast- 
cancer  patients,  did  not  find  undoubted  signs  of  syphilis  in  a  single 
instance,  while  in  IGO  uterine-cancer  cases  similarly  examined,  only 
one  presented  signs  of  having  had  syphilis.  This  is  accounted  for  in 
some  cases,  from  my  standpoint,  by  the  fact  that  during  the  secondary 
period,  the  blood  is  so  rich  in  auto-antitoxin  that  the  initial  lesion  of 

*  Author's  conclusion. 
1^  Neumann:    Lo''.  cit. 

"Buschke  and  Fischer:    Berl.  klin.  Woch.,  Bd.  xliii,  S.  6,  1906. 

Sacaze:    Gaz.  des  hopitaux,  vol.  Ixviii.  d.  58,  1895. 
"  Hecker:    Deut.  Archiv  f.  klin.  Med.,  Bd.  Ixi,  S.  1,  1898; 
"  Guleke:    Virchow's  Archiv,  Bd.  clxxiii,  S.  19,  1903. 

IS  Engel-Reimers:  Jahrsb.  der  Hamburgischen  Stadtskrankenanstalten  iii; 
Therap.  Monatshefte,  Bd.  ix,  S.  267,  1895. 

'"Furst:    Berl.  klin.  Woch.,  Bd.  xxxv,  S.  1016,  1898. 
sowermann:    Berl.  klin.  Woch.,  Bd.  xxxvii,  S.  122,  1900. 
21  Roger  Williams:    Edinburgh  Med.  Jour.,  Oct.,  1898. 
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cancer  is  promptly  counteracted,  while  during  the  tertiary  period  and 
the  resulting  adynamia,  the  blood  is  too  poor  in  auto-antitoxin  to  sustain 
the  process  of  cellular  growth  to  which  the  tumor  is  due.  Various 
recorded  instances  seem  to  have  proved  that  cancer  can  be  grafted  on 
syphilis;  but  examined  in  the  light  of  my  views,  their  number  is 
subject  to  reduction.  Thus,  A.  Patterson^^  reported  a  case  of  scrotal 
epithelioma  in  which,  notwithstanding  repeated  removal  of  neoplastic 
tissue,  the  wound  refused  to  heal.  On  learning  that  the  patient  had 
been  in  the  army,  iodide  of  potassium  was  administered.  The  wound 
healed  rapidly  and  the  patient  was  still  in  good  health  when  last  seen, 
lu  years  later.  Now,  this  case  is  ascribed  to  syphilis,  but  inasmuch 
as  I  have  shown  that  the  iodides  are  also  capable  of  stimulating  the 
adrenal  system  and  thus  curing  cancer,  syphilis  may  be  eliminated  in 
Patterson's  case — as  it  could  in  all  cases  in  which  the  diagnosis  of 
syphilis  is  based  on  the  results  of  antisyphilitic  treatment.  On  the 
other  hand,  there  are  many  cases  recorded  in  which  cancer  will  develop 
upon  syphilitic  leucoplakia,  syphilitic  scars,  etc. — a  sufRcient  number, 
in  fact,  to  indicate  that  the  supposed  protection  afforded  by  syphilis 
(aside  from  the    econdary  stage)  is  a  myth. 

Treatment. — Syphilis  is  essentially  a  disease  in  which  the 
adrenal  system  can  be  utilized  advantageously  by  the  physician, 
since  the  local  primary  sore  and  the  general  infection  it  en- 
tails, the  secondary  reaction,  and  even  the  typical  expression  of 
the  third  stage,  the  gumma,  and  to  a  certain  extent  the  vas- 
cular lesions,  can  be  influenced  through  this  system.*  The 
manner  in  which  mercury  and  the  iodides  produce  their  cura- 
tive effects  in  this  disease  suggests  itself  in  view  of  their 
powerful  stimulating  action  on  the  test-organ,  and  through  it 
on  the  adreno-thyroid  center.*  This  applies  as  well  to  thij- 
roid  extract*  which  not  only  increases  the  functional  activity 
of  the  adrenal  system,  but  also,  by  adding  thyroidase  (opsonin) 
to  the  blood,  sensitizes  the  germs  for  the  phagocytes.* 

In  the  first  volume"  I  urged  "that  simultaneous  impairment  of 
the  functions  of  both  the  anterior  and  posterior  pituitary  bodies  accounts 
for  the  ravages  of  syphilis,"  and  that  it  was  through  this  system  that 
iodine  and  mercury  produced  their  beneficial  effects.  Thyroid  extract  was 
used  by  Menzies^*  as  an  adjuvant  to  other  methods  and  is  recommended 
by  him.  Gouladse^^  used  it  in  a  very  severe  case,  in  which  the  alse 
nasi  and  one  ear  were  destroyed  by  ulceration,  besides  marked  adynamia 
and  emaciation.  The  usual  measures  having  failed,  thyroid  gland  was 
tried.  On  the  third  day  improvement  began;  the  ulcers  healed  promptly, 
all  morbid  phenomena  ultimately  disappearing.  Champlin^'  states  that 
where  other  remedies  fail  "thyroid  gland,  2  grains  (0.13  gm.)  three 
times  daily  with  sodium  bicarbonate,  brings  about  results  truly  marvel- 
ous," his  report  being  based  on  20  cases. 


*  Author's  conclusion. 

22  A.  Patterson:    Scottish  Med.  and  Surg.  Jour.,  Aug.,  1899. 

23  Cf.  vol.  i,  p.  777. 

2*Menzies:    Brit.  Med.  Jour.,  July  7,  1894. 
2aGouladse:    Vratch,  No.  30.  p.  854,  1895. 
^Champlin:    Amer.  Jour.  Clin.  Med.,  Apr.,  1906. 
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During  the  primary  stage,  the  use  of  thyroid  extract,  3 
grains  (0.2  gm.)  every  three  hours,  the  first  day,  then  after 
meals,  is  indicated  as  a  prophylactic  to  increase  the  opsonic 
properties  of  the  blood  and  thereby  render  the  pathogenic  or- 
ganism more  vulnerable  to  the  phagocytes.*  Mercurials  alone 
are  not  protective  at  this  stage. 

During  the  initial  stage,  the  phagocytes  are  alone  entrusted  with 
the  protection  of  the  body.  Although  mercury  excites  the  adreno-thyroid 
center,  the  thyroidase  produced  is  inadequate  to  raise  materially  the 
sensitizing  properties  of  the  blood.  Neisser,"  in  fact,  found  that  injec- 
tions of  sublimate  one  hour  after  inoculation  of  the  syphilitic  virus  did 
not  prevent  development  of  a  chancre  near  the  seat  of  inoculation  nor 
general  infection.  Nor  does  washing  with  a  solution  of  sublimate 
(1:  4000  or  5000)  proposed  by  Guinard^  protect,  a  fact  ascertained  by 
Roux  and  Metehnikoff.-"  I  only  suggest  thyroid  extract,  owing  to  the 
physiological  action  I  attribute  to  it;  but  I  know  of  no  instance  in 
which  it  has  been  tried. 

The  second  stage  is  essentially  the  stage  for  mercury, 
since  this  drug  excites  violently  the  test-organ  and  correspond- 
ingly increases  the  proportion  of  auto-antitoxin  in  the  blood- 
stream.* The  simultaneous  use  of  thyroid  extract  is  also  indi- 
cated, however,  to  increase  the  vulneral)ility  of  the  specific 
germs  to  the  phagocytes,  practically  the  only  protective  agents 
in  the  lymphatic  system.* 

The  eflfect  of  mercury — of  stimulation  of  the  adrenal  system,  from 
my  standpoint — on  the  Spirochata  pallida  was  shown  recently  by 
Freund.™  As  soon  as  the  patients  were  given  this  remedy,  these  para- 
sites gradually  became  less  numerous,  until,  after  a  course  of  inimctions, 
they  completely  disappeared  from  the  blood.    Lydston"  holds  that  "the 

slow,  continuous  and  moderate  use  of  mercury"  "without  at 

any  time  producing  its  full  physiological  eflfects  will  generally  bring 
about  a  cure  that  can  be  accomplished  in  no  other  way."  This  har- 
monizes perfectly  with  the  interpretation  I  have  offered  of  the  action 
of  mercury,  viz.,  that  salivation  marks  the  beginning  of  excessive  and 
destructive  mercurialism. 

The  third  stage,  though  not  a  direct  manifestation  of  the 
infection,  affords  three  morbid  processes  of  far-reaching  patho- 
genic influence  which  can  be  antagonized  by  adrenal  stimu- 
lants,* particularly  thyroid  extract  and  the  iodides.  These  are  (1) 
the  general  adynamia,  which  is  offset  by  the  greatly  augmented 
oxygenation  and  general  nutrition;  (2)  the  pressure  symptoms 

*  Author's  conclusion. 

2'  Neisser:    Deut.  med.  Vl^och.,  Bd.  xxxii,  S.  52,  1906. 

^Guinard:    Annales  de  dermat.  et  syphil.,  4  serie,  vol.  ii,  p.  1037,  1901. 
->»  Roux  and  Metchnikoff:    Cited  by  Metchnikoff :    "The  New  Hygiene,"  p.  99, 
1906. 

s'Freund:    Munch,  med.  Woch.,  Bd.  lii,  S.  1819,  1905. 
'1  Lydston:   Loc.  cit. 
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(which  may  cause  various  forms  of  paralysis)  due  to  gummata, 
absorption  being  enforced  througli  the  fact  that  these  agents 
promote  leucocytosis,  and  therefore  phagocytosis — a  process 
which  applies  likewise  to  the  production  of  the  proteolytic 
triad  (auto-antitoxin)  which  breaks  down  these  masses;  and 
(3)  the  mechanical  constriction  of  arteries  to  which  denutrition 
and  atrophy  of  many  structures  are  due,  by  increasing  the 
general  pressure  (lowered  during  the  third  stage)  and  thus 
causing  a  greater  volume  of  blood  to  circulate  in  all  capillaries, 
including  those  of  the  cerebro-spinal  system,  the  neuroglia, 
the  neuro-fibrils,  the  neurons  themselves  and  their  axis-cylin- 
ders, which  are  all  adrenoxidase-laden  plasma  channels.* 

That  the  conditions  referred  to  are  benefited  by  the  iodides  is 
so  well  known,  that  I  deem  it  unnecessary  to  submit  evidence.  The 
manner  in  which  they  produce  these  effects  has  remained  obscure,  how- 
ever— a  normal  fact  when  we  consider  that  th.;  all-important  role  of 
the  adrenal  system  was  overlooked.  The  explanation  I  submit  is,  of 
course,  based  on  evidence  previously  adduced  in  this  work. 

During  the  second  and  third  stages,  the  alkalinity  of  the 
blood  is  often  greatly  reduced,  a  fact  which  suffices  to  thwart 
the  beneficial  effects  of  the  remedies  used,*  This  lowered 
alkalinity  is  shown  by  a  noticeable  increase  of  blood-plates.* 
The  use  of  alkaline  waters  and  an  increase  of  sodium  chloride 
in  the  food,*  all  supplemented,  if  necessary,  by  large  warm 
enemas  of  saline  solution,  aids  the  curative  process  materially 
by  enhancing  the  osmotic  and  antitoxic  power  of  the  body 
fluids  and  facilitating  the  migration  of  leucocytes,  including 
the  phagocytes,  where  their  aggressive,  protective  and  repara- 
tive work  is  needed.* 

Losdorfer,  Vorner^^  and  others  have  observed  a  large  increase  of 
blood-plates  in  the  blood  of  syphilitics,  irrespective  of  the  stage.  In 
the  first  volume'^  I  pointed  out  that  these  blood-plates  were  droplets  of 
adrenoxidase  derived  from  the  red  corpuscles,  which  were  visible  only 
when  the  alkalinity  of  the  blood  was  greatly  reduced. 

As  to  the  use  of  normal  saline  solution,  Heineck'*  states  that  it 
has  been  found  valuable  "in  malignant  forms  of  syphilis  that  fail  to 
respond  to  the  anti-syphilitic  treatment."  Gastou  and  Quinton''^  found 
that  isotonic  injections  of  sea-water  added  to  the  medicinal  treatment 
greatly  enhance  the  curative  process. 

Congenital  Syphilis. — In  the  definition  I  specified 
that  the  transmission  of  "syphilis"  to  offspring  was  in  reality 


*  Author's  conclusion. 

32  Vomer:   Deut.  med.  Wocli.,  Bd.  xxviii,  S.  897,  1902. 

33  Cf.  vol.  i,  p.  715. 

siHeineck:    Surgical  Clinic,  Apr.,  1902. 

3^  Gastou  and  Quinton:   Presse  medicale,  vol.  xu,  p.  45.,,  1905. 
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the  transmission  of  a  debilitated  or  quasi-paresis  of  the  adrenal 
system.  I  would  suggest  as  by  all  odds  the  most  efficient  agent 
in  this  class  of  cases,  thyroid  extract. 

I  I  append  hereto  the  methods  employed  by  T.  W.  Kilmer,^"  by 
mercurials  and  iodides.  Both  these  agents  being  powerful  stimulants 
of  the  adrenal  system,  the  results  obtained  are  readily  accounted  for. 
"Having  employed  the  various  forms  of  mercury  in  the  treatment  of 
congenital  syphilis,"  writes  Dr.  Kilmer,  "I  have  discarded  practically 
all  of  them  except  the  employment  of  bichloride  of  mercury,  adminis- 
tered by  the  mouth.  This  has  been,  in  my  experience,  the  best  method 
in  which  to  use  this  drug.  Ointment  soils  the  clothing,  and  is  soon 
discarded  by  the  parents  as  being  too  dirty  and  troublesome.  In  using 
the  bichloride  of  mercury  I  usually  administer  it  in  plain  water  to 
infants,  or  in  some  simple  vehicle  to  older  children.  Each  teaspoonful 
contains  the  desired  dose  of  mercury.  To  an  infant  I  begin  by  giving 
^/joo  of  a  grain  [0.0003.3  gm.]  morning  and  night;  to  a  child  one  to 
two  years  old,  commence  with  Vmo  of  a  grain,  [0.00065  gm.]  morning 
and  night,  keeping  this  up  for  a  few  days,  and  then  give  him  the  same 
dose  three  times  a  day;  then,  after  a  day  or  two  increase  the  dose  to 
^/loo  of  a  grain  [0.00065  gm.]  to  an  infant  of  six  months;  or  '^/^  of  a 
grain  [0.0013  gm.]  to  a  child  one  or  two  years  old.  If  no  symptoms 
of  mecurialization  are  seen,  which  in  infants  occur  in  the  form  of  loose, 
greenish  stools,  increase  the  dose  slightly  up  to  the  abatement  of  the 
symptoms  or  the  occurrence  of  loose,  greenish  stools.  It  is  impossible 
to  salivate  an  infant,  and  the  physiological  limit  to  the  administration 
of  mercury  is  manifested  by  the  presence  of  loose,  greenish  stools  in 
nearly  every  case. 

"Infants  bear  the  mercurials  well.  When  the  dose  is  reached  which 
causes  either  a  diminution  of  the  symptoms  of  syphilis  or  loose,  green- 
ish stools,  hold  the  patient  at  this  dose  until  the  symptoms  of  syphilis 
disappear. 

"It  is  oftentimes  of  advantage  in  older  children  to  combine  iodide 
of  potash  in  the  form  of  the  saturated  solution,  two  or  three  drops 
three  times  a  day  up  to  a  diminution  of  symptoms  or  the  production 
of  an  iodide  rash.  It  is  best  to  give  separate  prescriptions  for  the 
mercury  and  for  the  iodide  of  potash.  The  iodide  is  generally  well 
borne  by  yoimg  children. 

"After  the  subsidence  of  all  symptoms  the  child  should  be  examined 
monthly  for  six  months,  and  then  every  two  months  for  a  while,  and 
then  every  six  months  until  puberty.  It  is  always  necessary,  to  my 
mind,  to  give  these  syphilitic  children  a  one  to  two  weeks'  course  of 
antisyphilitie  treatment  out  of  every  six  months  until  adolescence  is 
reached,  and  then  caution  them  to  be  examined  twice  a  year  for  the 
remainder  of  their  life.  It  is  quite  an  easy  matter  to  cure  a  patient 
with  syphilis,  but  to  keep  him  cured  is  a  far  more  difficult  proposition! 
Aside  from  the  medicinal  antisyphilitie  treatment,  of  course,  a  regime 
of  proper  diet  and  hygiene  should  be  instituted." 

PLAGUE. 

Synonyms. — BvJbonic  Plague;  Blaclc  Death;  Malignant 
Adenitis. 

Definition. — Plague — a  virulent  infectious  disease  charac- 
terized by  the  formation  of  buboes  and  the  development  in  some 
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cases  of  pneumonia — is  due  to  the  Kitasato-Yersin  bacillus. 
On  penetrating  the  lymphatic  system,  this  germ  multiplies 
therein,  causing  the  characteristic  lesion  of  the  disease,  the 
bubo,  and  secretes  a  toxin  which  tends  to  paralyze  the  sym- 
pathetic center  in  the  2)ituitary  body,  and  to  inhibit  the  func- 
tion it  governs,  general  nutrition.  It  is  to  the  resulting 
adynamia  that  the  development  of  pneumonia  is  due,  through 
the  agency  of  the  ever-present  pneumococcus.* 

I  cannot  do  more  in  this  connection,  owing  to  want  of  space,  than 
to  submit  the  conclusions  to  whieli  a  study  of  the  rehitionship  between 
the  ductless  glands  and  bubonic  plague  has  led  me,  reserving  the  evidence 
itself  for  another  article  to  be  published  elsewhere.  This  section  is 
only  published  here,  in  fact,  for  the  benefit  of  those  colleagues  who  are 
figliting  this  terrible  disease  in  the  East,  and  in  the  hope  that  the 
new  ideas  advanced  as  to  treatment  may  be  of  some  slight  use  to  them. 

Symptoms. — The  true  symptoms  of  the  disease  are  usually 
preceded  by  a  period  of  incubation  varying  from  two  days  to  a 
week,  characterized  by  increasing  weakness,  and  toward  the 
end  of  the  period  by  nausea  and  perhaps  vomiting  and  vertigo. 
The  acute  stage  is  ushered  in  by  rigors  or  a  chill,  the  tempera- 
ture rising  somewhere  between  101°  and  105°  F.  (38.3°  to  40.5° 
C).  The  patient  reels  like  a  drunkard,  owing  to  marked  ver- 
tigo, and  complains  of  violent  headache  and  great  lassitude. 
This  sudden  and  early  exhaustion  is  apparent  in  the  features, 
the  drooping  eyelids,  the  apathetic  air,  and  the  evident  indif- 
ference to  surroundings  constituting  the  fades  pestica  char- 
acteristic of  the  disease.  The  respiration  is  usually  rapid,  the 
pulse  also ;  the  conjunctivse  are  congested,  and  keratitis,  iritis, 
or  panophthalmia  is  sometimes  observed.  The  tongue  is  swol- 
len, shows  the  impression  of  the  teeth,  and  is  covered  with  a 
whitish  fur  resembling  mother-of-pearl  (Bulard). 

In  the  bubonic  form,  the  bubo  appears  during  the  first 
hours  of  the  malady  and  is  usually  unique.  In  the  order  of  fre- 
quency, it  presents  itself  in  the  groin,  the  axilla,  or  the  neck. 
It  develops  with  rapidity,  and  is  well  advanced  as  early  as  the 
beginning  of  the  second  day,  and  is  always  very  sensitive  to  the 
touch  almost  from  the  start.  The  neighboring  tissues  are  tume- 
fied and  (Edematous,  especially  in  the  parotid  region.  When 
this  locality  is  invaded,  oedema  of  the  larynx  is  to  be  feared. 


*  Atiihor's  definition. 
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On  the  second  day,  the  bubo  is  about  the  size  of  a  pigeon's 
egg,  and  there  is  aggravation  of  all  the  constitutional  symp- 
toms, the  pulse  reaching  sometimes  1-iO.  Delirium  now  ap- 
pears and  the  stage  of  apathy  is  replaced  by  one  of  excite- 
ment, during  which  the  patient  may  try  to  get  up.  Physical 
disorders  become  manifest,  fixed  ideas  predominating.  Func- 
tional disturbances  of  speech  are  also  frequently  observed.  On 
the  third  day,  all  the  symptoms  become  still  further  aggravated, 
the  pulse  reaching  140  or  beyond,  and  the  bubo  attains  per- 
haps the  size  of  a  hen's  egg,  and  suppurates.  Occasionally  it 
becomes  gangrenous.  Carbuncles  may  develop  in  different 
parts  of  the  organism.  Extensive  petechia  are  usual :  the 
"plague-spots"  of  older  writers.  Haemorrhages  from  mucous 
membranes,  the  nose,  the  lungs,  etc.,  are  frequently  observed. 
In  some  epidemics  haemorrhages  are  witnessed  in  all  cases,  the 
buboes  assuming  an  haemorrhagic  type. 

Death,  in  the  majority  of  fatal  cases,  generally  occurs 
about  the  fourth  day,  either  from  toxic  paralysis  of  the  respira- 
tory or  cardiac  centers  or  from  collapse.  If  the  first  four  or 
five  days — the  acute  stage — are  passed  safely,  the  chances  of 
recovery  are  favorable.  On  the  other  hand,  a  stage  of  marasmus 
or  profoimd  depression  may  appear  on  the  fifth  day  and  the 
patient  succumb  on  the  sixth.  Much  depends  iipon  the  condi- 
tion of  the  heart.  Some  cases,  especially  in  children,  are  very 
benign,  showing  but  an  insignificant  rise  in  temperature,  slight 
inguinal  or  axillary  pain,  general  depression  and  ephemeral 
torpor.  Such  cases,  however,  are  apt  to  occur  early  in  the 
course  of  an  epidemic.  On  the  whole,  the  disease  shows  a  very 
high  rate  of  mortality. 

In  the  pneumonic  or  septic  variety  there  is  profound 
septicaemia.  The  pulmonary  inflammation  closely  resembles 
commencing  influenza  (Lewin)  and  does  not  show  clear  physi- 
cal signs.  It  is  a  form  of  confluent  lobar  pneumonia  without 
apparent  or  noticable  implication  of  the  lymphatic  system. 
It  begins  also  with  a  chill,  severe  pain  in  the  side,  and  more  or 
less  severe  cough  with  rusty  expectoration.  The  plague  bacillus 
is  always  found  in  the  latter.  In  this  variety  death  may  occur 
within  twenty-four  hours. 

«  2—64 
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Some  epidemics  exhibit  symptoms  representing  both 
varieties. 

Etiology  and  Pathogenesis. — The  disease  is  due  to  a  bacil- 
lus discovered  by  Kitasato,  in  1894,  and  which  is  probably  com- 
municated to  men  through  the  bites  of  insects,  fleas  especially, 
themselves  contaminated  by  the  blood  of  contaminated  ani- 
mals, especially  the  rat.  Filth  and  bodily  neglect  are  predis- 
posing causes.  When  the  infection  has  occurred,  the  germ  in- 
vades the  lymphatic  system  and  gives  rise,  as  in  syphilis,  to 
buboes,  the  characteristic  objective  symptom  of  the  disease. 

The  relationship  of  the  disease  with  the  ductless  glands 
is  shown  by  various  phenomena  which  the  presence  of  the 
buboes  does  not  explain,  viz.,  the  toxaemia.*  The  combination 
of  marked  exhaustion  and  weakness  at  the  commencement  of 
the  disease,  the  moist  non-tremulous  mother-of-pearl  tongue  of 
Bulard  and  the  delirium  and  excitement  on  the  second  or  third 
day,  indicate  the  identity  of  the  center  affected,  viz.,  the  sym- 
pathetic center,  and  the  character  of  the  morbid  process :  in- 
tense depression  or  paresis  of  this  center.*  The  tendency  to 
capillary  haemorrhages  in  the  viscera  and  subcutaneous  tissues 
points  from  a  different  direction  to  the  nature  of  the  peripheral 
disorder:  paresis  of  the  arteries,  a  fact  further  shown  by  the 
impaired  nutrition  of  the  peripheral  tissues  and  bones,*  which 
in  some  cases  may  even  undergo  necrosis.  The  intense  muscular 
weakness  is  a  normal  outcome  of  this  condition  and  to  it  also  is 
due  the  development  of  pneumonia,*  owing  to  the  ubiquitous 
presence  in  the  respiratory  channels  of  the  pneumococcus  and 
its  readiness  to  multiply  when  the  vital  functions  are  torpid. 

Fortunately,  the  test-organ  is  not  influenced  in  the  same 
way  and  soon  reacts,*  as  shown  by  the  rise  of  temperature, 
which  may  reach  105°  F.  (40.5°  C).  In  many  cases,  however, 
its  reaction  is  inadequate*  and  the  temperature  does  not  exceed 
101°  F.  (38.3°  C).  Under  these  conditions  the  case,  if  at  all 
a  severe  one,  rapidly  assumes  a  lethal  trend,  the  body's  defenses 
being  unable  to  save  it.* 

Treatment. — The  main  indications,  in  the  light  of  my 
views,  are  three  in  number.  The  first  of  these  is  to  raise  the 
functional  activity  of  the  adrenal  system  to  its  highest  possible 

*  Author's  conclusion. 
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potential,  to  check  the  multiplication  of  the  bacillus  in  the 
lymph  and  the  blood.*  As  its  toxin  is  very  sensitive  to  heat, 
both  pathogenic  elements  are  thus  antagonized.*  Mercury,  of 
all  agents,  does  this  most  promptly  and  should  be  injected  intra- 
venously. The  best  agent  for  this  purpose  is  the  hiniodide, 
Vs  to  V2  grain  (0.01  to  0.03  gm.)  dissolved  in  15  minims 
(1  gm.)  of  water  every  four  hours,  until  the  first  signs  of 
mercurialism  appear.  It  is  painless  vi^hen  injected — prefer- 
ably in  the  veins  of  the  elbow.  The  test-organ  being  promptly 
stimulated,  the  blood  is  soon  rendered  richer  in  auto-antitoxin, 
and  the  phagocytes  which  penetrate  into  the  lymph-channels 
and  glands  likewise.*  This  salt  does  not  contain  enough 
iodine  to  increase  adequately  the  proportion  of  thyroidase 
(opsonin)  and  the  bactericidal  activity  of  the  phagocytes.* 
Sodium  iodide,  15  grains  (1  gm.)  in  a  large  glass  of  water, 
should  be  given  orally  with  each  dose  of  mercury  and  continued 
every  four  hours  after  the  use  of  the  latter  drug  is  stopped. 

Pending  the  action  of  these  agents,  adrenalin  chloride, 
1-1000  solution  freely  diluted,  may  be  given  hypodermically, 
remembering,  however,  that  its  effect  can  only  be  ephemeral, 
since  it  is  promptly  converted  into  adrenoxidase.* 

Far  more  efficient,  however,  is  Yersin  and  Roux's  servm, 
which  corresponds,  in  composition,  with  the  auto-antitoxin  that 
accumulates  in  the  blood  under  the  influence  of  the  above- 
mentioned  drugs.*  The  failure  of  this  serum  in  a  large  pro- 
portion of  cases  is  due  to  the  fact  that  it  only  increases  the 
blood's  asset  in  auto-antitoxin,  withoiit  exciting  the  adrenal 
mechanism.*  As  an  adjunct  to  adrenal  stimulants,  mercury, 
for  example,  should  prove  invaluable.* 

The  main  indication  is  to  consider  those  remedies  as  sheet-anchor 
which  will  evoke  the  strongest  weapons  that  the  body  can  muster. 
Mercury  has  been  used  extensively  in  plague,  but  either  as  a  purgative, 
or  combined,  or  given  simultaneously  with  agents  which  counteract  its 
beneficial  effects.  H.  Lorans"  states  that  patients  "show  toleration 
for  large  doses  of  sublimate,  taking  as  much  as  IV2  grains  (0.1  gm. )  in 
twenty-four  hours  without  signs  of  salivation  or  stomatitis.  They 
improve  under  the  action  of  the  drug."  This  applies  likewise  to  iodine, 
which  has  been  found  of  great  value  by  a  large  number  of  practitioners. 
Gujjar,  of  Bombay,^'  for  example,  gives  the  following  report  of  the 
results  obtained  with  iodine  tTchloride : — 


*  Author's  conclnMon. 

3' H.  Lorans:    Med.  News,  Dec.  30,  1899. 

=8  Gujjar:    Indian  Med.  Record,  May  1,  1906. 
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For  February. 


Stations 

Ko.  OP  Casks. 

Recoveries. 

Deaths. 

Percentage  of 
Recoveries. 

With 
buboes. 

Without 
buboes. 

With 
buboes. 

Without 
buuoes. 

With 
buboes. 

Without 
buboes. 

With 
buboes. 

Without 
buboes. 

Pydhoni  

Bazargate.  . .  . 

Total  

41 

23 
15 

45 
64 
26 

23 
9 
12 

45 
60 
26 

18 
14 
3 

0 

4 
0 

56.09 

39.1 

80 

100. 
93.7 
100 

79 

135 

44 

131 

35 

4 

55.6 

97.03 

214 

175 

39 

For  March. 

Girgaum  

Pydhoni  

Total  

110 
49 

258 
209 

58 
26 

253 
206 

52 
23 

6 
3 

52.7 

53.06 

97.6 
98.5 

159 

467 

84 

458 

75 

9 

98.07 

626 

543 

84 

Although  this  report  seems  extraordinary  and  makes  one  wonder 
why  the  mortality  of  plague  is  so  great,  the  fact  remains  that  it  shows 
at  least  that  iodine  is  not  harmful  in  the  disease  and  that  the  indica- 
tions which  I  submit  are  warranted. 

The  use  of  adrenalin  chloride  has  been  extolled  by  Choksy,  of  Bom- 
bay,^' for  cardiac  failure  in  plague.  He  states  that  "a  marked  change  for 
the  better  was  soon  apparent  in  the  condition  of  the  patients  after  they 
were  put  under  adrenalin."  I  have  shown  under  "Antitoxin"  that  all 
sera  were  in  reality  the  auto-antitoxin  of  the  animal  from  which  the 
"antitoxin"  is  obtained.  The  value  of  Yersin  and  Roux's  serum  sug- 
gests itself  under  these  conditions. 

The  second  indication  is  to  restore  tlie  normal  caliber  of 
the  arterioles  by  stimulating  powerfully  the  sympathetic  cen- 
ter. A  careful  selection  of  drugs  is  necessary  here.  Exces- 
sive constriction  of  these  vessels  would  greatly  diminish  the 
volume  of  blood  admitted  to  the  capillaries.  It  is  advisable, 
therefore,  to  avoid  opium,  the  coal-tar  products,  and  all  anal- 
gesics in  fact,  as  these  agents  reduce  pain  by  causing  marked 
constriction  of  the  arterioles,  which  would  mean  added  torpor 
of  the  lymph-stream  and  freedom  to  the  plague  bacilli  to  pullu- 
late.* The  aim  should  be  to  employ  an  agent  capable  of  com- 
pensating for  the  reduced  caliber  by  an  augmentation  of  the 
propulsive  activity  of  the  vessel.*  We  have  precisely  such  an 
agent  in  atropine,  which,  besides,  is  capable  of  stimulating  the 
test-organ  and  therefore  of  increasing  the  volume  of  auto-anti- 


*  Author's  conclnsion. 

™  Choksy:    Indian  Med.  Gazette,  Apr.,  1905. 
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toxin  in  the  blood.*    A  dose  of  Vjoo  grain  (0.00065  gm.) 

with  each  dose  of  sodium  iodide  suggests  itself,  but  much  larger 

doses  would  probably  be  necessary  to  overcome  the  torpor  of 

the  sympathetic  center  due  to  the  toxin.* 

Atropine  has  likewise  been  used  in  plague,  but  practically  always 
with  drugs  capable  of  counteracting  its  action.  Where  such  has  not 
been  the  case,  however,  it  has  shown  distinctly  its  value.  Thus,  R.  Row^" 
says  that  in  August  and  September,  1899,  he  tested  atropine  in  the  treat- 
ment of  97  eases  of  plague.  To  these  he  adds  the  291  cases  of  Major 
R.  J.  Windle,  and  78  cases  treated  by  Dr.  A.  Turkhud  in  November  and 
December.  The  most  prominent  feature  observed  in  the  treatment  was 
the  condition  of  the  bubo,  which  either  subsided  completely  or  remained 
as  a  hard  nodule,  which,  in  some  cases  when  cut  into,  showed  a  mass  of 
slough  with  hardly  any  pus.  Personal  cases  gave  scarcely  14  per  cent, 
of  suppurations,  and  it  was  interesting  to  note  that  the  smaller  the  dose 
of  atropine  administered,  the  more  frequently  suppurations  were  found. 
Some  cases  not  treated  with  atropine  showed  84  per  cent,  of  suppura- 
tions. The  localization  of  the  bubo  indicated  a  favorable  termination  of 
the  disease.  As  to  the  size  of  the  dose,  Dr.  Row  states  6  drops  of  the 
liquor  atropinae  sulph.  failed  in  some  instances  to  cause  contraction  of 
the  pupil,  and  that  such  cases,  as  a  rule,  fared  badly.  From  my  view- 
point, the  sympathetic  center  had  been  paralyzed  by  the  toxin,  and 
reacted  no  more  to  atropine  than  to  any  other  agent — except,  perhaps, 
mercury. 

The  third  feature  of  the  treatment  is  to  maintain  the 
fluidity  of  the  blood  and  lymph,  i.e.,  their  osmotic  properties.* 
This  factor  is  of  especial  importance  in  all  diseases  in  which, 
as  in  plague,  the  lymphatic  system  is  primarily  involved,  since 
any  degree  of  abnormal  viscidity  of  the  lymph,  by  slowing  the 
speed  of  the  current,  retards  transmission  of  the  pathogenic 
germs  to  the  blood,  where  they  are  most  readily  destroyed.*  The 
indications  outlined  on  page  1367  are  eminently  applicable  in 
the  present  connection. 

Prophylaxis. — In  the  light  of  the  above  facts,  to  protect 
the  body  against  plague  infection,  the  protective  activity  of 
the  adrenal  system  should  be  increased  by  remedies  able  to 
excite  the  test-organ.*  Haffkine's  prophylactic  fluid  owes  its 
properties  to  such  an  action,*  while  the  serum  of  Yersin  and 
Eoux  is  the  antitoxin  itself.  Thyroid  extract,  3  grains  (0.2  gm.) 
after  meals,  suffices  to  increase  markedly  the  adrenoxidase  in 
the  blood-stream;*  the  iodides  of  mercury  and  also  iodine  and 
its  preparations  are  both,  we  have  seen,  capable  of  enhancing 
powerfully  the  efficiency  of  the  body's  auto-protective  me- 
chanism.* 


*  Author'/!  conrhtsinn. 

*<>R.  Row:   Lancet,  May  19,  1900. 
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in  the  nervous  elements  as  a  cause 
of  pain,  1267;  red  corpuscles  as 
storage-cells  for,  828. 

Adrenoxidase  plus  nucleo-proteid  as 
enterokinase,  857. 

Albuminous  constituent  of  hemo- 
globin, oxidizing  substance  (oxidase) 
as  the,  822. 

Alcohol,  1.326;  physiological  action, 
1326;  therapeutics,  1335;  untoward 
effects,  1330;  valueless  as  a  food, 
1335. 

Alimentary  canal,  adrenal  system  in 
the  diseases  of  the,  1720. 

Alkaline  carbonates,  1367. 

Alkaline  salts,  1370. 

Alveolar  sarcoma,  1405. 

Amyl  nitrite,  1350;  acute  poisoning, 
1352;  physiological  action,  1350;  ther- 
apeutics, 1353. 

Amylopsin,  active  principle  of  adre- 
noxidase as  the  ferment  of,  862. 

Anaemia,  1771;  definition,  1771;  due  to 
haemorrhage,  1774;  symptomatology, 
pathology,  and  pathogenesis,  1771; 
treatment,  1777. 
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Anaemia,  idiopathic,  1778. 

Anaemia,  pernicious,  1778. 

Anaesthesia,  surgical,  excitation  of  the 
vasomotor  center  and,  1293. 

Analgesics,  sympathetic  center  in  ac- 
tion of,  1270. 

Angina  pectoris,  1565;  definition,  1565; 
pathogenesis,  1566;  symptoms,  1565; 
treatment,  1570. 

Angiosarcoma,  1405. 

Anterior  pituitary  as  a  lymphoid  or- 
gan, 1037;  thyroid  apparatus  and  ad- 
renals combined  as  the  auto-immu- 
nlzing  mechanism  of  the  organism, 
1072. 

Antipyrin,  1282;  action  as  an  anal- 
gesic, 1285;  action  as  antipyretic, 
1284;  physiological  action,  1282;  ther- 
apeutics, 1289;  untoward  effects  and 
poisoning,  1286. 

Antitoxins,  1177:  physiological  action, 
1181;  source  and  chemical  nature  of, 
1177;  therapeutics,  1184;  untoward 
effects,  1182. 

Anuria,  1219. 

Apocynum,  1225. 

Apomorphine,  1380. 

Apoplexy,  1573. 

Arsenic,  1310;  acute  poisoning,  1314; 
chronic  poisoning,  1313;  physiological 
action,  1310;  therapeutics,  1317;  un- 
toward effects,  1313. 

Arteriofibrosis,  1548. 

Arteriosclerosis,  1548;  definition,  1548; 
pathogenesis  and  pathology,  1548; 
symptoms,  1548;  treatment,  1560. 

Asiatic  cholera,  1720. 

Aspiration  pneumonia,  1681. 

Asthenic  glycosuria,  1597;  definition, 
1597;  pathogenesis  and  pathology, 
1602;  symptoms  and  etiology,  1598; 
treatment,  1606. 

Asthma,  1699. 

Asthma,  bronchial,  1699;  definition, 
1699;  pathogenesis  and  pathology, 
1701;  symptoms,  1699;  treatment, 
1705. 

Asthma,  hay,  1709. 
Asthma,  spasmodic,  1699. 
Atheroma,  1548. 
Atropine,  1210. 

Auto-antitoxin,  drugs  which  enhance 
the  formation  of,  1134,  1201. 

Auto-protective  substance,  internal  se- 
cretions as  the  body's,  1099. 

Autumnal  fever,  1758. 


Belladonna  and  atropine,  1210;  physio- 
logical action,  1210;  therapeutics, 
1214;  untoward  effects  and  poison- 
ing, 1213. 

Bilious  headache,  1522. 

Black  death,  i807. 

Bleeder's  disease,  1791. 

Blood,  diseases  of  the,  adrenal  sys- 
tem in,  1770. 

Blood-plasma  as  homologue  of  sea- 
water,  1362. 

Breast-pang,  1565. 

Bromides,  1338;  acute  poisoning,  1341; 
physiological  action,  1338;  therapeu- 
tics, 1342. 

Bromism,  1339. 

Bronchial  asthma,  1699. 

Bronchial  catarrh,  acute,  1692. 

Bronchitis,  acute,  1692;  definition, 
1692;  etiology  and  pathogenesis, 
1693;  symptoms  and  pathology,  1662; 
treatment,  1695. 

Bronchitis,  capillary,  1681. 

Broncho-pneumonia,  1681;  definition, 
1681;  etiology  and  pathogenesis,  1683; 
symptoms,  1681;  treatment,  1685. 

Bronzing,  haemoglobin  and,  835. 

Brucine,  1231. 

Bubonic  plague,  1807. 

Caffeine,  1231. 
Calcium,  1372. 
Calomel,  1388. 

Cancer,  1390;  definition,  1390;  patho- 
genesis and  pathology,  1397;  prophy- 
laxis, 1422;  symptoms,  1391;  treat- 
ment, 1413. 

Cancer,  encephaloid,  of  the  mammary 
gland,  1393. 

Cancer,  external,  1391. 

Cancer  immunity,  1425. 

Cancer,  internal,  1393;  of  the  gall- 
bladder, 1395;  of  the  intestine,  1396; 
of  the  larynx,  1394;  of  the  liver,  1395; 
of  the  mammary  gland,  1392;  of  the 
oesophagus,  1394;  of  the  pancreas, 
1395;  of  the  peritoneum,  1396;  of  the 
rectum,  1397;  of  the  skin,  1391;  of 
the  stomach,  1394;  of  the  tongue, 
1393;  of  the  uterus,  1396. 

Cancerous  cachexia,  1411. 

Capillary  bronchitis,  1681. 

Carbolic  acid,  1361. 

Carcinoma,   colloid,   1404;  cylindrical, 
1404;  granular,  1404;  squamous,  1404. 
Cardiac  dropsy,  calomel  in,  1388. 
Castor  oil,  1377. 
Catarrh,  pollen,  1709. 
Catarrh,  suffocative,  1681. 
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Catarrh,  summer,  1709. 

Catarrhal  disorders  of  the  respiratory 

tract,  adrenal  system  in,  1691. 
Catarrhal  enteritis,  acute,  1737. 
Catarrhal  enteritis,  simple  acute,  1750. 
Catarrhal  pneumonia,  1681. 
Catarrhus  aestivus,  1709. 
Cellular  life,  potassium  in,  1372. 
Cerebral  apoplexy,  1573. 
Cerebral  haemorrhage,  1573;  definition, 

1573;    pathogenesis    and  pathology, 

1576;    symptoms,    1573;  treatment, 

1578. 

Chlorffimia,  1784. 

Chloral,  1318;  chronic  poisoning,  1322; 
physiological  action,  1318;  therapeu- 
tics, 1323. 

Chlorancemia,  1784. 

Chloride  of  sodium,  1367. 

Chloroform,  1294;  danger  signals,  1298; 
physiological  action,  1294;  untoward 
effects,  1296. 

Chlorosis,  1784;  definition,  1784;  etiol- 
ogy and  pathogenesis,  1787;  sympto- 
matology and  pathology,  1784;  treat- 
ment, 1789. 

Cholera  algida,  1720. 

Cholera  Asiatica,  1720;  definition,  1720; 
pathogenesis  and  pathology,  1723; 
prophylaxis,  1733;  symptoms,  1720; 
treatment,  1730. 

Cholera,  dry,  1722. 

Cholera,  epidemic,  1720. 

Cholera,  infantile,  1737. 

Cholera  infantum,  1737;  definition, 
1737;  pathogenesis  and  pathology, 
1738;  symptoms,  1737;  treatment,  1740. 

Cholera  maligna,  1720. 

Cholera  morbus,  1734;  definition,  1734; 
pathogenesis  and  pathology,  1735; 
symptoms,  1734;  treatment,  1736. 

Cholera  nostras,  1734. 

Cholera  siderans,  1722. 

Cholera,  sporadic,  1734. 

Coca  and  cocaine,  1232;  physiological 
action,  1232;  therapeutics,  1238;  un- 
toward effects  and  poisoning,  1235. 

Cocainism,  1237. 

Colitis,  mucous,  1753. 

Colitis,  ulcerative,  1753. 

Colloid  carcinoma,  1404. 

Common  sensibility,  neural  lobe  of 
the  pituitary  as  the  seat  of,  and  as 
the  general  motor  center,  995. 

Congenital  syphilis,  1806. 

Conjugal  glycosuria,  1597. 

Consumption,  1609. 

Convallaria,  1225. 

Convulsions,  infantile,  1472. 


Convulsive  diseases  due  to  hypoactiv- 
ity  of  the  adrenal  system,  1426. 

Coryza,  idiosyncratic,  1709. 

Creosote,  creosote  carbonate,  guaiacol 
and  guaiacol  carbonate,  1357;  physi- 
ological action,  1357;  therapeutics, 
1360;  untoward  effects  and  poisoning, 
1350. 

Croton  oil,  1377. 

Croupous  pneumonia,  1659. 

Cutaneous  sarcoma,  1392. 

Cylindrical  carcinoma,  1404. 

Death  in  infections,  absence  of  min- 
eral salts  as  cause  of,  1370. 

Deciduoma  malignum,  1404. 

Defensive  properties  of  the  blood, 
drugs  which  enhance  the,  1134. 

Deglutition  pneumonia,  1681. 

Diabete  brotixe,  1597. 

Diabite  maigre,  1597. 

Diabetes  decipiens,  1597. 

Diabetes  mellitus,  1783;  definition, 
1583;  diet,  1595;  pathogenesis  and 
pathology,  1585;  symptoms,  1583; 
treatment,  1591. 

Diaphoretics,  1380;  physiological  ac- 
tion, 1380;  therapeutics,  1383;  un- 
toward effects  and  acute  poisoning, 
1382. 

Diarrhoea,  acute,  1750. 

Diarrhoea,  chronic,  1753. 

Diarrhoea,  dyspeptic,  1742. 

Diarrhoea,  infantile,  1742. 

Diarrhoea,  summer,  1742. 

Diarrhoea,  tropical,  1753. 

Diastase  which  converts  glycogen  into 
sugar,  active  principle  of  adrenoxi- 
dase  as  the  ferment  of,  862. 

Digitalis,  1215,  1387;  physiological  ac- 
tion, 1215;  therapeutics,  1221;  un- 
toward effects  and  poisoning,  1219. 

Disorders  due  to  hyperactivity  of  the 
adrenal  system,  1548. 

Diuresis,  1219. 

Diuretics,  1387. 

Drugs  which  become  constituents  of 

the  tissue-cells,  1246. 
Drugs   which   enhance  the  defensive 

properties  of  the  blood,  1134. 
Drugs  which  promote  the  formation  of 

auto-antitoxin,  1201. 
Dry  cholera,  1722. 

Dynamic  element  of  life,  active  prin- 
ciple of  adrenoxidase  as  the,  933,  941; 
adrenal  active  principle  as  the,  885. 

Dyspeptic  diarrhoea,  1742. 
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Eclampsia,  infantile,  1472. 
Eclampsia,  puerperal,  1473. 
Ehrlich's  side-chain  theory,  1177. 
Emaciating  diabetes,  1597. 
Emetics,    1.378;    physiological  action, 

1378;    therapeutics,    1380;  untoward 

effects  and  poisoning,  1379. 
Encephaloid  cancer  of  the  mammary 

gland,  1393. 
Endarteritis  chronica  deformans,  1548. 
Enteric  fever,  1758. 

Enteritis,  acute,  1750;  definition,  1750; 

pathogenesis    and    pathology,  1751; 

symptoms,  1751;  treatment,  1752. 
Enteritis,  acute  catarrhal,  1737. 
Enteritis,     chronic,     1753;  definition, 

1753;    pathogenesis    and  pathology, 

1754;    symptoms,    1753;  treatment, 

1755. 

Enteritis,  simple  acute  catarrhal,  1750. 

Entero-colitis,  acute,  1743. 

Entero-colitis,  chronic,  1753. 

Enterokinase,  adrenoxidase  as  a  con- 
stituent of,  851. 

Enterokinase,  adrenoxidase  plus  nu- 
cleo-proteid  as,  857. 

Epidemic,  cholera,  1720. 

Epilepsy,  1454;  definition,  1454;  etiol- 
ogy, 1457;  pathogenesis,  1457;  pathol- 
ogy, 1454;  symptoms,  1454;  treat- 
ment, 1465. 

Epilepsy,  Jacksonian,  1457,  1465;  treat- 
ment, 1472. 

Epilepsy,  major,  1455. 

Epilepsy,  minor,  1454. 

Epilepsy,  reflex,  treatment,  1472. 

Epileptoid  disorders,  1472. 

Epinephrin,  1169. 

Epithelioma,  1404. 

Ergot,  1383;  physiological  action,  1383; 

therapeutics,   1386;   untoward  effects 

and  poisoning,  1385. 
Ergotism,  chronic,  1385. 
Erythrol  tetranitrate,  1357. 
Ether,    1299;     danger    signals,  1302; 

physiological  action,  1299;  untoward 

effects,  1301. 
Ether  pneumonia,  1670. 
Eucalyptus,  1246. 

Excitation  of  the  vasomotor  center 
and  surgical  anaesthesia,  1293. 

Palling  evil,  1454. 

Falling  fits,  1454. 

Falling  sickness,  1454. 

Ferment  of  the  coagulation  ferment, 

active  principle  of  adrenoxidase  as 

the,  869. 


Ferment  of  ferments,  adrenal  active 
principle  as  the,  851,  878. 

Ferment  of  pepsin,  active  principle 
of  adrenoxidase  as  the,  875. 

Ferment  of  ptyalin,  amylopsin,  lipase, 
and  maltase,  and  of  diastase  which 
converts  glycogen  into  sugar,  active 
principle  of  adrenoxidase  as  the,  862. 

Ferment  of  tissue-cells,  leucocytic  fer- 
ments as  the  intracellular,  907. 

Ferment  of  trypsin,  active  principle  of 
adrenoxidase  as  the,  857. 

Ferments,  leucocytic,  as  the  intracel- 
lular ferments  of  tissue-cells,  907. 

Fever,  1201. 

Fibrinogen    proper,    rennin    as,  869; 

zymogen  of,  869. 
Fibrinous  pneumonia,  1659. 
Fright  glycosuria,  1597. 

Gall-bladder,  cancer  of,  1395. 

Gastro-enteritis,  acute,  1742. 

General  motor  center,  neural  lobe  of 
the  pituitary  as  the  seat  of  common 
sensibility  and  the,  995. 

Giant-celled  sarcoma,  1405. 

Glycogen  into  sugar,  diastase  which 
converts,  862. 

Glycosuria,  1583. 

Glycosuria,  asthenic,  1597. 

Gout,  1500;  definition,  1500;  pathogene- 
sis, 1503;  pathology,  1500;  prophylac- 
tic treatment  of,  1519;  symptoms, 
1500;  treatment,  1514. 

Gouty  diathesis,  1500. 

Granular  carcinoma,  1404. 

Granulations  of  leucocytes  and  adre- 
noxidase in  the  functions  of  the 
nerve-cell,  915;  as  the  granules 
(microsomes)  of  tissue-cells,  896;  as 
the  living  substance,  885,  927. 

Granules  of  tissue-cells,  granulations 
of  leucocytes  as  the,  896. 

Green  sickness,  1784. 

Guaiacol,  1360. 

Guaiacol  carbonate,  1360. 

Haemoglobin,  adrenal  secretion  as  the 
constituent  of,  835;  and  bronzing, 
835;  oxidizing  substance  (oxidase) 
as  the  albuminous  constituent  of, 
822. 

Haemophilia,  1791;  definition,  1791;  eti- 
ology and  pathogenesis,  1792;  symp- 
toms and  pathology,  1791;  treatment, 
1793. 

Haemophilia,  sporadic,  1791. 
Hay  asthma,  1709. 
Hay-fever,  1709. 
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Headache,  bilious,  1522;  sick,  152?. 
Hemicrania,  1522. 
Heroin,  1281. 
Herpes  zoster,  1534. 
Homatropine  hydrobromide,  1215. 
Hydrastinine,  1386. 
Hydrastis,  1386. 

Hydrolytic  ferments  as  compound  bod- 
ies containing  a  zymogen,  nucleo- 
proteid  and  adrenoxidase,  878. 

Hydrophobia,  1486. 

Hyoscyamine  sulphate,  1215. 

Hyoscyamus,  1215. 

Hyperactivity  of  the  adrenal  system, 
disorders  due  to,  1548. 

Hyperaesthetic  rhinitis,  1709;  defini- 
tion, 1709;  etiology  and  pathogenesis, 
1711;  prophylaxis,  1712;  symptoms, 
1709;  treatment,  1712. 

Hypnotism,  1265. 

Idiopathic  anasmia,  1778. 
Idiopathic  tetanus,  1441. 
Idiosyncrasy,  1209. 
Idiosyncratic  coryza,  1709. 
lleo-colitis,  acute,  1750. 
Immunity,  1367;  in  cancer,  1425. 
Immunizing  functions,  pituitary  body 

as    the    governing    center    of  the 

body's,  960. 
Infantile  cholera,  1737. 
Infantile  convulsions,  1472;  treatment, 

1473. 

Infantile  diarrhoea,  1742;  definition, 
1742;  pathogenesis  and  pathology, 
1743;  symptoms,  1742;  treatment, 
1748. 

Infantile  eclampsia,  1472. 

Infectious  diseases  of  the  lungs,  ad- 
renal system  in,  1608,  1658. 

Intermittent  tetanus,  1429. 

Internal  secretions  as  the  body's  auto- 
protective  substance,  1099. 

Intestinal  catarrh,  acute,  1750. 

Intestine,  cancer  of  the,  1396. 

Intracellular  ferments  of  tissue-cells, 
leucocytic  ferments  as  the,  907. 

Iodides,  1159. 

Iodine  and  the  iodides,  1159;  acute 
poisoning,  1167;  physiological  action, 
1159;  therapeutics,  1168. 

lodism,  1163. 

Ipecac,  1380. 

Iron,  1247;  physiological  action,  1247; 
poisoning,  1249;  therapeutics,  1249. 

Jaborandi,  1380. 

Jacksonian  epilepsy,  1457,  1465;  treat- 
ment, 1472. 
June  cold,  1709. 


Larynx,  cancer  of,  1394. 

Leucocytes,  anterior  pituitary  as  a 
lymphoid  organ  in  which  the  pro- 
ducts of,  are  exposed  to  the  test- 
organ,  1037;  as  the  distributors  of 
remedies  and  poisons,  1027;  as  the 
granules  (microsomes)  of  tissue- 
cells,  granulations  of,  896;  as  the 
purveyors  of  the  thyroid  and  para- 
thyroids, and  as  the  secreting  cells 
of  these  organs,  1057;  as  tissue 
builders,  885;  granulations  of,  and 
adrenoxidase  in  the  functions  of  the 
nerve-cell,  915;  granulations  of,  as 
living  substance,  885,  927. 

Leucocytic  ferments  as  the  intracellu- 
lar ferments  of  tissue-cells,  907. 

Life,  active  principle  of  adrenoxidase 
as  the  dynamic  element  of,  933,  941; 
adrenal  active  principle  as  the  dy- 
namic element  of,  885. 

Lipase,  active  principle  of  adrenoxi- 
dase as  the  ferment  of,  862. 

Lithaemia,  1500. 

Lithium,  bromides  of,  1338. 

Liver,  cancer  of  the,  1395. 

Living  substance,  granulations  of  leu- 
cocytes as  the,  885,  927. 

Lobar  pneumonia,  1659. 

Lobular  pneumonia,  1681. 

Lockjaw,  1437. 

Lues,  1795. 

Lues  venerea,  1795. 

Lungs,  adrenal  system  in  the  infec- 
tious diseases  of  the,  1608,  1658. 

Lymphatic  system,  adrenal  system  in 
infections  of  the,  1795. 

Lymphoid  organ,  anterior  pituitary  as 
a,  1037. 

Lymphosarcoma,  1405. 

Magnesium  citrate,  1377. 

Magnesium  sulphate,  1377. 

Malignant  adenitis,  1807. 

Maltase,  active  principle  of  adrenoxi- 
dase as  the  ferment  of,  862. 

Mammary  gland,  cancer  of,  1392. 

Marine  salts  as  participants  in  the  de- 
fensive functions,  1367. 

Mechanism  of  vasodilation  and  its  re- 
lations to  organic  function,  1115. 

Mercury,  1146;  acute  poisoning,  1155; 
physiological  action,  1146;  therapeu- 
tics, 1157;  untoward  effects,  1150. 

Mercurialism,  1152. 

Microsomes  of  tissue-cells,  granula- 
tions of  leucocytes  as  the,  896. 
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Migraine,  1522;  definition,  1522;  etiol- 
ogy and  pathogenesis,  1525;  prophy- 
laxis, 1526;  symptoms  and  pathology, 
1522;  treatment,  1526. 

Morbus  caducus,  1454. 

Morbus  sacer,  1454. 

Morbus  virgineus,  1784. 

Morphine,  1272. 

Morphinism,  1276. 

Morphinomania,  1276. 

Motor  center,  general,  neural  lobe  of 
the  pituitary  as  the  seat  of  common 
sensibility  and  as  the,  995. 

Mucous  colitis,  1753. 

Mustard,  1379. 

Need  of  a  secretion  to  account  for  the 

respiratory  process,  801. 
Nerve-cell,  granulations  of  leucocytes 

and  adrenoxidase  In  the  functions  of 

the,  915. 

Nerve-paths  from  the  pituitary  to  the 
spinal  cord,  973. 

Nervous  disorders  of  the  respiratory 
tract,  adrenal  system  in,  1691. 

Nervous  fever,  1758. 

Neural  lobe  of  the  pituitary  as  the 
seat  of  common  sensibility  and  as 
the  general  motor  center,  995;  as  the 
seat  of  the  sympathetic  center,  982. 

Neuralgia,  1529. 

Neuritis,  including  neuralgia,  tic  dou- 
loureux, sciatica  and  zona  (shingles, 
herpes  zoster),  1529;  definition,  1529; 
etiology  and  pathogenesis,  1538;  gen- 
eral pathology,  1536;  symptoms  and 
pathology,  1530;  treatment,  1541. 

Nitre,  1383. 

Nitroglycerin,  1354;  physiological  ac- 
tion, 1354;  therapeutics,  1356;  un- 
toward effects  and  poisoning,  1355. 

Nitrous  oxide,  1303;  danger  signals, 
1306;  physiological  action,  1303;  un- 
toward effects,  1306. 

Nucleo-proteid  and  adrenoxidase,  hy- 
drolytic  ferments  as  compound  bodies 
containing  a  zymogen,  878. 

Nucleo-proteid  plus  adrenoxidase  as 
enterokinase,  857. 

CEsophagus,  cancer  of,  1394. 

Opium  and  morphine,  1272;  action  as 
analgesic,  1273;  action  as  hypnotic, 
1275;  acute  poisoning,  1278;  physio- 
logical action,  1272;  therapeutics, 
1279. 

Organic  function,  vasodilation  and  its 
relations  to,  1115. 


Oxidase  as  a  respiratory  constituent  Of 
all  organisms,  812;  as  the  albumin- 
ous constituent  of  haemoglobin,  822. 

Oxidizing  substance  (oxidase)  as  a  re- 
spiratory constituent  of  all  organ- 
isms, 812;  as  the  albuminous  constit- 
uent of  haemoglobin,  822;  red  corpus- 
cles as  storage-cells  for  the,  828. 

Oxygen  of  the  air,  adrenal  secretion 
as  the  blood  constituent  which  takes 
up  the,  805. 

Oxytocics,  1383. 

Pain,  adrenoxidase  in  nervous  ele- 
ments as  a  cause  of,  1267. 

Pain-causing  disorders  due  to  hypo- 
activity  of  the  adrenal  system,  1499. 

Pancreas,  cancer  of  the,  1395. 

Paraldehyde,  1323;  poisoning,  1324. 

Parathyroids,  leucocytes  as  the  pur- 
veyors of  the,  1057. 

Peach  cold,  1709. 

Pepsin,  active  principle  of  adrenoxi- 
dase as  the  ferment  of,  875. 

Peritoneum,  cancer  of,  1396. 

Pernicious  anamia,  1778;  definition, 
1778;  etiology  and  pathoge'nesis,  1781; 
symptoms  and  pathology,  1778;  treat- 
ment, 1782. 

Pertussis,  1716;  definition,  1716;  etiol- 
ogy and  pathogenesis,  1717;  symp- 
toms, 1716;  treatment,  1717. 

Phosphorus,  1250;  chronic  poisoning, 
1257;  physiological  action,  1250;  ther- 
apeutics, 1257;  untoward  effects  and 
acute  poisoning,  1251. 

Phthisis,  1609. 

Physiological  excitant  of  the  test-or- 
gan, thyro-parathyroid  secretion  as 
the,  1087. 

Pilocarpine,  1380. 

Pituitary  body  as  a  nerve-center,  966; 
as  the  governing  center  of  the  ad- 
renals and  as  the  thermogenic  and 
respiratory  center,  1008;  as  the  gov- 
erning center  of  the  body's  immu- 
nizing functions,  960;  nerve-paths 
from  the,  to  the  spinal  cord,  973; 
neural  lobe  of  the,  as  the  seat  of 
common  sensibility  and  as  the  gen- 
eral motor  center,  995;  neural  lobe 
of  the,  as  the  seat  of  the  sympa- 
thetic center,  982. 

Plague,  1807;  definition,  1807;  etiology 
and  pathogenesis,  1810;  prophylaxis, 
1813;  symptoms,  1808;  treatment, 
1810. 
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Pneumonia,  1659;  complications,  1667; 
definition,  1659;  etiology  and  patho- 
genesis, 1667;  symptoms  and  pathol- 
ogy, 1660;  treatment,  1672. 

Pneumonia,  aspiration,  1681. 

Pneumonia,  broncho-,  1681. 

Pneumonia,  catarrhal,  1681. 

Pneumonia,  croupous,  1659. 

Pneumonia,  deglutition,  1681. 

Pneumonia,  fibrinous,  1659. 

Pneumonia,  lobar,  1659. 

Pneumonia,  lobular,  1681. 

Pneumonitis,  1659. 

Poisoning,  acetanilid,  1291;  aconite, 
1347;  adrenalin,  1173;  alcohol,  1330; 
amyl  nitrite,  1352;  antipyrin,  1286; 
arsenic  1313;  atropine,  1213;  bella- 
donna, 1213;  bromide,  1341;  chloral, 
1322;  chloroform,  1296;  coca  and  co- 
caine, 1235;  creosote,  1359;  digitalis, 
1219;  ergot,  1385;  ether,  1301;  iodine, 
1163,  1167;  iron,  1249;  mercury,  1150, 
1152;  morphine,  1276,  1278;  nitrous 
oxide,  1306;  nitroglycerin,  13.55; 
opium,  1278;  paraldehyde,  1324;  phos- 
phorus, 1251,  1257;  pilocarpine,  1382; 
quinine,  1243;  strophanthus,  1224; 
strychnine,  1229;  sulphonal,  1325; 
trional,  1325;  veratrum  viride,  1344. 

Pollen  catarrh,  1709. 

Posterior  lobe  of  the  pituitary  the  seat 
of  the  adreno-thyroid  center,  1125; 
as  the  seat  of  common  sensibility 
and  as  the  general  motor  center, 
995. 

Potassium  and  sodium  tartrate,  1377. 
Potassium  bitartrate,  1377. 
Potassium,  bromides  of,  1338. 
Potassium  in  cellular  life,  1372. 
Potassium  phosphates,  1367. 
Potassium  tartrate,  1377. 
Pox,  1795. 

Present  status  of  therapeutics,  1113. 

Progressive  pernicious  antemia,  1778. 

Ptyalin,  active  principle  of  adrenoxi- 
dase  as  the  ferment  of,  862. 

Puerperal  convulsions,  1473. 

Puerperal  eclampsia,  1473;  definition, 
1473;  etiology  and  pathogenesis,  1474; 
symptoms  and  pathology,  1473;  treat- 
ment, 1480. 

Pulmonary  tuberculosis,  1609;  defini- 
tion, 1609;  etiology  and  pathogenesis, 
1628;  prophylaxis,  1656;  symptoms 
and  pathology,  1610;  treatment,  1639. 

Purgatives,  1374;  physiological  action, 
1371;  therapeutics,  1377. 


Quinine,  1240;  physiological  action, 
1240;  therapeutics,  1245;  untoward 
effects  and  poisoning,  1243. 

Rabies,  1486;  definition,  1486;  etiology 
and  pathogenesis,  1489;  incubation  of, 
1486;  paralytic  period,  1488;  premoni- 
tory symptoms  of,  1486;  prophylac- 
tic treatment,  1492;  spasmodic  stage, 
1487;  symptoms  and  pathology,  1486; 
treatment  of  developed,  1496. 

Ragweed  fever,  1709. 

Rectum,  cancer  of,  1397. 

Red  corpuscles  as  storage-cells  for  the 
oxidizing  substance,  828. 

Remedies  used  to  influence  special  or- 
gans, 1373. 

Remedies  which  depress  the  functions 
of  the  adrenal,  vasomotor,  and  sym- 
pathetic centers,  1307. 

Rennin  as  "fibrinogen  proper,"  869. 

Respiration,  secretion  of  the  adrenals 
in,  801. 

Respiratory  center,  pituitary  body  as 
the,  1008. 

Respiratory  process,  need  of  a  secre- 
tion to  account  for  the,  801. 

Respiratory  tract,  catarrhal  and  nerv- 
ous disorders  of  the,  adrenal  system 
in  the,  1691. 

Rhinitis,  hypersesthetic,  1709. 

Rose  cold,  1709. 

Round-cell  sarcoma,  1405. 

Salicylates,  1282. 

Salicylic  acid,  1282. 

Saline  purgatives,  1377. 

Saline  solution,  1387. 

Sarcoma,  alveolar,  1405;  angio-,  1405; 

cutaneous,    1392;    giant-celled,  1405; 

lympho-,    1405;    round-celled,  1405; 

spindle-celled,  1405. 
Sciatica,  1532. 

Scirrhous  cancer  of  the  mammary 
gland,  1392. 

"Secretin,"  adrenoxidase  as,  857. 

Secretion  of  the  adrenals  in  respira- 
tion, 801. 

Secretion  to  account  for  the  respira- 
tory process,  need  of  a,  801. 

Sensitizing  substance  of  all  cells, 
thyro-parathyroid  secretion  as  the, 
1087. 

Shingles,  1531. 

Shock  glycosuria,  1597. 

Sick  headache,  1522. 

Skin  cancers,  1391. 

Sleep,  1259. 
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Sleep  center,  sympathetic  center  as 
the,  1259. 

Sodium  bicarbonate,  1372. 

Sodium,  bromides  of,  1338. 

Sodium  chloride,  1368;  contraindica- 
tions, 1372;  therapeutics,  1369;  un- 
toward effects,  1372. 

Sodium  phosphates,  1367. 

Sodium  sulphate,  1372,  1377. 

Source  and  chemical  nature  of  anti- 
toxins, 1117. 

Sparteine,  1225. 

Spasmodic  asthma,  1699. 

Spindle-celled  sarcoma,  1405. 

Sporadic  cholera,  1734. 

Squamous  carcinoma,  1404. 

Squill,  1388. 

Status  epilepticus,  1456;  treatment  of, 
1471. 

Stenocardia,  1565. 
Stomach,  cancer  of,  1394. 
Storage-cells  for   the   oxidizing  sub- 
stance, red  corpuscles  as,  828. 
Stramonium,  1215. 

Stricto-dilators,  cranial,  in  organic 
function,  1185. 

Strophanthus,  1222;  physiological  ac- 
tion of,  1222;  therapeutics,  1224;  un- 
toward effects  and  poisoning,  1224. 

Strychnine,  1225;  physiological  action, 
1225;  poisoning,  1229;  therapeutics, 
1230. 

Suffocative  catarrh,  1681. 
Sugar,  diastase  which  converts  glyco- 
gen into,  862. 
Sulphonal,  1324;  poisoning,  1325. 
Summer  catarrh,  1709. 
Summer  diarrhoea,  1742. 
Suprarenalin,  1169. 

Surgical  anaesthesia,  excitation  of  the 
vasomotor  center  and,  1293. 

Sweet  spirit  of  nitre,  1383. 

Sympathetic  center  as  the  interme- 
diary through  which  analgesics  pro- 
duce their  effects,  1270;  as  the  sleep 
center,  1259;  neural  lobe  of  the  pitui- 
tary as  the  seat  of  the,  982. 

Sympathetic  constrictors  and  the  cra- 
nial stricto-dilators  in  organic  func- 
tion, 1185. 

Syphilis,  1795;  congenital,  1806;  defini- 
tion, 1795;  etiology  and  pathogenesis, 
1798;  symptoms,  1796;  treatment, 
1804. 

Test-organ,  adreno-thyroid  center  as 
Intermediary  of  impulses  to  adrenals 
and  thyroid,  1125;  anterior  pituitary 
as  a  lymphoid  organ  in  which  the 


products  of  leucocytes  and  any  drug, 
poison,  or  toxin  these  cells  may  con- 
tain are  exposed  to  the,  1037;  thyro- 
parathyroid  secretion  as  the  physio- 
logical excitant  of  the,  1087. 
Tetanilla,  1429. 

Tetany,  1429;  definition,  1429;  etiology 
and  pathogenesis,  1430;  symptoms 
and  pathology,  1429;  treatment,  1434. 

Tetanus,  1437;  definition,  1437;  etiol- 
ogy, 1440;  pathogenesis,  1438;  prophy- 
lactic treatment,  1444;  symptoms  and 
pathology,  1437;  treatment,  1446. 

Tetanus,  idiopathic,  1441. 

Tetanus  neonatorum,  1441. 

Tetanus,  traumatic,  1440. 

Therapeutics,  internal  secretions  as 
the  foundation  of  rational,  1112; 
present  status  of,  1113. 

Thermogenic  center,  pituitary  body 
as  the,  1008. 

Thyroid,  leucocytes  as  the  purveyors 
of  the,  1057. 

Thyroid  apparatus,  anterior  pituitary 
and  adrenals  combined  as  the  auto- 
immunizing  mechanism  of  the  or- 
ganism, 1072. 

Thyroid  extract,  1139;  physiological 
action,  1139;  therapeutics,  1144;  un- 
toward effects,  1142. 

Thyro-parathyroid  secretion  as  the 
sensitizing  substance  of  all  cells, 
1087. 

Tic  douloureux,  1531. 

Tissue-cells,  granulations  of  leucocytes 

as   the   granules    (microsomes)  of, 

896. 

Tissue-cells,  leucocytic  ferments  as 
the  intracellular  ferments  of,  907. 

Tongue,  cancer  of,  1393. 

Toxic  glycosuria,  1597. 

Tracheobronchitis,  1692. 

Traumatic  glycosuria,  1597. 

Traumatic  tetanus,  1440. 

Trional,  1325;  poisoning,  1325. 

Tropical  diarrhoea,  1753. 

Trypsin,  active  principle  of  adrenoxi- 
dase  as  the  ferment  of,  857 ;  adre- 
noxidase  as  a  constituent  of,  851. 

Tuberculosis,  pulmonary,  1609. 

Typhoid  fever,  1758;  definition,  1758; 
pathogenesis  and  pathology,  1761; 
prophylaxis,  1768;  symptoms,  1758; 
treatment,  1764. 

Typhus,  abdominal,  1758. 

Ulcerative  colitis,  17.53. 
Uricsemia,  1500. 
Uterus,  cancer  of,  1396. 
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Vasodilation  and  its  relations  to  or- 
ganic function,  1115. 

Vasomotor  center,  excitation  of,  and 
surgical  ansesthesia,  1293. 

Veratrum  viride,  1342;  acute  poisoning, 
1344;  physiological  action,  1342;  ther- 
apeutics, 1346;  untoward  effects,  1344. 

Water  as  a  diuretic,  1387. 


Whooping-cough,  1716. 

Zinc  sulphate,  1378. 
Zona,  1534. 

Zymogen,  nucleo-proteid  and  adrenoxi- 
dase,  hydrolytic  ferments  as  com- 
pound bodies  containing  a,  878. 

Zymogen  of  "fibrinogen  proper,"  869. 


TEEATMENT  OF  POISONING. 


AS  INTERPRETED  FROM  THE  STANDPOINT  OF  THE  VIEWS 
ADVANCED  IN  THE  PRESENT  WORK. 


Acetanilid  (Antifebrine)  Poisoning   1291 

Due  to  excessive  constriction  of  the  arterioles.  Amyl 
nitrite  to  dilate  these  vessels,  with  oxygen  inhalations;  or,  in 
the  absence  of  this  gas,  deep  breathing,  to  offset  the  cyanosis. 
Nitroglycerin  to  sustain  the  effect.  Heat  to  the  surface.  Hot 
(110°  F.)  saline  solution  intravenously,  or  hypodermically  to 
dilute  the  blood,  facilitate  elimination  of  the  poison,  and  reduce 
the  irritating  action  on  the  sympathetic  center.  Strychnine  aids 
the  treatment  by  causing  general  vasoconstriction,  thus  forcing 
blood  through  arterioles,  and  also  by  enhancing  the  production 
of  adrenoxidase. 

Contraindicated:  Digitalis,  which  excites  the  sympathetic 
center ;  and  alcohol,  which  deoxidizes  the  blood. 

Acetanilid  (Antifebrine)  Chronic  Poisoning. 

Withdrawal  of  the  drug,  thyroid  extract  and  oxygen  inhala- 
tions or  deep  breathing.  Strychnine. 

Aconite  Poisoning    1347 

Due  to  excessive  dilation  of  arterioles,  with  tendency  to 
ischa}mia  of  the  heart  muscle  and  cardiac  arrest.  Morphine  to 
stimulate  the  sympathetic  center  and  contract  arterioles. 
Strychnine  and  digitalis  aid  by  counteracting  the  tendency  to 
general  vasodilation  and  cardiac  ischasmia.  Atropine  also  con- 
tracts arterioles,  but  less  actively  than  morphine.  Caffeine  less 
useful  than  either.    Ammonia  good  as  general  stimulant. 

Evacuation  of  stomach,  avoiding  depressing  emetics;  mus- 
tard best.  Eecumbent  position  to  prevent  cardiac  arrest. 
Warmth  to  surface. 

Contraindicated :  Amyl  nitrite  and  nitroglycerin,  which 
dilate  the  arterioles. 

2-65  (1825) 
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Adrenalin  Poisoning    1173 

Due  to  excessive  quantity  of  adrenoxidase  formed  in  the 
blood  and  the  resulting  h^'permetabolisni  in  the  muscular  coat 
of  arteries.  This  gives  rise  to  intense  engorgement  of  capil- 
laries, followed  by  hyperconstriction  of  all  arterioles  and  arrest 
of  the  central  (pituitary,  etc.)  and  cardiac  fimctions. 

Amyl  nitrite  inhalations,  to  keep  arterioles  dilated.  Hot 
(110°  F.)  saline  solution  intravenously  at  once,  to  dilate  the 
blood-vessels.  Xitroghjcerin  hj'podermically.  to  sustain  the  di- 
lation of  arterioles  by  depressing  the  sympathetic  center. 
Guaiacol  painted  over  area  3  or  4  inches  square  near  head,  aids 
by  depressing  reflexly  the  vasomotor  and  s^Tnpathetic  centers. 

Contraindicated:  Strychnine,  digitalis,  ether,  alcohol,  cof- 
fee, and  all  other  agents  which  tend  to  raise  the  arterial  tension. 

Alcohol  Poisoning'    1330 

Due  to  oxidation  of  alcohol  in  the  blood  at  the  expense  of 
its  adrenoxidase,  and  paresis  of  all  centers. 

If  recently  ingested,  evacuation  of  the  stomach  with  pump. 
Xo  depressing  emetics.  Aromatic  spirits  of  ammonia  to  counter- 
act the  viscidity  of  the  blood.  Hot  (110°  F.)  saline  solution 
subcutaneously  or,  better,  intravenously,  to  restore  free  osmosis. 
Then  hot  strong  coffee  orally  and  strychnine  in  full  doses  hvpo- 
dermically,  to  restore  the  normal  sensitiveness  of  the  centers. 
Aided  by  inhalations  of  ammonia  or  titillation  of  the  nasal 
mucosa  to  provoke  sneezing. 

After-treatment :  Digitalis  to  enhance  the  functional  de- 
pression of  the  cardio-vascular  system.  Thyroid  extract  in 
tonic  doses  (1  grain  t.i.d.)  if  the  depression  is  marked,  to  en- 
hance the  production  of  adrenoxidase. 

Alcohol  Poisoning,  Acute  (Delirium  Tremens). 

Conditions  the  opposite  of  above.  Excessive  liberation  of 
heat  energy  by  oxidation  of  alcohol  with  hyperconstriction  of 
arteries  and  intense  hypera?mia  of  the  cerebro-spinal  capillaries. 

Withdrawal  of  alcohol  imperative.  Chloral  hydrate  or  bro- 
mides to  depress  sensitiveness  of  vasomotor  center.  Then  hot 
(110°  F.)  saline  solution  subcutaneously  or.  better,  intraven- 
ously, to  facilitate  osmosis  of  blood  in  arteries  into  lymphatics. 

Contraindicated:  Morphine,  opium  and  digitalis,  all  of 
which  at  first  tend  to  increase  the  cerebral  congestion. 
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Ammonia  Poisoning. 

Local  lesions  the  main  source  of  danger.  Vinegar  or  lemon 
juice  to  neutralize  the  ammonia,  or  dilute  nitro-muriatic  acid 
in  water.  Demulcents  or  olive  oil  to  cover  and  protect  the 
cauterized  surfaces.  Bromides  to  offset,  by  depressing  the  vaso- 
motor center,  the  violent  hyperasmia  and  hyperi^sthesia  of  the 
pharynx  and  oesophagus  which  follow.  Tracheotomy,  if  there 
is  dyspnoea — a  sign  of  impending  asphyxia  by  laryngeal  oedema. 

Amyl  Nitrite  Poisoning    1352 

Due  to  depression  of  the  sympathetic  and  adreno-thyroid 
centers.  Atropine  is  the  physiological  antidote  of  amyl  nitrite: 
it  stimulates  both  the  depressed  centers.  Strychnine  may  be 
used  in  the  absence  of  atropine,  but  it  is  less  effective.  If  the 
case  resists  these  agents:  cocaine,  a  powerful  excitant  of  the 
adrenal  thyroid  center,  and  ether  inhalations,  to  stimulate  the 
vasomotor  center  and  drive  the  blood  into  the  arterioles  and 
capillary  system,  including  that  of  the  heart. 

Antimony  Poisoning   1379 

Due  to  paresis  of  the  main  centers  in  the  pituitary,  espe- 
cially the  sympathetic,  and  also  the  bulbar  vasomotor  center. 
General  vasodilation  with  tendency  to  heart  failure. 

If  the  poison  is  still  in  the  stomach,  no  depressant  emetic; 
mustard  in  tepid  water  best,  or  the  stomach-pump.  Tannic  acid 
in  solution  chemical  antidote  when  antimony  still  in  stomach; 
strong  tea  rich  in  tannic  acid,  and  tends  to  raise  the  blood-pres- 
sure. Morphine  in  full  doses  to  excite  the  sympathetic  center, 
and  arrest  the  cramps.  Atropine,  which  excites  the  adrenal  sys- 
tem and  the  sympathetic  center,  aids  the  morphine.  External 
h  eat. 

Contraindicated:  Amyl  nitrite,  nitroglycerin  and  other 
vascular  depressants. 

Antipyrin  Poisoning    1286 

Same  treatment  as  Acetaxilid  Poisoxixg. 

Arsenic  Poisoning,  Acute    1314 

Arsenic  being  the  physiological  antagonist- of  the  thyroid 
secretion,  acute  poisoning  is  due  to  paralysis  of  the  test-organ 
and  adrenal  system.    The  primary  local  effects  are  due  to  the 
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affinity  of  the  arsenic  for  oxygen,  and  the  corrosive  action  on 
the  alimentary  canal. 

Evacuate  tlie  stomach  at  once  with  mustard  or  zinc  sul- 
phate, aided  by  pharyngeal  titillation.  Chemical  antidote: 
Magma  of  tersulphate  of  iron  precipitated  by  magnesia.  Tinc- 
ture of  the  chloride  of  iron,  or  dialyzed  iron,  or  MonseU's  solu- 
tion may  be  substituted  in  emergency.  Then  demulcents,  milk 
or  white  of  egg,  or  olive  oil,  to  protect  the  mucosa,  followed  with 
purgative  dose  of  castor  oil,  to  increase  the  auto-antitoxin  in  the 
intestine.  Its  adrenoxidase,  by  oxidizing  the  arsenic,  annuls  its 
action,  while  the  increased  flux  rids  the  canal  of  the  remaining 
poison. 

To  coimteract  the  depression  of  the  adrenal  system  and  the 
tendency  to  collapse:  Strychnine  hypodennically  and  atropine, 
which  not  only  excites  the  test-organ,  but  also  the  sympathetic 
center.  In  urgent  cases  cocaine,  a  powerful  adrenal  stimulant, 
hypodermically,  largely  diluted.  Hot  (110°  F.)  saline  solution 
intravenously,  to  dilute  the  blood,  with  adrenalin,  8  minims 
(equal  to  V120  grain)  of  1  in  1000  solution,  in  not  less  than  2 
ounces  of  saline  solution.    External  heat. 

If  there  is  likelihood  that  arsenic  is  still  present  in  the  or- 
ganism, potassium  iodide  to  sustain  the  functional  activity  of 
the  adrenal  system  until  the  poison  is  all  oxidized  and  elim- 
inated. 

Contraindications:  ^Nitroglycerin,  chloral,  bromides  and 
all  other  vascular  depressants. 

Arsenic  Poisoning',  Chronic    1313 

Purgatives,  especially  calomel,  to  increase  proportion  of 
adrenoxidase  in  the  blood  and  the  intestinal  secretions,  followed 
by  a  course  of  sodium  iodide.  Copious  use  of  water  as  beverage 
to  facilitate  elimination. 

Atropine  Poisoning   1213 

The  earlier  effects:  excitement,  dilation  of  the  pupil,  the 
rash,  etc.,  are  due  to  the  increased  propulsive  power  of  the  arte- 
rioles, but  the  dangerous  phenomena  are  the  result  of  excessive 
constriction  of  these  vessels  and  the  resulting  arrest  of  circula- 
tion in  the  heart,  pituitary,  etc. 

Emetics,  preferably  apomorphine,  which  counteracts  the 
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action  of  the  poison  by  causing  general  vasodilation,  and  the 
stomach-pump,  if  need  be,  should  be  used  at  once  to  rid  the 
stomach  of  any  atropine  that  may  remain  therein.  A  solution 
of  tannic  acid,  the  chemical  antidote,  may  then  be  given,  fol- 
lowed by  a  purgative,  to  increase  the  proportion  of  auto-anti- 
toxin in  the  intestines  and  eliminate  what  poison  may  have  re- 
mained. During  this  stage  when  the  face  is  red,  suffused,  with 
unusually  strong  heart  impulse,  excitement,  etc.,  morphine  is 
curative  by  causing  constriction  of  the  arterioles  and  arresting 
the  violent  propulsive  action  caused  by  the  poison.  Later,  mor- 
phine is  liarmful. 

Contraindicated  during  the  stage  of  excitement:  Pilocar- 
pine, nitroglycerin,  strychnine,  digitalis — all  of  which  increase 
the  peripheral  and  cerebrorspinal  hyperaemia. 

When  depression  with  weak,  thready  or  irregular  pulse,  pal- 
lor, etc.,  come  on,  the  cardiac  arterioles  are  practically  closed 
and  must  be  relaxed :  pilocarpine,  in  full  doses,  is  curative  here 
by  depressing  the  sympathetic  center  and  causing  dilation  of  the 
arterioles.  Pending  its  action,  amyl  nitrite  inhalations  may  be 
used.  If  pilocarpine  is  not  on  hand,  nitroglycerin  injections 
will  serve.   External  heat. 

Contraindicated  during  this  stage:  ]\Iorphine,  antipyrin, 
acetanilid  and  other  arteriole  constrictors. 

Belladonna  Poisoning'    1213 

Same  treatment  as  Atropine  Poisoning. 

Bromides,  Poisoning  by    1341 

Same  treatment  as  Chloral  Poisoning. 

Cannabis  Indica  Poisoning. 

The  drug  acts  by  depressing  the  sympathetic  and  vasomotor 
centers.  At  first,  the  relaxed  arterioles  admit  an  excess  of  blood 
in  all  organs,  including  the  brain,  producing  exhilaration,  illu- 
sions, etc.,  but  as  the  large,  deeper  vessels  relax,  the  blood  re- 
cedes from  the  periphery,  including  the  cerebrospinal  system 
and  the  heart.  The  pulse  becomes  weak  and  irregular,  the 
heart-sounds  faint,  the  breathing  shallow  and  sighing,  the  mus- 
cles flaccid  and  weak  and  the  lips  and  nails  cyanotic.  Strych- 
nine in  full  doses,  by  raising  the  blood-pressure,  promptly  cor- 
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rects  this  condition;  atropine  does  likewise  and  increases  the 
propulsive  action  of  the  arterioles.  Then:  emetics,  preferably 
mustard  or  sulphate  of  zinc,  avoiding  apomorphine,  ipecac, 
tartar  emetic  and  other  depressants,  to  rid  the  stomach  of  any 
remaining  poison,  and  a  saline  purgative  to  clear  the  intestinal 
canal.    External  heat. 

Contraindicated:  Amyl  nitrite,  nitroglycerin,  antimonials, 
chloral  and  bromides. 

Carbolic  Acid  Poisoning. 

The  first  effect  is  essentially  local :  Burning  pain  in  the 
mouth,  oesophagus  and  stomach  in  most  cases,  and  nausea  or 
vomiting.  Sulphate  of  sodium,  and  sulphate  of  magnesium,  is 
a  chemical  antidote.  An  emetic  preferably  apomorphine  hypo- 
dermically,  which  tends  also  to  offset  the  secondary  and  fatal 
effect  of  excessive  constriction  of  the  arterioles.  Stomach-tube 
and  washing  out  of  stomach  with  sodium  or  magnesium  sulphate 
solution.  White-of-egg  or  milk  to  protect  the  alimentary  mu- 
cosa against  further  action  of  the  acid. 

The  general  effects  are  due  to  excessive  excitation  of  the 
sympathetic  center.  At  first  there  is  a  period  of  hyperpropul- 
siveness  of  the  arterioles  with  delirium  and  rapid  breath,  soon 
followed  by  collapse  due  to  hyperconstriction  of  the  arterioles, 
including  those  of  the  pituitary  and  heart.  Hence  the  sus- 
pended sensibility,  motility,  and  reflexes,  coma  and  death. 
Amyl  nitrite  inhalations,  to  dilate  the  arterioles,  followed  by 
atropine  hypodermically,  to  restore  their  propulsive  power  and 
the  vital  process  in  the  central  organs,  heart  and  lungs.  Hot 
(110°  F.)  saline  solution  intravenously,  to  dilute  the  blood  and 
reduce  the  renal  irritation  caused  by  the  elimination  of  the  acid. 

Carbonic  Acid  Gas  Poisoning  (Choke-damp  in  Mines,  Lime- 
kilns, Fermenting  Vats,  etc) . 

This  gas,  by  replacing  the  oxygen,  arrests  general  oxygena- 
tion; hence  the  early  relaxation  of  all  muscles,  drowsiness, 
dyspnoea  and  coma.  Artificial  respiration  of  fresh  air,  while 
adrenalin  in  hot  (110°  F.)  saline  solution  is  injected  intra- 
venously. Diphtheria  antitoxin,  owing  to  its  large  proportion 
of  adrenoxidase,  is  also  useful.  Strychnine  in  full  doses  hypo- 
dermically, to  raise  the  blood-pressure,  thus  increasing  the  pul- 
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monary  circulation  and  exposing  an  excess  of  blood  to  the  alve- 
olar air.    Oxygen  inhalations  hasten  recovery. 

Contraindicated:  All  vasomotor  depressants:  amyl  nitrite, 
nitroglycerin,  etc. 

Carbonic  Oxide  Poisoning  (Coal  or  Stove  Gas). 

Same  treatment  as  Carbonic  Acid  Gas  Poisoning. 

Caustic  Potash  or  Soda  (Lye)  Poisoning. 

Local  lesions  pre-eminent  at  first :  Corrosion  of  the  mouth, 
oesophagus  and  stomach,  vomiting  and  purging.  Olive  oil  to 
saponify  the  poison ;  and  vinegar  or  lemon  juice  to  neutralize  it. 

The  general  collapse  which  soon  follovs^s  is  due  to  reflex 
shock  through  the  sympathetic  center  and  hyperconstriction  of 
all  arterioles,  including  those  of  the  pituitary  body  and  heart: 
Amyl  nitrite  inhalations  to  dilate  the  arterioles;  atropine  hypo- 
dermically  to  restore  their  propulsive  activity.  When  the 
patient  is  perfectly  safe  as  to  life:  bromides  to  reduce  the 
blood-pressure  and  reduce  the  chances  of  glottic  oedema  if 
larynx  involved,  or  to  quiet  pain  by  reducing  the  hypersemia  in 
the  burned  area. 

Cheese  Poisoning, 

Same  treatment  as  Ptomain  Poisoning. 

Chloral  Hydrate  Poisoning   1331 

In  cases  due  to  "knock-out-drops"  used  by  thieves,  chloral 
being  especially  active  in  drunken  individuals  owing  to  the  de- 
oxidizing action  of  alcohol  on  the  blood.  Due  to  paresis  of  the 
adreno-thyroid  and  vasomotor  centers,  the  resulting  vasodila- 
tion and  reduced  oxygenation  producing  deep  sleep  which  lapses 
into  unconsciousness  and  death  from  heart  failure. 

Emetic,  especially  mustard  (avoiding  apomorphine,  tartar 
emetic  and  other  depressants)  and  washing  out  of  stomach. 
Strychnine  in  full  doses  hypodermically.  Strong,  warm  coffee 
introduced  in  the  stomach  with  the  tube  if  necessary,  and  by 
enema.  Adrenalin  in  large  quantity  of  saline  solution  injected 
hot  (110°  F.)  intravenously  to  supply  the  blood  with  adrenoxi- 
dase.   Digitalin  to  sustain  the  heart-action  during  convalescence. 

Contraindicated :  Nitroglycerin,  the  nitrites  and  all  vas- 
cular depressants. 
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Chloroform  Poisoning    1296 

Due  to  excessive  constriction  of  all  arteries  including  the 
cardiac  coronaries  and  those  of  the  pituitary  body,  the  result 
being  arrest  of  the  heart's  functions  and  respiratory  failure. 
Amyl  nitrite  inhalations  to  cause  dilation  of  the  arterioles  and, 
in  full  doses,  of  all  the  arteries.  Nitroglycerin  hypodermically 
to  sustain  the  elTect.  Hot  (110°  P.)  saline  solution  intra- 
venously to  dilute  the  blood  and  arrest  excitation  of  the  vaso- 
motor by  the  anjesthetic. 

Simultaneously  artificial  respiration  and  rhythmical  trac- 
tion of  the  tongue  (Laborde's  method)  eighteen  times  per  min- 
ute, which  reflexly  causes  the  pituitary  body  to  resume  its  ac- 
tive functions.  Ammonia  inhalations  aid  this  process.  Alter- 
nating heat  and  cold  applied  to  the  chest  tend  to  provoke  reflex 
respiration.  Eapid  compression  of  the  chest  about  one  hundred 
and  twenty  times  per  minute  (the  Konig-Maas  method)  acts 
similarly.  If  no  effect  produced,  bleeding,  some  large  vein 
preferably  of  the  neck  being  opened  to  j^roduce  general  vascular 
relaxation. 

Contraindicated :  Strychnine,  caffeine,  coffee,  digitalis  and 
all  other  agents  which  tend  to  increase  the  vascular  tension. 

Cocaine  Poisoning    1235 

Due  to  excessive  excitation  of  the  adrenal  center,  hyper- 
oxygenation  and  intense  vascular  tension  owing  to  hyper- 
metabolism in  the  muscular  coat  of  arteries  and  veins.  Amyl 
nitrite  inhalations  to  depress  the  sympathetic  center  and  cause 
dilation  of  arterioles  and  (if  its  use  is  prolonged),  relaxation  of 
all  arteries.  Hot  (110°  P.)  saline  solution  intravenously,  to 
counteract  the  action  of  the  poison  on  the  adrenal  center  by 
diluting  the  blood.  Chloral  hydrate  to  antagonize  directly  the 
action  of  the  poison,  through  its  depressing  action  on  the 
adrenal  center.  Potassium  hromide  aids  this  action  by  de- 
pressing the  vasomotor  center.  Morphine  is  sometimes  beneficial 
by  causing  constriction  of  the  arterioles,  thus  reducing  the  blood 
admitted  into  the  capillaries. 

Contraindicated:  Strychnine,  digitalis,  coffee,  and  all 
agents  which  enhance  the  vascular  tension. 


Creosote  Poisoning'   

Same  treatment  as  Carbolic  Acid  Poisoning. 
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Digitalis  Poisoning    1219 

Due  to  excessive  stimulation  of  the  sympathetic  center  and 
hyperconstriction  of  the  arterioles  of  the  pituitary  body  and 
heart.  The  cardiac  muscle  being  deprived  of  blood,  its  func- 
tions cease.  Amyl  nitrite  inhalations,  and  nitroglycerin  liypo- 
dermically  are  the  physiological  antidotes.  Intravenous  injec- 
tions of  hot  (110°  F.)  saline  solution  are  necessary  to  eliminate 
at  least  a  portion  of  the  poison  from  the  body-fluids.  If  the 
intoxication  is  due  to  the  ingestion  of  a  large  toxic  dose: 
emetics,  preferably  apomorphine,  or  the  stomach-pump,  to  rid 
the  stomach  of  any  remaining  poison,  and  a  saline  purgative  to 
provoke  intestinal  flushing. 

Ergot,  Acute  Poisoning    1385 

Occurs  as  the  result  of  efforts  to  produce  abortion  in  most 
cases.  Due  to  excessive  general  vascular  constriction  attended 
with  cramps,  vertigo,  marked  weakness,  small  and  weak  pulse 
(due  to  hyperconstriction  of  the  cardiac  coronaries).  Apomor- 
phine as  emetic;  amyl  nitrite  inhalations  and  nitroglycerin  hy- 
podermically.  Intravenous  injections  of  hot  (110°  F.)  saline 
solution  to  insure  elimination  of  the  poison  and  avoid  gangrene, 
followed  by  saline  aperient. 

Contraindicated :  Strychnine,  digitalis  and  other  vasocon- 
strictors. 

Erythrol  Tetranitrate  Poisoning. 

Same  treatment  as  Amyl  Nitrite  Poisoning. 

Ether  Poisoning    1301 

Due  to  excessive  constriction  of  all  arteries,  including 
those  which  supply  blood  to  the  pituitary  body,  and  the  cardiac 
coronaries,  the  lethal  trend  being,  therefore,  respiratory  failure 
and  cardiac  arrest. 

Amyl  nitrite  inhalations  in  full  doses  to  dilate  the  arte- 
rioles and  arteries,  thus  relieving  tension  and  restoring  the  cir- 
culation. Then,  atropine  hypodermically  to  stimulate  the  pro- 
pulsive action  of  the  arterioles  and  the  vigor  of  the  circulation 
through  the  capillaries,  thus  restoring  normal  functional  ac- 
tivity. Hot  (110°  F.)  saline  solution  intravenously  to  dilute 
the  blood  and  arrest  the  exciting  action  of  the  ether  on  the  vaso- 
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motor  center.  Artificial  respiration  to  remove  the  ether  from 
the  air-cells  as  soon  as  possible. 

Contraindicated:  Str3'chnine,  digitalis  and  other  vasocon- 
strictors. 

Hydrastis  Poisoning. 

Same  treatment  as  Ergot  Poisoning. 

Hydrocyanic  Acid  (Prussia  Acid)  Poisoning. 

Due  to  paralysis  of  the  sympathetic  and  vasomotor  centers, 
followed  by  immediate  recession  of  the  blood  from  the  brain, 
lungs,  and  periphery  to  the  deep  and  larger  vessels.  Hence  the 
preliminary  vertigo,  difficult  vision,  dyspnoea,  weak  pulse,  and 
cyanosis.  At  once:  morphine  to  excite  sympathetic  center  and 
ergot  to  excite  the  vasomotor  center,  both  hypodermically  and 
in  large  doses.  Ether  or  chloroform  inhalations  aid  markedly 
the  eifect  by  stimulating  powerfully  the  vasomotor  center. 
Empty  the  stomach  as  soon  as  possible,  avoiding  apomorphine, 
tartar  emetic,  ipecac  and  other  depressing  emetics.  Mustard 
best,  or  wash  out  the  stomach  with  warm  water.  Hot  (110°  E.) 
coffee  enemata.    Heat  to  the  surface. 

Contraindicated:  Amyl  nitrite,  nitroglycerin  and  other 
vasodilators. 

Iodine  Poisoning    1167 

Primary  effects  due  to  violent  irritation  of  the  pharynx, 
oesophagus  and  stomach.  A  small  dose  fails  to  elicit  graver 
symptoms.  White  of  egg  or  milh  in  large  doses,  followed  by 
an  emetic,  preferal)ly  apomorphine  hypodermically,  usually 
suffice  to  relieve  all  the  acute  phenomena. 

When  the  dose  is  large,  general  symptoms  also  supervene, 
due  to  excessive  vasoconstriction  with  tendency  to  cardiac  arrest 
through  hyperconstriction  of  the  arterioles.  Amyl  nitrite  in- 
halations and  nitroglycerin  should  be  added  to  the  measures 
indicated  above  and  hot  (110°  F.)  saline  solution  intravenous 
injections  should  be  given  to  hasten  elimination  of  the  poison 
and  prevent  further  excitation  of  the  centers  if  the  dose  ingested 
is  excessive. 

Contraindicated:  Strychnine,  morphine  and  other  vasocon- 
strictors. 
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Iodoform  Poisoning. 

tSame  treatment  as  Iodine  Poisoning. 

Lead  Poisonings,  Acute. 

Due,  when  the  pulse  is  hard  and  tense  and  the  blood-pres- 
sure high,  to  excitation  of  the  sympathetic  and  vasomotor  cen- 
ters. Amyl  nitrite  inhalations  with  nitroglycerin  or  erijthrol 
tetranitrate  hypodermically  to  dilate  the  arterioles  and  arteries. 
A  dose  of  Epsom  or  Glauber's  salts  should  follow  to  decompose 
the  lead  salt  and  form  an  insoluble  sulphate  readily  voided  by 
the  intestine.  Hot  (110°  F.)  saline  solution,  hypodermically  or 
intravenously,  counteracts  the  abnormal  viscidity  which  entails 
retention  of  the  lead  by  the  blood.  Eenal  irritation  is  also  pre- 
vented. 

Lead  Poisoning^,  Chronic. 

Due  to  paresis  of  the  vascular  centers  owing  to  prolonged 
and  excessive  stimulation  by  the  metal.  Potassium  iodide  in 
large  doses  to  stimulate  the  adrenal  system  and  increase  the  nu- 
trition of  the  vasomotor  and  sympathetic  centers,  and  facilitate 
elimination  by  forming  an  iodide  of  lead.  Frequent  use  of 
Glauber's  or  Epsom  salts  as  purgative. 

Lye  Poisoning. 

Same  treatment  as  Caustic  Potash  Poisoning. 

Mercury,  Poisoning  by   1155 

When  a  toxic  dose  of  the  bichloride  is  ingested,  the  first 
effects  are  due  to  corrosion  of  the  entire  digestive  tract.  White 
of  egg  to  form  an  albuminate,  or  milk.  Emetic,  preferably 
apomorphine  hypodermically,  or  ipecac,  followed  by  free  lavage 
with  a  stomach-pump,  using  a  solution  of  sodium  bicarbonate. 

The  general  symptoms  are  due  to  excessive  constriction  of 
the  arterioles  and  arteries,  with  tendency  to  arrest  the  functions 
of  the  pituitary  body  and  heart  by  depriving  them  of  blood. 
This  is  to  a  great  extent  counteracted  by  the  emetic,  provided 
apomorphine,  ipecac,  or  tartar  emetic  be  used,  since  they  pro- 
duce their  effect  by  causing  vascular  relaxation.  Amyl  nitrite 
inhalations  and  chloral  hydrate  or  veratrum  viride  to  sustain 
this  action.  Free  use  of  water  containing  sodium  bicarbonate 
(one  teaspoonful  to  the  pint)  to  facilitate  elimination  of  the 
poison  by  the  kidneys. 
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C ontraindicated :  Morphine,  strychnine  and  other  vasocon- 
strictors; saline  sohition,  the  sodium  chloride  of  the  latter  con- 
verting other  salts  into  bichloride  of  mercury. 

Morphine  Poisoning,  Acute   1278 

Due  to  excessive  stimulation  of  the  sympathetic  center  and 
hyperconstriction  of  all  arterioles,  including  those  of  the  pitui- 
tary body  and  heart.  These  organs  receiving  a  quantity  of 
blood  inadequate  to  sustain  their  functions,  the  oxygenizing 
properties  of  the  blood  and  its  circulation  are  inhibited. 

Speciiic  treatment:  At  once  stryclmine  hypodermically  in 
full  doses  to  excite  the  vasomotor  center,  cause  constriction  of  all 
arteries  and  forcibly  dilate  the  arterioles  with  blood  projected 
through  them ;  and,  simultaneously,  amyl  nitrite  to  depress  the 
sympathetic  center  and  aid  in  dilating  the  arterioles,  with  nitro- 
glycerin to  maintain  its  action.  As  soon  as  this  is  done — pro- 
vided there  is  reasonable  ground  to  believe  that  the  stomach  still 
contains  some  of  the  poison — permanganate  of  potassium  solu- 
tion by  the  mouth  to  convert  the  morphine  into  oxymorphine, 
followed  by  an  emetic,  preferably  mustard. 

C ontraindicated:  Apomorphine,  which  may  cause  death  by 
provoking  dilation  of  all  large  arteries,  thus  further  depleting 
the  pituitary  body  and  heart :  ipecac,  tartar  emetic,  and  all  de- 
pressing emetics. 

In  addition:  Strong  coffee,  at  104°  P.,  per  rectum  to  aid 
strychnine  in  stimulating  vasomotor  center,  and  liot  (110°  F.) 
saline  solution  intravenously  to  dilute  the  blood,  thus  subduing 
the  irritating  action  of  the  poison  on  the  sympathetic  center. 

If  grave  symptoms  persist,  bleeding  besides,  removing  at 
least  a  pint  of  venous  blood,  and  cocaine  hypodermically  to 
powerfully  stimulate  the  adreno-thyroid  center,  raise  the  blood- 
pressure  and  enforce  dilation  of  the  arterioles. 

Artificial  respiration  is  useful  to  sustain  oxygenation  while 
these  methods  are  being  carried  out;  physical  exercise,  by  sus- 
taining the  production  of  waste-products  by  the  tissue-cells, 
tends  to  raise  the  blood-pressure,  thus  aiding  the  strychnine. 
Catheterization  of  the  bladder  and  saline  purgatives  to  avoid  ab- 
sorption of  any  poison  that  may  be  contained  in  the  excretions. 

C ontraindicated :  Atropine,  which  tends,  in  severe  cases,  to 
further  constrict  the  arterioles. 
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Nicotine  Poisoning. 

Due  to  depression  of  the  sympathetic  and  vasomotor  cen- 
ters and  its  result:  general  dilation  of  the  arteries  and  arteri- 
oles, the  recession  of  the  blood  to  the  great  central  vessels  caus- 
ing nausea,  vomiting,  faintness,  marked  weakness,  rapid  and 
weak  pulse,  cold  sweats,  hypothermia  and  even  cyanosis.  Unless 
a  large  dose  has  been  taken  or  absorbed  from  tobacco  smoke,  the 
symptoms  usually  pass  oif  in  a  couple  of  hours.  Tincture  opii 
camphorata  to  stimulate  the  vascular  centers  and  restore  the 
general  arterial  tonus.  If  the  extremities  or  the  surface  remain 
cold:  in  addition  to  the  above,  atropine  hypodermically.  Heat 


to  the  surface. 

Nitroglycerin  Poisoning   1355 

Same  treatment  as  Amyl  Nitrite  Poisoning. 

Nitrous  Oxide  Poisoning   1306 


Due  to  interference  by  the  gas  with  the  oxygenation  of  the 
blood.  Artificial  respiration  of  pure  air  to  rid  the  alveoli  of  the 
gas,  and  oxygen  inhalations.  Atropine  hypodermically,  to  en- 
hance the  propulsive  activity  of  the  arterioles  and  promptly  re- 
new the  blood  in  all  capillaries,  including  those  of  the  lungs  and 
pituitary  body. 

Nux  Vomica  Poisoning. 

Same  treatment  as  Strychnine  Poisoning. 

Opium  Poisoning   1278 

Same  treatment  as  Morphine  Poisoning. 

Phosphorus  Poisoning    1251 

The  preliminary  symptoms  are  due  to  corrosion  of  the  ali- 
mentary tract  owing  to  the  intense  affinity  of  the  poison  for 
oxygen.  As  oxidation  of  phosphorus  renders  it  inert,  the  stom- 
ach should  promptly  be  washed  out  with  a  large  quantity  (at 
least  two  quarts)  of  a  1-per-cent.  solution  of  potassium  perman- 
ganate, with  apomorphine  hypodermically,  not  only  owing  to  its 
action  as  an  emetic,  but  because  emesis  is  attended  with  an  ac- 
cumulation in  the  stomach  of  serum  containing  adrenoxidase — 
also  a  powerful  oxidizing  agent.  Citrate  of  magnesia  provokes 
a  similar  effect  in  the  intestinal  tract  and  the  flushing  insures 
elimination  of  any  remaining  poison. 
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The  general  symptoms  being  due  to  oxidation  of  the  phos- 
phorus in  the  blood  by  the  adrenoxidase,  and  the  attending 
hjemolysis,  and,  indirectl}'^,  to  the  resulting  hyperconstriction  of 
all  arteries,  including  those  of  the  heart :  dilution  of  the  blood 
by  hot  (110°  F.)  saline  solution  intravenously  in  large  quan- 
tities, and  amyl  nitrite  inhalations  to  dilate  the  arterioles,  with 
nitroglycerin  hypodermieally  to  sustain  this  action,  or  sodium 
bromide. 

Contraindicated:  Stryclmine,  cocaine,  digitalis  and  other 
agents  which  tend  to  raise  the  blood-pressure. 

Paraldehyde  Poisoning    1324 

Same  treatment  as  Chlokal  Poisoxing. 

Prussic  Acid,  see  Hydrocyanic  Acid. 

Ptomain  Poisoning    1736 

Same  treatment  as  for  Cholkra  Morbus. 

Quinine  Poisoning    1343 

Occurs  as  a  rule  in  persons  whose  sympaxiietic  center  is 
hypersensitive  and  is  due  to  excitation  of  this  center  and  con- 
striction of  all  arterioles,  including  those  of  the  pituitarj'-  and 
heart.  Inhalations  of  amyl  nitrite  to  cause  dilation  of  the  arte- 
rioles by  depressing  the  sympathetic  center,  and  nitroglycerin 
to  sustain  the  effect.  If  the  morbid  condition  persists  hot 
(110°  F.)  saline  solution  intravenously  to  dilute  the  blood  and 
hasten  the  elimination  of  the  poison. 

Silver  Nitrate  Poisoning. 

The  lesions  are  local  at  first  and  give  rise  to  violent  ab- 
dominal pain,  owing  to  the  corrosive  action  of  the  poison  and 
the  widespread  gastro-enteritis  it  provokes.  A  solution  of  com- 
mon salt,  its  chemical  antidote,  should  be  given  in  large  quan- 
tities, and  be  at  once  withdrawn  with  the  stomach-tube,  or  by 
causing  emesis,  preferably  with  apomorphine.  The  general 
sjTnptoms,  which  are  due  to  excessive  constriction  of  all  arteries, 
including  those  of  the  heart,  are  in  a  measure  prevented  by  the 
latter.  To  sustain  this  action  nitroglycerin  hypodermieally,  or 
sodium  bromide  or  chloral  hydrate,  which  also  reduce  the  sensi- 
bility of  the  cauterized  mucous  membranes.    Hot  (110°  F.) 
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saline  solution  given  intravenously  not  only  acts  as  chemical 
antidote  in  the  blood,  but  by  diluting  the  latter,  prevents  the 
irritating  action  of  the  poison  on  the  vasomotor  center. 

Stramonium  Poisoning. 

Same  treatment  as  Atropine  Poisoning. 

Strophanthus  Poisoning    1224 

Same  treatment  as  Digitalis  Poisoning. 

Strychnine  Poisoning    1229 

Due  to  excessive  stimulation  of  the  adreno-thyroid  and  vaso- 
motor centers,  and  as  a  result:  hyperoxygenation  and  hyper- 
semia  of  the  cerebro-spinal  system  and  its  peripheral  nerve-end- 
ings. Apomorphine  to  cause  emesis  and  relaxation  of  the  arte- 
ries, and  simultaneously  amyl  nitrite  to  sustain  the  latter.  As 
soon  as  the  stomach  is  emptied  chloral  hydrate  in  large  doses  by 
the  mouth  and  per  rectum  to  depress  the  adreno-thyroid  center 
and  the  blood-pressure.  Potassium  bromide  may  also  be  used 
but  is  less  active.  To  dilute  the  blood  and  arrest  the  irritating 
action  of  the  poison  on  the  centers  hot  (110°  F.)  saline  solu- 
tion intravenously  or  hypodermically  in  large  quantities. 


Sulphonal  Poisoning   1325 

Same  treatment  as  Chloral  Poisoning. 

Tobacco  Poisoning. 

Same  treatment  as  Nicotine  Poisoning. 

Trional  Poisoning   1325 

Same  treatment  as  Chloral  Poisoning. 

Veratrum  Viride  Poisoning   1344 


Due  to  excessive  depression  of  the  vasomotor  center  and 
ischsemia  of  all  the  capillaries,  including  those  of  the  pituitary 
body  and  heart.  Strychnine  is  the  physiological  antagonist  of 
this  action  by  exciting  the  vasomotor  center.  Ergot  is  also  effi- 
cacious. 

If  the  stomach  is  thought  still  to  contain  some  of  the 
poison,  a  direct  emetic,  such  as  mustard,  should  alone  be  used, 
since  apomorphine  and  other  depressing  emetics  will  increase  the 
danger. 

Contraindicated:    Nitroglycerin  and  all  other  vasodilators. 
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DISEASES  IN  WHICH  THE   ADRENAL   SYSTEM   AND  THE  NERVE 
CENTERS  OF  THE  PITUITARY  BODY  PLAY  A 
LEADING  PART. 


In  addition  to  the  more  common  and  fatal  diseases  treated  in  full  in 
the  general  text,  there  are  others  in  which  the  internal  secretions  and  the 
centers  of  the  neural  lobe  of  the  pituitary  fulfill  an  important  role.  Sev- 
eral of  these,  in  fact,  the  pathogenesis  of  whicli  is  admittedly  unknown,  can 
only  be  accounted  for  through  the  functions  of  these  organs  as  interoreted 
in  the  present  volume.  Yellow  fever,  appendicitis,  rheumatism,  endocarditis, 
smallpox  and  other  exanthemata,  leprosy,  dengue,  chorea,  cirrhosis  and  yel- 
low atrophy  of  the  liver  and  other  familiar  diseases  are  shown  below  to 
belong  to  this  series,  while  influenza,  hysteria,  the  traumatic  neuroses,  neu- 
rasthenia and  others  prove  to  be  disorders  of  the  sympathetic  center  of  the 
posterior  pituitary  body. 


Acromegaly  186,  192,  1018 

Characterized  by  general  hyper- 
trophy, especially  of  the  bones.  Due 
to  hyperplasia  of  the  anterior  pitui- 
tary and  its  consequences:  persistent 
stimulation  of  the  adrenal  system 
and  supranormal  oxygenation.  This 
entails  overnutrition,  particularly  of 
the  hands,  feet,  etc.,  where  the  capil- 
laries are  exposed  to  the  relatively 
excessive  pressure  which  the  long  and 
overactive  arteries  of  which  they  con- 
stitute the  terminals,  impose  upon 
them. 

Treatment  of  this,  the  sthenic 
stage:  Arsenic  to  reduce  the  sensi- 
tiveness of  the  adreno-thyroid  and 
vasomotor  centers  and  relax  the  arte- 
ries, with  potassium  bromide  or  vera- 
trum  viride  on  retiring,  to  sustain  the 
effect.  Diet  devoid  of  red  meats,  cof- 
fee, tea,  i.e.,  of  foods  and  stimulants 
capable  of  exciting  the  anterior  pitui- 
tary and  of  promoting  a  high  vascu- 
lar tension.  Two  quarts  of  Vichy 
water  daily  or  an  equivalent  of  saline 
solution  to  maintain  free  osmosis  and 
elimination  of  wastes  which  tend  to 
excite  the  anterior  pituitary  and  its 
test-organ. 

When  the  morbid  changes  in  the 
anterior  pituitary  are  suflicient  to  in- 
hibit its  functions,  the  asthenic  stage. 


of  which  muscular  atrophy,  cardiac 
dilation,  and  general  adynamia  are 
the  most  prominent  symptoms,  point 
to  the  main  pathogenic  factor:  defi- 
cient functional  activity  of  the  adre- 
nal system. 

Treatment  here  involves  the  use  of 
agents  which  are  contraindieated  in 
the  sthenic  stage:  thyroid  extract  in 
small  doses,  to  replace  the  deficiency 
of  thyroidase,  and  adrenal  extract  to 
supplement  the  limited  amount  of 
adrenal  secretion  which  the  adrenals 
furnish,  and  thus  add  adrenoxidase 
to  the  blood.  Adrenalin,  very  largely 
diluted  in  warm  saline  solution  in- 
jected intravenously  twice  a  week  to 
add  further  to  the  blood's  adrenal 
active  principle,  the  dynamic  principle 
of  life. 

Actinomycosis    1168 

An  infectious  disease  communicated 
by  cattle  to  man,  due  to  the  ray- 
fungus,  a  yellowish  granule  1  to  2 
millimeters  in  diameter,  with  radiat- 
ing club-shaped  projections.  The  nod- 
ules containing  them  form  dense 
masses  which  break  down,  forming 
abscesses. 

Treatment:  The  ray- fungus  suc- 
cumbs readily  under  the  action  of 
the  blood's  auto-antitoxin  when  ade- 
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quately  sensitized;  hence  potassium 
iodide  in  large  doses  to  stimulate  the 
adrenal  system  and  increase  the 
blood's  auto-antitoxin  and  thyroidase 
(opsonin).  Thyroid  extract  simulta- 
neously, if  the  case  is  rebellious.  Free 
use  of  water  as  beverage  to  facilitate 
the  elimination  of  detritus.  Alcohol 
counteracts  the  beneficial  action  of 
these  agents  by  deoxidizing  the  blood. 

Acute  Anterior  Poliomyelitis. 

An  acute  febrile  disease  which  oc- 
curs in  children  towards  the  third 
year,  characterized  by  a  sudden  onset, 
"fever,  headache,  pains  in  the  back, 
limbs  and  joints,  delirium  and  some- 
times stupor  or  convulsions.  After  a 
couple  of  days  these  symptoms  sub- 
side and  paralysis  of  various  muscles 
in  one  or  more  limbs  appears  sud- 
denly, the  muscles  involved  wasting 
rapidly  though  sensation  and  sphinc- 
ter action  remain  normal.  It  is  prob- 
ably an  infection,  the  brunt  of  which 
occurs  in  the  gray  substance  of  the 
anterior  horn,  usually  localized  in  the 
cervical  or  lumbar  enlargement,  in 
which  the  inflammatory  process,  at 
first  a  marked  intrinsic  congestion  of 
all  nervous  elements,  including  the 
ganglion  cells,  tends  to  atrophy  and 
finally  to  become  sclerosed. 

Treatment:  The  fever  having  for 
its  purpose  to  destroy  the  pathogenic 
cause,  the  chances  of  paralysis  are 
increased  when  the  febrile  process  is 
antagonized.  To  increase  its  efficiency 
calomel  in  small  frequently  repeated 
doses  until  the  stools  become  greenish, 
followed  by  a  dose  of  castor  oil.  To 
prevent  development  of  paralysis 
warm  (106°  F. )  saline  solution  ene- 
mata  and  if  possible  subcutaneous 
injections  (to  increase  the  fluidity  of 
the  blood  and  insure  the  free  circu- 
lation of  the  auto-antitoxin-laden 
plasma  in  the  spinal  neuroglia,  its 
cells,  and  the  exposed  ganglion  cells). 

During  the  first  month,  and  to  a 
certain  extent  during  the  first  few 
months,  there  is  a  tendency  to  spon- 
taneous resolution :  continuation  of 
saline  solution  for  the  same  p\irposes 
as  above,  and  atropine  or  tincture  of 
belladonna,  alternating  with  strych- 
nine, to  increase  the  propulsive  activ- 
ity of  the  arterioles,  including  those 
of  the  cord,  nerves  and  muscles  ex- 
posed to  degeneration.  Massage — in- 
variably rubbing  centripetally  to  en- 
hance the  nervous  circulation — simul- 


taneously; faradism  of  the  exposed 
muscle  and  out-of-door  life  are  im- 
portant adjuvants. 

Acute  Ascending  Paralysis  (Landry's 
Paralysis). 

Characterized  by  rapidly  progress- 
ing paralysis  beginning  \\\t\\  the  lower 
extremities  and  extending  upward 
(sparing  sensibility,  and  the  func- 
tions of  the  bladder  and  rectvnn)  and 
finally  involving  the  organs  of  respira- 
tion and  circulation,  heart,  etc.  It 
proves  fatal  in  most  instances  in  from 
a  few  days  to  a  month,  but  recoveries 
have  occurred. 

Due  to  paresis  of  the  sympathetic 
center  (probably  from  shock,  concus- 
sion, etc. )  as  shown  by  the  tingling 
of  the  extremities,  absence  of  muscu- 
lar wasting,  hypertEsthesia,  muscular 
tenderness,  sweating,  oedema  and  sple- 
nic enlargement, — all  the  result  of  an 
excessive  influx  of  blood  through  the 
dilated  arterioles. 

Treatment:  Bin  iodide  of  mercury 
solution  intravenously  to  stimulate 
powerfully  and  at  once  the  adrenal 
system  and  increase  the  nutrition  of 
the  exposed  sympathetic  system. 
After  a  few  days,  atropine  subcuta- 
neously,  in  addition,  to  stimulate  the 
sympathetic  center  and  increase  the 
propulsive  activity  of  the  arterioles, 
thus  sustaining  the  nutrition  of  the 
muscles.  Morphine  with  the  atropine 
if  the  hypersesthesia  is  increased,  to 
reduce  the  caliber  of  the  arterioles. 
Sodium  salicylate  —  which  has  the 
properties  of  atropine  and  morphine, 
though  less  active — may  be  used  to 
alternate  with  these  agents.  Free  use 
of  Vichy  water  to  preserve  the  osmotic 
properties  of  the  blood  circulating  in 
the  exposed  nervous  elements. 

Acute  Delirium  (Bell's  Mania). 

Characterized  by  violent  delirium 
with  fever,  incessant  incoherent  talk- 
ing, halhicinations,  ceaseless  activity, 
jactieation  and  incessant  tendency  to 
violence. 

Due  to  auto-intoxication  and  ex- 
cessive excitation,  by  the  toxics,  of  the 
vasomotor  center  and  its  normal  re- 
sult: intense  constriction  of  all  arter- 
ies followed  by  congestion  of  all  or- 
gans, including  the  cerebral  cortex, 
engorgement  of  all  veins,  lymph 
spaces,  etc.,  the  acute  delirium  being 
due  mainly  to  the  cortical  hyperaemia. 
Has  generally  proved  fatal. 
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Treatment:  At  once:  Croton  oil 
to  clear  the  intestine  of  imperfectly 
digested  materials.  Bleeding,  im- 
mediately followed  by  intravenous  in- 
jections of  hot  (110°  ¥.)  saline  solu- 
tion to  dilute  the  blood,  arrest  the 
irritation  of  the  vasomotor  center, 
and  facilitate  elimination  of  the  toxic 
wastes.  As  temporary  jneasure:  po- 
tassium bromide  and  chloral  hydrate 
to  depress  the  vasomotor  center  and 
deplete  the  cerebro-spinal  of  the  ex- 
cess of  blood  it  contains,  and,  if  inade- 
quate to  arrest  the  delirium,  autipijrin 
besides,  to  reduce  the  caliber  of  the 
arterioles  and  the  volume  of  blood 
admitted  into  the  brain.  Milk  diet 
with  addition  of  common  salt  to  limit 
the  wastes  formed  and  facilitate  the 
elimination  of  those  that  are  formed. 

Co n f ra indicated. — M orphine,  the 
preliminary  efl'ect  of  which  is  to  in- 
crease the  cerebral  hyperaemia ;  chloro- 
form, which  acts  by  raising  the  blood- 
pressure;  ergot,  which  does  likewise; 
cold-baths,  which  increase  the  toxic 
wastes;  a  generous  diet,  which  does 
likewise. 

Treatment  subsequent  to  the  acute 
attack :  that  indicated  for  epilepsy, 
and  frequent  saline  purgation. 

Acute  Yellow  Atrophy  of  the  Liver. 

A  rare  disease  characterized  by 
rapid  destruction  of  the  liver,  vi'hich 
is  found  yellow  and  shrunken  post- 
mortem. Besides  headache,  gastric 
disturbances,  colic,  drowsiness  and 
other  commonplace  symptoms,  there  is 
marked  jaundice,  a  tendency  to 
haemorrhage:  epistaxis,  haematuria, 
haematemesis,  etc.,  a  very  high  specific 
gravity  of  the  urine  (which  contains 
leuein  spheres  and  tyrosin  needles) 
and  moderate  fever,  followed  by  rapid 
diminution  of  the  liver  dullness.  Has 
generally  proved  fatal. 

Due  to  autolysis,  principally  of  the 
liver  ana  arteries,  owing  to  the 
presence  of  a  marked  excess  of  auto- 
antitoxin  and  thyroidase  (opsonin)  in 
the  blood,  and  caused  by  toxics  such 
as  alcohol,  a  great  excess  of  wastes, 
as  during  pregnancy  (the  foetal  plus 
maternal  wastes),  of  the  toxins  and 
endotoxins,  of  infectious  diseases,  etc., 
which  violently  excite  the  test-organ, 
and  through  it  the  adreno-thyroid 
center. 

Treatment:  As  the  febrile  process 
is  not  marked  (rarely  above  102°  F. ), 
the  haemolysis  is  mainly  due  to  the 


presence  of  an  excess  of  thyroidase 
(opsonin)  and  to  supranormal  sensi- 
tization of  the  liver  and  endothelial 
lining  of  the  arteries,  the  latter  being 
the  cause  of  the  hiemorrhages.  Hence 
arsenic  to  counteract  the  excessive 
activity  of  the  thyroid  apparatus  and 
saline  solution  intravenously  to  dilute 
the  blood  as  rapidly  as  possible,  and 
facilitate  the  elimination  of  the  patho- 
genic poisons.  jS'«Z/«e  purgatives  to 
prevent  auto-intoxication  of  intestinal 
origin  and  milk  diet  during  the  acute 
stage. 

Addison's  Disease  77,  1017 

Characterized  by  pigmentation  of 
the  skin  from  yellow  to  dark-brown 
or  "bronze"  or  a  glossy  black,  emacia- 
tion, asthenia,  hypothermia,  deficient 
urea  excretion,  dyspnoea,  and  more  or 
less  gastro-intestinal  disorder. 

Due  to  a  sufficiently  advanced 
functional  or  organic  disorder  (espe- 
cially tuberculosis  and  cancer)  of  the 
adrenals  or  its  nerve-paths  in  the 
semilunar  ganglia,  the  splanchnic, 
the  upper  dorsal  sympathetic  gan- 
glia, the  upper  cord,  bulb,  tegmen- 
tum, tuber  cinereum  or  pituitary 
body,  to  reduce  to  a  very  marked  de- 
gree the  adrenal  secretion  produced, 
and  therefore  the  adrenoxidase  sup- 
plied to  all  tissues.  Hence  the  fore- 
going symptoms,  which  are  all  the 
result  of  hypometaboli.sm. 

Treatment:  The  only  remedy  of 
value  is  adrenalin  (10  minims  of  a 
1  in  1000  solution  in  a  glassful  of 
water  three  times  daily)  orally  to 
supply  the  blood  with  the  adrenal 
principle  it  lacks  to  carry  on  its  func- 
tions. As  toxic  wastes  are  inade- 
quately catabolized,  saline  solution 
should  be  given  intravenously  three 
times  weekly,  adding  adrenalin  to  the 
solution  in  increasing  doses.  Adre- 
nalin extract  might  also  serve  a  use- 
ful purpose  as  an  additional  source 
of  adrenal  principle.  Cure  is  hardly 
to  be  expected,  the  purpose  being  to 
carry  on  artificially  the  functions  of 
the  adrenals  as  long  as  possible. 
Rest  to  avoid  the  excess  of  toxic 
wastes  which  physical  exertion  pro- 
vokes ;  foods  poor  in  nucleins  for  the 
same  reason. 

Contraindicated:  Thyroid  extract, 
which  serves  only  to  excite  the  dis- 
eased structures;  arsenic,  which  fur- 
ther depresses  the  already  deficient 
adrenal  functions;   alcohol,  which  de- 
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prives  the  blood  of  some  of  its  oxy- 
gen, and  stimulants  in  general  wliich 
hasten  the  morbid  process. 

Adiposis    Dolorosa    (Dercum's  Dis- 
ease). 

Characterized  by  the  presence  of 
roughly  symmetrical  masses  of  sub- 
cutaneous fat  in  the  limbs  and  trunk 
of  middle-aged  women,  which  masses 
are  the  seat  of  pain  and  disorders  of 
sensation.  Due  to  inadequate  func- 
tional activity  of  the  adrenal  system 
and  the  resulting  hypocatabolism  of 
carbohydrates,  the  pain  and  pares- 
thesia being  the  result  of  traction 
and  pressure  upon  the  sensory  nerves 
of  the  adipose  masses. 

Treatment:  Thyroid  extract  to  en- 
hance catabolism,  supplemented  at 
intervals  by  a  course  of  mercurials 
to  actively  stimulate  the  test-organ 
and  through  it  the  adrenal  system. 
Saline  solution,  subcutaneously  or  in- 
travenously or  the  free  use  of  alka- 
line mineral  waters  to  facilitate  the 
elimination  of  catabolic  wastes. 

Alcoholism,  Chronic.  1231,  1240,  1258 
A  debilitated  condition  of  the  ad- 
renal system  caused  by  the  immod- 
erate use  of  alcohol  as  a  beverage. 
It  may  either  be  inherited  from  alco- 
holic parents,  when  it  is  termed  dip- 
somania, or  acquired.  Hence  the 
predisposition  of  the  offspring  of  al- 
coholics to  disorders  of  nutrition, 
gout,  rheumatism,  etc.,  and  their  vn\- 
nerability  to  infections;  hence  also 
the  fatality  of  infectious  diseases 
among  all  victims  of  chronic  alcohol- 
ism: their  adrenal  system  being  de- 
praved, the  auto-antitoxin  and  thy- 
roidase  ( opsonin )  it  is  able  to  pro- 
duce is  inadequate  to  protect  them. 

Due  to  the  continuous  oxidation  of 
alcohol  in  the  blood  at  the  expense 
of  its  adrenoxidase,  and  deficient  nu- 
trition of  all  organs,  inchiding  those 
of  the  adrenal  system:  both  lobes  of 
the  pituitary  body  and  their  centers, 
the  thyroid  apparatus  and  the  ad- 
renals. The  c^a^•ing  for  drink  is. 
aside  from  the  gratification  of  the 
sense  of  taste,  the  expression  of  a 
physiological  need  of  some  agent  ca- 
pable of  counteracting  the  morbid 
effects  of  metabolism  of  the  inefficient 
adrenal  system. 

Treatment:  The  use  of  active  stim- 
\ilants  of  the  test-organ  to  restore 
through  it  the  functional  activity  of 


the  adrenal  system,  avoiding,  however, 
agents  of  this  class  which  expose  the 
patient  to  a  drug  habit.  Thyroid  ex- 
tract in  small  doses  to  stimulate  the 
adrenal  system  and  sensitize  all  or- 
gans, particularly  the  great  nerve- 
centers.  After  two  weeks  mercury 
bin  iodide  in  addition  to  act  directly 
I  upon  the  test-organ  and  through  it 
j  further  excite  the  adrenal  system, 
watching  carefully  for  any  evidence 
of  salivation,  when  the  dose  should 
be  reduced  slightly.  A  month  usu- 
ally suflBces  to  produce  considerable 
benefit,  provided  the  abstention  from 
alcohol'  be  absolute,  since  it  counter- 
acts the  beneficial  effects  by  deoxi- 
dizing the  blood.  At  this  time  the 
blood  is  rich  in  auto-antitoxin  and 
the  vessel  walls  have  resumed  their 
normal  tone.  The  mercury  is  now 
replaced  by  atropine  (Vi»  grain 
t.i.d. )  to  enhance  the  propulsive  ac- 
tivity of  the  arterioles  and  thus  in- 
crease general  nutrition  —  inhibition 
of  which  had  previously  inspired  the 
craving. 

To  prevent  recurrence,  the  above 
treatment  should  be  followed  by  the 
continuous  use — one  or  two  years — 
of  strychnine  or  gold  chloride,  an- 
other active  stimulant,  with  nutri- 
tious food,  including  coffee  to  sus- 
tain the  activity  of  the  test-organ 
and  vasomotor  center  until  all  or- 
gans, including  those  of  the  adrenal 
system,  have,  through  active  intra- 
cellular metabolism  and  the  resulting 
nutrition,  resumed  their  normal  tone 
and  resistance. 

Contraindicated :  Cocaine,  owing  to 
the  danger  of  initiating  cocainism: 
morphine,  which  constricts  the  arte- 
rioles and  inhibits  nutrition;  all 
hypnotics,  chloral,  bromides,  trional, 
sulphonal,  etc.,  which  act  similarly 
by  depressing  the  vasomotor  center, 
and  in  large  doses,  the  adrenal  sys- 
tem besides. 

If  when  the  alcohol  is  withdra^ra 
there  is  excitement  and  insomnia 
hydrohrortiate  of  hyoscin,  which  de- 
presses but  slightly  the  blood  and 
constricts  the  arterioles,  thus  reduc- 
ing the  blood  admitted  into  the 
cerebro-spinal  system  (as  well  as  in 
other  organs),  may  be  used,  but  only 
as  long  as  absolutely  required. 

Amblyopia,  Alcoholic   1231 

Amnesia    1258 
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Amyloid  liver  (Waxy  Liver). 

A  condition  in  which  a  substance 
resembling  starch,  lard  or  wax  is 
found  more  or  less  disseminated 
throughout  the  liver,  characterized 
during  life  by  enlargement  of  this 
organ,  which  under  palpation  is  hard, 
smooth  and  painless.  It  is  often  as- 
sociated with  amyloid  spleen  and  kid- 
ney, and  is  not  accompanied  by  jaun- 
dice or  ascites,  except  in  far  advanced 
cases. 

Due  to  the  accumulation  in  the 
liver  of  cellular,  especially  leucocytic, 
detritus,  glycogen  and  other  carbohy- 
drates, etc.,  owing  to  two  main  mor- 
bid factors :  ( 1 )  a  deficiency  of 
auto-antitoxin  in  the  blood  to  break 
down  detritus  and  convert  it  into 
eliminable  products,  the  result  in 
turn  of  the  functional  inefficiency  of 
the  adrenal  system  to  which  the 
causative  diseases  (and  sources  of 
detritus)  such  as  rickets,  tuberculo- 
sis, sj'philis,  etc.,  are  primarily  due ; 
(2)  a  sufficiently  great  deficiency  of 
mineral  salts  in  the  blood  and  lymph 
to  interfere  with  the  osmotic  proper- 
ties of  these  fluids  and  prevent  free 
drainage  of  such  organs  as  the  liver, 
spleen,  the  lymphatics,  etc.,  in  which 
large  accumulations  of  cells  and  de- 
tritus occur. 

Treatment:  Before  any  drug  is 
used:  pure,  lojsterilized  sea-water, 
beginning  with  tablespoonful  doses 
t.i.d.  and  increasing  gradually  until, 
if  possible,  one-half  tumblerful  is 
taken  or  equivalent  saline  beverages. 
In  addition,  a  quart  of  hot  (110°  F.) 
saline  solution  per  rectum  three  times 
a  week  on  retiring.  Subcutaneous  or 
intravenous  injections  of  alkaline  so- 
lutions are  not  indicated  at  first 
owing  to  the  obstruction  of  the  hepa- 
tic vessels,  but  may  be  used  when  the 
liver  begins  to  recede.  After  two  or 
three  weeks  of  the  above  treatment, 
thyroid  extract  to  stimulate  the  ad- 
renal system  and  increase  the  propor- 
tion of  auto-antitoxin  and  thyroidase 
(opsonin)  in  the  blood  to  break  down 
the  detritus  which  may  now  be 
reached  adequately  owing  to  the  im- 
proved osmotic  properties  of  all  body 
fluids.  The  iodides,  if  thyroid  extract 
is  not  available,  or  biniodides  of  mer- 
cury intravenously. 

The  diet  should  include  vegetables 
to  increase  the  body's  asset  in  alka- 
line salts. 


Amyloid  Spleen  or  Kidney. 

Due  to  conditions  similar  to  those 
that  prevail  in  amyloid  liver  and  sub- 
ject to  a  similar  line  of  treatment, 
avoiding,  however,  the  subcutaneous 
and  intravenous  use  of  saline  solution 
if  there  is  any  reason  to  believe  that 
the  kidney  is  obstructed  to  any 
marked  degree. 

Anaemia,  treated  in  full   1771 

Anaemia,  Pernicious,  treated  in 

full    1778 

Anaemia,  Splenic. 

Characterized  by  symptoms  of 
marked  anaemia,  with  a  yellowish 
tinge  of  the  skin  and  mucous  mem- 
bi"anes,  emaciation,  weakness,  dysp- 
noea, palpitations,,  fever,  a  tendency 
to  haemorrhages,  oedema  in  advanced 
cases,  and  mental  torpor,  with  the 
physical  signs  of  enlarged  spleen. 
Due  to  overactivity  of  the  spleen  and 
the  production  of  an  excessive  amount 
of  its  internal  secretion  (nucleo-pro- 
teid ) ,  which  combines  with  the  pan- 
creatic internal  secretion  in  the 
splenic  vein.  The  excess  of  phos- 
phorus-laden nucleo-proteid,  by  com- 
bining with  the  adrenoxidase  of  the 
blood,  enhances  the  proteolytic  activ- 
ity of  the  latter  excessively  and  haem- 
olysis occurs,  as  in  pernicious  anaemia, 
the  red  corpuscles  being  sometimes  re- 
duced to  1,000,000. 

Treatment:  Same  as  in  pernicious 
anfemia  ( q.v. )  with  intravenous  injec- 
tions of  warm  saline  solution  to  in- 
crease the  fluidity  and  osmotic  prop- 
erties of  the  blood  as  soon  as  possible, 
followed  by  the  free  use  of  water. 

Angina  Pectoris,  treated  in  full.  1565 

Angioneurotic  (Edema. 

Cliaracterized  by  the  sudden  ap- 
pearance around  the  eyes,  on  the  face, 
hands  or  other  regions,  of  soft 
oedematous  swellings  which  some- 
times are  the  seat  of  redness,  heat 
and  itching.  When  the  larynx  is  thus 
aff'ected,  death  may  occur  from 
oedema  of  the  glottis.  Due  to  sud- 
den dilation  of  the  arterioles  of  the 
affected  areas,  owing  to  a  temporary 
paresis  of  the  corresponding  neurons 
in  the  sympathetic  center. 

Treatment:  Antipyrin  or  acetani- 
lid  to  arrest  the  attack  by  exciting 
the  sympathetic  center,  or  morphine 
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hypodermically  in  urgent  cases. 
atrychnine  to  increase  tlie  functional 
activity  of  the  adrenal  center  and 
increase  general  nutrition,  including 
that  of  the  debilitated  neurons. 

Anorexia  Nervosa. 

Characterized  by  loss  of  appetite 
and  an  extreme  aversion  for  food, 
adynamia,  dyspnoea,  vertigo  and  occa- 
sionally vomiting.  Sometimes  proves 
fatal  through  inanition. 

Due  to  functional  torpor  of  the 
adrenal  system  followed  by  imperfect 
nutrition  of  the  body  at  large,  includ- 
ing the  pituitary  body  and  its  centers, 
and  the  vasomotor  center.  All  ves- 
sels being  dilated,  the  blood  recedes 
from  the  capillaries,  including  those 
of  the  gastric  mucosa,  and  appetite 
is  not  awakened  by  the  latter,  just  as 
dyspnoea  is  caused  by  the  deficiency 
of  blood  which  circulates  in  the  al- 
veolar capillaries,  the  vertigo  by  the 
cerebral  ischaemia,  etc. 

Treatment:  Strychnine  hypoder- 
mically to  excite  the  test-organ  and 
through  it  the  adrenal  system,  fol- 
lowed, after  two  or  three  days,  by 
atropine  hypodermically  to  enhance 
the  propulsive  activity  of  the  arte- 
rioles, including  those  of  the  stom- 
ach. Forced  feeding  with  the  stom- 
ach tube  or  per  rectum. 

Anosmia   169 

Absence  of  the  sense  of  smell,  due 
to  imperfect  lubrication,  catarrhal 
inflammation,  or  isehfemia,  of  the 
olfactory  area,  the  nervous  elements 
in  the  latter  case  being  insufficiently 
supplied  with  blood  to  take  cogniz- 
ance of  olfactory  impressions.  The 
central  transmission  of  the  latter 
may  also  be  due  to  any  lesion  of  the 
olfactory  tract. 

Treatment  of  the  causative  disor- 
der. All  cases  that  are  not  due  to 
a  destructive  lesion  are  benefited  by 
strychnine,  which  increases  metabolic 
activity  and  raises  the  blood-pressure 
in  the  olfactory  area  as  elsewhere, 
and  the  frequent  use  of  a  coarse, 
lukewarm  spray  of  saline  solution  in 
the  nasal  cavities  to  lubricate  them. 

Anthrax. 

An  infectious  disease  transmitted 
to  man  by  the  flesh,  fluids,  and  hair 
or  wool  of  infected  animals,  espe- 
cially cattle  and  sheep.  The  anthrax 
bacillus,  which  may  be  ingested  or 


inhaled  from  contaminated  animals, 
or  infect  an  abraded  surface,  multi- 
plies rapidly  in  the  body  fluids.  In 
internal  anthrax,  the  toxin  (anthra- 
cin )  provokes  a  more  or  less  violent 
defensive  reaction  of  the  adrenal  sys- 
tem, including  high  fever;  but,  in 
malignant  cases,  the  centers  are  soon 
paralyzed  by  the  poison,  the  sympa- 
thetic center  being  the  first  to  yield. 
The  arterioles  being  relaxed,  cutane- 
ous hyperaemia,  oedema  {malignant 
anthrax  trdema)  and  even  gangrene 
may  occur.  Infection  through  the 
alimentary  canal  {intestinal  an- 
tlirax)  is  ushered  in  by  nausea,  vom- 
iting, abdominal  pain  and  bloody 
diarrhoea,  in  addition  to  the  febrile 
nnanifestation.  Infection  through  the 
lungs  (wool-sorter's  disease)  adds  an 
acute  bronchitis  to  the  symptoms  of 
general  infection,  death  ensuing  very 
rapidly. 

In  the  form  most  frequently  met 
with :  inoculation  through  an  abra- 
sion fi'om  infected  rags,  wool  or  hides 
{malignant  pustule),  there  is  at  first 
a  local  burning  pain  and  itching;  a 
red  papule  appears  which  soon  be- 
comes a  vesicle  containing  bloody 
serum.  This  papule  ruptures  and 
forms  a  dark  scab  surrounded  by 
miliary  vesicles  and  oedema.  This 
constitutes  the  form  of  general  infec- 
tion. 

Treatment :  Excision  of  the  pus- 
tule, or  at  least  vigorous  cauteriza- 
tion after  opening  it  freely,  is  nec- 
essary. Chloroform  anaesthesia  can 
only  prove  beneficial  by  causing  a 
high  vascular  pressure,  crowding 
blood  into  the  diseased  area  and  pro- 
moting haemorrhage  therefrom.  It 
should  be  employed,  therefore,  to  do 
the  surgical  work  thoroughly. 

To  offset  the  toxaemia  in  both  ex- 
ternal and  internal  anthrax,  binio- 
dide  of  mercury  intravenously  to  in- 
crease the  blood's  auto-antitoxin  at 
once,  with  thyroid  extract  to  increase 
its  thyroidase  (opsonin).  Or,  calo- 
mel in  small  doses  frequently  re- 
peated until  the  stools  become  green- 
ish, and  quinine  in  full  doses,  to  drive 
auto-antitoxin-laden  blood  into  the 
peripheral  capillaries  or  those  of  the 
internal  organs  affected — in  order  to 
promote  active  phagocytosis  and  bac- 
teriolysis therein,  the  patient's  only 
salvation. 

Apoplexy.    See  Cerebral  Haemorrhage. 
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Appendicitis   1377 

An  intlammation  of  the  veiniiform 
appendix  which  may  be  catarrhal  or 
ulcerative,  and  entail,  in  tlie  latter 
ease,  gangrene  or  perforation  of  the 
organ,  with  infection  of  the  perito- 
neum. 

Dvie  to  any  condition  which  lowers 
the  secretory  efficiency  of  the  lym- 
phoid follicles  of  the  appendix,  or 
which,  to  any  marked  degree,  inhibits 
the  bacteriolytic  activity  of  the  auto- 
antitoxin  their  secretion  contains. 
Concretions,  foreign  bodies,  intestinal 
entozoa,  etc.,  are  predisposing  factors, 
but  the  most  important  agencies  of 
this  kind  are:  ( 1 )  General  adynamia, 
neurasthenia,  debilitating  agencies 
such  as  fatigue,  influenza,  etc.,  which 
involve  depression  of  the  functional 
activity  of  the  adrenal  system;  (2) 
blows  or  contusions  in  the  appendicu- 
lar region,  which  lower  the  vitality 
of  all  its  cellular  elements,  and — 
probably  the  most  frequent  exciting 
cause  of  acute  attacks — (3)  more  or 
less  sudden  chilling  of  the  abdomen, 
especially  when  it  is  warm  and  moist, 
in  the  appendicular  area,  the  lowered 
temperature  to  which  the  bacterio- 
lytic constituent  of  the  appendical 
auto-antitoxin  (the  ferment  trypsin) 
is  exposed,  inhibiting  its  activity,  and 
thus  giving  free  sway  to  the  micro- 
organisms the  organ  contains,  viz.,  the 
ubiquitous  bacillus  coli  communis,  the 
streptococcus  pyogenes,  the  staphylo- 
coccus pyogenes  aureus,  the  proteus 
vulgaris,  etc.,  and  any  specific  germ 
that  may  be  present. 

Treatment:  Whether  medical  or 
siirgical,  this  must  be  based  upon 
the  fact  that  the  vermiform  appendix 
is  not,  as  now  taiight  in  text-books, 
a  functionless  structure  of  low  vital- 
ity, but  that  the  role  of  its  lymphoid 
tissue  is  to  secrete  a  relatively  large 
quantity  of  suecus  entericus  contain- 
ing auto-antitoxin  which  has  for  its 
purpose  (aided  by  phagocytes)  to  in- 
sure asepsis  of  the  cavity  of  the  ap- 
pendix itself;  and  of  the  caecal  cav- 
ity— which  is  particularly  exposed  to 
the  accumulation  of  putrefactive  ma- 
terials— into  which  the  appendix  se- 
cretes it.  The  aim  should  be,  there- 
fore, to  increase  rapidly  the  blood's 
asset  in  auto-antitoxin  and  thyroi- 
dase,  and,  thereby,  the  bacteriolytic 
and  antitoxic  efficiency  of  the  appen- 
dical secretion,  and  also  the  amount 
of  the  latter. 


Calomel,  in  Vin-gTain  doses  every 
fifteen  minutes,  and  thyroid  extract, 
2  grains  every  three  hours,  most  ef- 
fectually accomplish  this  object.  The 
spread  of  the  infection  will  be  re- 
stricted, the  likelihood  of  haemorrhage 
diminished  by  the  increase  of  fibrin- 
ferment  (adrenoxidase)  in  the  blood, 
while  the  chances  of  recovery  should 
surgical  measures  prove  necessary  ( if 
distinct  improvement  does  not  occur 
within  forty-eight  hours)  are  greatly 
increased.  Ncsf  in  bed  is  imperative, 
with  hot  applications  (hot-water  bag, 
poultices,  etc.)  over  the  painful  area 
to  increase  the  proteolytic  efficiency 
of  its  auto-antitoxin  and  relieve  pain. 
A  milk  diet  assists  materially  the 
curative  process,  sodium  chloride  be- 
ing added  as  freely  as  the  taste  of  the 
patient  will  allow.  j\[ilk  and  Vichy, 
equal  parts,  form  a  palatable  drink 
which  tends  further  to  preserve  the 
osmotic  properties  of  the  blood.  To 
deprive  the  patient  of  fluids,  as  ad- 
vised by  some,  is  a  mistake,  since  they 
— at  least  milk  and  water — are  ab- 
sorbed long  before  the  caecum  is 
reached.  The  bowels  should  be  emp- 
tied daily  with  warm  saline  solution 
enemata,  adding  two  teaspoonfuls  of 
glycerine  to  the  pint  of  solution  if 
free  action  is  not  obtained. 

Arteriosclerosis,  treated  in  full.  1548 

Arthritis  Deformans. 

A  disease  distinct  from  rheumatism 
and  gout,  characterized  by  degenera- 
tive changes  in  the  synovial  mem- 
brane, cartilages  and  bones  of  the 
joints,  and  leading  to  deformity  of 
the  latter.  In  the  acute  polyarticular 
form,  which  occurs  usually  in  young 
women  as  a  result  of  pregnancy,  the 
joint  is  painful  and  red  and  there  is 
fever,  and  subsequently  mental  depres- 
sion. In  the  chronic  polyarticular 
form,  there  is  pain,  impaired  mobility 
and  nodules  in  many  joints,  especially 
those  of  the  hands,  with  paraesthesias, 
sometimes  slight  fever,  and  muscular 
atrophy.  In  the  monoarticular  form, 
often  observed  in  aged  subjects,  large 
joints  such  as  the  hip  (morbus  coxae), 
shoulder  or  knee,  are  the  seats  of 
predilection  and  subluxations  are  fre- 
quent. Haher den's  nodes  occur  in  the 
distal  finger-joints,  which  at  times 
become  tender  or  actually  painful 
with  cutaneous  redness  and  tumefac- 
tion,   and   are   usually   observed  in 


1848 


SUPPLEMENT. 


middle-aged  women,  usually  causing 
pain,  but  only  on  motion. 

Due  to  deficient  nutrition  of  the 
joints,  or  muscles  affected  owing  to 
deficient  propulsive  activity  of  the 
arterioles,  a  result,  in  turn,  of  paresis 
of  their  sympathetic  nerve-supply. 
The  polyarticular  form.s  are  due  to 
impairment  of  the  functions  of  the 
sympathetic  center — the  main  one  of 
sensorium  commune ;  hence  the  fact 
that  shock,  worry,  grief,  uterine  dis- 
orders, etc.,  are  prominent  etiological 
factors  of  the  disease.  The  monoar- 
ticular forms  are  mainly  the  result  of 
traumatism,  freezing,  etc.,  which  para- 
lyze temporarily  the  vessel  walls  of 
the  exposed  parts;  and  in  aged  sub- 
jects, to  senile  degeneration  of  their 
sympathetic  fibers. 

Treatment:  This  should  aim  to  in- 
crease nutrition  of  the  body  at  large 
and  therefore  of  the  sympathetic  cen- 
ter. Biniodide  of  mercury  to  excite 
the  test-organ  and  through  it  the  ad- 
renal system,  alternating  with  the  io- 
dides in  full  doses  and  given  in  large 
dilution.  Painting  of  the  diseased 
joints  with  tincture  of  iodine  to  pro- 
voke irritation  and  increase  the  local 
blood-supply.  After  a  month  or  so, 
atropine  or  tincture  of  belladonna  to 
excite  the  sympathetic  center  and  re- 
store the  propulsive  activity  of  the 
peripheral  arterioles.  Dry  hot  air  to 
the  joints  to  enhance  the  proteolytic 
activity  of  their  auto-antitoxin  and 
promote  the  destruction  of  abnormal 
formations,  and  at  least  one  quart  of 
some  alkaline  mineral  water  such  as 
Ballardvale,  or  Londonderry  Lithia,  to 
insure  a  free  elimination  of  detritus. 

Ascites. 

An  accumulation  of  fluid  in  the  ab- 
domen through  engorgement  of  the 
vessels  that  drain  the  peritoneum,  the 
most  frequent  cause  of  which  is  ob- 
struction of  the  portal  circulation  by 
hepatic  diseases,  cirrhosis,  for  exam- 
ple; tumors  in  the  liver,  or  external 
to  it,  i.e.,  in  the  peritoneum,  spleen, 
etc. ;  obstruction  to  the  lymphatic 
circulation;  chronic  inflammation  or 
disease  of  the  peritoneum  ( tuberculo- 
sis, syphilis,  etc.)  and  various  disor- 
ders of  the  heart  and  lungs. 

Treatment:  Tapping  and  treat- 
ment of  the  causative  disease,  several 
of  which,  tuberculosis,  cancer,  etc.,  are 
amenable  through  the  intermediary  of 
the  adrenal  system. 


Asiatic  Cholera,  treated  in  full.  1720 

Asthenic  Glycosuria,  treated  in 

full   1597 

Asthma,  Bronchial,  treated  in 

full    1699 

Beri-beri. 

An  endemic  multiple  neuritis  ob- 
served especially  among  seamen,  char- 
acterized by  paraestliesias,  anaesthesia, 
anaemia,  more  or  less  oedema  begin- 
ning in  the  legs,  rapid  and  weak 
heart  action,  dyspnoea,  fever,  loss  of 
tendon  reflexes  and  muscular  atrophy. 

Due  to  any  poison  such  as  fish 
ptomains,  toxin,  etc.,  which  depresses 
the  functional  activity  of  the  vaso- 
motor center,  the  blood  being  caused 
to  recede  in  the  deeper  vessels,  owing 
to  the  general  relaxation  of  the  arte- 
ries. Tlie  latter  condition  is  the 
cause  also  of  the  oedema  which  begins 
in  the  most  dependent  portion  of  the 
body,  while  recession  of  the  blood 
from  the  peripheral  capillaries  ac- 
counts for  the  anaesthesia  and  other 
paraesthesias,  and  for  the  muscular 
atrophy. 

Treatment:  Ergot  and  the  other 
agents  of  the  oxytocic  group  are  di- 
rect antagonists  of  this  condition,  but 
their  action  can  only  be  ephemeral — • 
even  though  the  causative  conditions 
be  removed — until  the  organs  of  the 
adrenal  system  (the  pituitary  and 
thyroid  being  also  hyp-iactive  because 
of  ischaemia )  are  made  to  resume 
their  normal  activity:  thyroid  ex- 
tract in  2-grain  doses,  t.i.d.,  and  tin- 
iodide  of  mercury,  by  jointly  stimu- 
lating the  adrenal  center,  not  only 
produce  this  effect,  but  tend  to  cause 
constriction  of  the  arteries  by  increas- 
ing nutrition  of  their  muscular  coat. 
Ergot  may  then  be  used  to  excite  the 
vasomotor  center,  the  effect  being  sus- 
tained subsequently  with  strychnine. 

Bilious  Headache.    See  Migraine. 

Breast-pang.    See  Angina  Pectoris. 

Bright's  Disease,  Chronic   1383 

Bronchial  Asthma.    See  Asthma. 

Bronchiectasis. 

Bronchial  dilation  due  to  weakness 
of  the  bronchial  walls  as  a  result  of 
the  unusual  strain  imposed  upon  them 
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during  coughing  in  the  course  of 
chronic  bronchial  disorders,  bronchi- 
tis, tuberculosis,  broncho- pneumonia, 
pertussis,  etc.  It  may  also  follow 
bronchial  obstruction  by  a  foreign 
body,  accumulated  secretions,  com- 
pression by  a  tumor,  an  aneurism, 
etc.,  traction  through  fibroid  indura- 
tion and  may  occur  as  a  eotigenital 
defect.  It  gives  rise  to  persistent, 
paroxysmal,  morning  cough,  accom- 
panied by  the  expectoration  of  large 
quantities  of  yellow-green  muco-pus 
which  divides  into  three  layers:  the 
upper,  thin  and  frotliy,  the  middle 
mucoid,  and  the  third  of  pus  contain- 
ing detritus,  fat  and  haematoi'din  crys- 
tals, red  corpuscles,  etc.  It  does  not 
per  se  cause  fever. 

Treatment:  That  of  the  accom- 
panying disease.  The  diminution  of 
the  bronchial  muco-pus  is  greatly 
facilitated  by  saline  solution  used 
subcutaneously  to  enhance  the  fluid- 
ity of  the  blood,  while  thyroid  extract 
in  small  doses  (2  grains  t.i.d. )  with 
creosote  carbonate,  given  in  capsules 
in  increasing  doses  not  only  increases 
the  proportion  of  auto-antitoxin  and 
thyroidase  in  the  blood  by  stimulat- 
ing the  adrenal  system,  but  also  the 
volume  of  blood  admitted  into  the  dis- 
eased tissues,  thus  promoting  resolu- 
tion. 

Bronchitis,    Acute,    treated  in 

full    1692 

Bronchitis,  Capillary.    See  Broncho- 
pneumonia. 

Bronchitis,  Chronic,  1168,  1231,  1239, 
1380. 

A  chronic  inflammation  of  the 
bronchial  mucosa,  usually  bilateral, 
attended  by  stubborn  nocturnal  and 
morning  cough  and  accumulation  of 
muco-purulent  material  in  the  respir- 
atory tract.  There  may  be  slight 
fever,  but  as  a  rule,  the  general 
health  remains  good  until  the  ex- 
pectoration becomes  excessive,  when 
emaciation  may  occur.  The  quantity 
voided  sometimes  reaches  two  quarts 
in  the  twenty-four  hours:  hronchor- 
rhnra,  while  conversely  it  may  be  very 
limited,  tenacious  and  viscid:  dry 
bronchitis.  The  secretions  may  also 
remain  sufficiently  long  in  the  air- 
passages  to  become  putrid  and  very 
offensive:    the  foetid  or  putrid  form 


which  may  be  accompanied  by  emacia- 
tion, anaemia,  adynamia  and  fever. 

Due  to  any  condition  of  internal  or 
external  origin  which  causes  undue 
and  prolonged  irritation  of  the  bron- 
chial mucosa.  This  may  be  caused  by 
repeated  colds,  i.e.,  through  recurring 
irritation  of  the  mucosa  by  interme- 
diate products  of  metabolism  from  the 
region  exposed  to  cold  and  damp 
which  are  eliminated  by  all  channels, 
even  vicariously  through  the  secret- 
ing elements  of  the  bronchi — a  com- 
plication also  of  Bright's  disease;  or 
through  a  similar  process  carried  on 
by  toxins  in  influenza,  measles,  pneu- 
monia, etc. ;  the  local  irritation  at- 
tending the  morbid  process  in  tuber- 
culosis, and  other  local  disorders — all 
aggravated  by  the  rise  of  blood-pres- 
sure which  occurs  in  the  course  of 
many  of  these  disorders,  and  which 
provokes  marked  hypersemia  of  the 
bronchial  capillaries. 

Treatment:  As  in  all  cases  of 
chronic  bronchitis  of  endogenous 
origin  that  are  at  all  severe,  the 
mucosa  remains  "inflamed"  owjng  to 
the  pathogenic  substances  in  the 
blood,  the  treatment  should  aim  to 
rid  the  body  of  their  presence:  Sa- 
line solution  hypodermically  or  sub- 
cutaneously to  promote  osmosis,  to 
facilitate  the  circulation  of  the 
plasma  through  the  ultimate  bron- 
chial capillaries  and  to  enhance  the 
elimination  of  detritus  by  the  kid- 
neys and  the  bronchial  mucosa.  This 
is  materially  aided  by  a  few  days' 
reduced  or  milk  diet.  Then  thyroid 
extract  in  3-grain  doses  after  each 
meal,  reduced  to  2  grains  the  second 
week,  but  giving  in  addition  creosote 
carbonate  in  capsules  in  10-grain 
doses,  increasing  by  5  grains  weekly 
until  30  grains  are  taken  three  times 
daily.  The  thyroid  extract  increases 
the  auto-antitoxin  and  thyroidase  of 
the  blood,  while  the  creosote  enhances 
this  action,  and  by  exciting  the  pro- 
pulsive action  of  the  pulmonary  arte- 
rioles, floods  the  diseased  area  with 
curative  blood.  The  iodides  may  be 
used  instead  of  the  thyroid,  but  are 
less  active.  To  sustain  the  beneficial 
effects  after  recovery,  strychnine, 
digitalis  and  coca  are  the  most  effi- 
cient remedies.  The  patient  should 
drink  at  least  one  quart  of  Vichy 
mineral  toater  daily  to  sustain  the 
osmotic  properties  of  his  blood  and 
lymph. 
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Broncho-pneumonia,  treated  in 

full    1681 

Bubonic  Plague.    See  Plague. 

Caisson  Disease. 

Occurs  in  workers  in  caissons,  div- 
ing bells,  etc.,  as  a  result  of  the  su- 
pranormal  atmospheric  pressure  to 
which  they  are  submitted  therein,  and 
is  characterized  within  twenty  or 
thirty  minutes  after  returning  to 
normal  air-pressure  by  vertigo,  paroes- 
thesias,  muscular  hypersesthesia,  pain 
in  the  head,  ears,  joints  and  epigas- 
trium, vomiting  and,  in  severe  cases, 
coma  and  death.  Paralysis,  espe- 
cially paraplegia,  is  a  characteristic 
complication  which  comes  on  sud- 
denly. 

Due  to  excessive  compression  of  the 
capillaries  in  the  superficial  and  soft 
tissvies,  and  forceful  projection  of 
their  blood  into  the  deeper  vessels 
and  into  those  capillaries  which,  such 
as  those  in  the  deeper  organs  or 
cerebrospinal  system,  are  protected 
from  .the  pressure  through  their  situ- 
ation or  bony  covering — the  vertebral 
column  and  skull  in  the  latter  case. 
The  blood-plasma  in  the  nervous  ele- 
ments, neuroglia,  cell-bodies,  den- 
drites, etc.,  through  the  centrifugal 
pressure  thus  exercised,  become  ab- 
normally dilated — a  condition  which, 
repeated,  finally  impairs  their  func- 
tional integrity — the  source  of  the 
paralytic  phenomena.  This  applies  as 
well  to  the  capillaries  of  other  tis- 
sues, their  dilation,  followed  by  sud- 
den hypersemia,  when  exposure  to 
normal  atmospheric  pressure  is  re- 
sumed, accounting  for  the  pain,  mus- 
cular hyperiEsthesia,  etc.,  observed. 

Treatment:  The  aim  should  be  to 
place  the  worker's  vascular  system  in 
a  condition  such  as  to  avoid  the 
pathogenic  capillary  congestion.  He 
should  avoid  coffee,  tea,  alcohol  and 
much  red  meat,  to  prevent  a  high 
blood-pressure.  Almost  absolute  pro- 
tection could  be  afforded — -if  prac- 
ticable— by  the  use,  twenty  minutes 
before  entering  the  caisson,  of  sodium 
hromide — repeating  the  dose  as  neces- 
sary— to  depress  the  vasomotor  cen- 
ter, and  thus  cause  dilation  of  the 
large  blood-channels  of  the  splanchnic 
area,  and  ischtemia  of  the  peripheral 
capillaries.  The  effect  of  excessive 
pressure  would  thus  be  annulled  at 
least  to  a  material  degree. 


The  treatment  of  developed  symp» 
toms  should  be  on  similar  lines,  the 
bromides,  chloral,  veratrum  viride 
and  kindred  drugs  being  used  to  sus- 
tain for  a  time  the  ischsemia  of  the 
nervous  elements,  thus  enabling  them 
gradually  to  resume  their  normal 
caliber.  Massage  (light)  and  elec- 
tricity to  the  muscles  are  not  only 
of  material  aid  to  the  tissues  excited, 
but  also  to  central  nerve-cells  through 
reflex  action. 

Cancer,  treated  in  full   1390 

Carcinoma.    See  Cancer. 

Catarrhal  Pneumonia.    See  Bioncho- 
pneumonia. 

Cerebral  Abscess.    See  Encephalitis. 

Cerebral  Apoplexy.    See  Cerebral 
Haemorrhage. 

Cerebral  Haemorrhage,  treated 

in  full    1573 

Cerebral  Thrombosis  and  Embolism. 

Characterized  by  plugging  of  an 
artery  or  vein  by  ( 1 )  a  blood-clot 
formed  in  situ  (thrombosis)  in  the 
course  of  vascular  disorders,  weak 
heart,  blood  disorders,  ligation  of  the 
carotid,  etc.,  the  middle-cerebral  and 
basilar  arteries  being  those  most  fre- 
quently affected;  or  (2)  by  a  mass 
of  valvular  vegetation,  a  calcareous 
or  atheromatous  fragment,  a  fraction 
of  embolus,  etc.,  carried  to  the  left 
middle-cerebral  or  vertebral  branches 
of  the  carotid,  by  the  blood-stream 
(embolism).  Either  condition  may 
give  rise  to  headache,  delirium,  stu- 
por, convulsions,  muscular  rigidity 
and  coma,  especially  in  the  cases  that 
occur  during  the  cachectic  periods 
of  cancer,  phthisis,  etc.,  complicated 
with  symptoms  of  sepsis,  in  cases  due 
to  infectious  fevers,  aural  abscesses, 
mastoiditis,  etc. 

Due  to  a  great  extent,  in  cases  that 
occur  during  febrile  and  cachectic  dis- 
orders especially,  to  a  deficiency  of 
alkaline  salts  and  water  in  the  blood. 
The  relative  proportion  of  fibrin-fer- 
ment ( adrenoxidase )  being  excessive, 
clots  are  readily  formed.  Again, 
when  the  osmotic  properties  and 
fluidity  of  the  blood  are  inadequate, 
its  proteolytic  activity  and  the  pro- 
tective activity  of  the  phagocytes  are 
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correspondingly  impaired  and  destruc- 
tion of  detritus,  including  particles  of 
vegetations  from  the  heart,  atheroma- 
tous vessels,  etc.,  fails  to  be  accom- 
plished and  emboli  are  formed. 

Treatment:  The  preventive  meas- 
ures are  self-evident:  the  use  of  sa- 
line solution  in  the  course  of  all 
febrile  processes,  including  cachexias, 
as  advocated  in  this  work. 

The  treatment  of  the  conditions 
themselves  requires  considerable  cir- 
cumspection. To  administer  the  io- 
dides, digitalis,  strophanthus,  quinine, 
etc.,  as  advocated  in  text-books  is 
dangerous  practice,  since  it  is  likely 
to  increase  the  chances  of  death  by 
adding  fibrin-ferment  to  the  blood.  If 
thrombosis  or  embolism  occur  during 
cachexias  or  infections  saline  solution 
subcutaneously  in  small  doses  fre- 
quently repeated,  or  if  impracticable, 
per  rectum.  After  a  couple  of  weeks, 
if  reqviired  at  all,  the  iodides  may 
be  used  in  gradually  increased  doses 
to  remove  what  detritus  continues  to 
provoke  vascular  obstruction,  by  in- 
creasing the  proteolytic  activity  of 
the  blood  and  of  the  phagocytes. 

Cerebrospinal  Fever.    See  Meningitis. 

Chlorosis,  treated  in  full   1784 

Cholangitis,  Catarrhal  (Acute  Jaun» 
dice). 

Characterized  by  jaundice  of  one 
to  six  weeks'  duration,  slight  hepatic 
tenderness  with  increase  of  the  dull- 
ness area,  and  pruritus;  and,  in  se- 
vere cases,  marked  weakness,  fever 
and  gastro-duodenal  disorders. 

Due  to  incomplete  obstruction  of  the 
duct  through  local  irritation  by  poi- 
sons contained  in  the  bile,  viz.,  toxic 
wastes  due  to  inhibited  metabolism, 
as  after  emotions,  exposure,  cold,  or 
retained  owing  to  renal  disease;  the 
toxins  of  typhoid  fever,  pneumonia 
and  other  infectious  diseases,  imper- 
fectly digested  materials  (acute  indi- 
gestion), etc.,  and  also  to  concurrent 
abnormal  viscidity  of  the  bile. 

Treatment:  In  ordinary  cases  (in- 
dependent of  infections)  a  milk  and 
bread  diet,  to  redvice  to  a  minimum 
the  wastes  formed,  and  sodium  chlo- 
ride in  the  milk  ingested  to  increase 
the  osmotic  properties  of  the  hepatic 
blood,  with  two  quarts  of  some  alka- 
line mineral  ivater,  preferably/  Vichy, 
daily.     Vegetables  should  constitute 


the  main  food  after  a  few  days  of 
milk  diet,  to  supply  the  blood  with 
alkaline  salts.  Drugs  should  be 
avoided. 

Cholangitis.  Obstructive. 

Due  to  incomplete  obstruction  of  the 
common  duct  by  gall-stones,  the  pres- 
sure of  a  cancer,  a  stricture,  external 
pressure,  etc.,  and  characterized  by 
"intermittent  hepatic  fever,"  due  to 
stimulation  of  the  adrenal  system  by 
periodical  accumulations  of  poisonous 
constituents  of  the  bile  in  the  blood, 
in  which  jaundice,  chills,  fever,  sweat- 
ing and  sometimes  pain,  recur  inter- 
mittently for  weeks.  When  the  ob- 
struction is  complete,  there  are: 
marked  jaundice  of  the  skin  and  scle- 
rotic, clay-colored  stools  devoid  of 
bile,  yellowish-brown  urine,  a  slow 
pulse,  anorexia,  foul  breath,  nausea, 
gastro-intestinal  hsemorrhages,  albu- 
minuria, irritability,  headache,  fever, 
and  in  some  cases  delirium,  convul- 
sions and  coma — all  dite  to  the  tox- 
aemia wliich,  unless  successfully  an- 
tagonized by  the  overactivity  of  the 
adrenal  system  it  engenders,  is  fol- 
lowed by  excessive  excitation  of  the 
vascular  centers  with  the  morbid  phe- 
nomena (except  fever)  recited  as  re- 
sult. 

Treatment:  That  of  the  condition 
to  which  the  obstruction  is  due,  but 
supplemented  by  the  use  of  saline  so- 
lution and  other  measures  indicated 
under  the  preceding  heading. 

Cholecystitis,  Acute  Infectious. 

An  inflammation  of  the  gall-bladder 
caused  by  bacteria  or  their  toxins — 
the  typhoid,  colon  and  pneumonia 
germs  especially — and  favored  by  the 
presence  of  gall-stones,  inflammatorv 
adh  esions,  etc.  The  organ  is  distended 
with  mucus,  muco-pus  or  pus,  which 
conditions  sometimes  lead  to  perfora- 
tion, haemorrhage  and  gangrene,  which 
may  prove  lethal.  The  symptoms, 
aside  from  local  pain  and  tenderness 
and  distension  of  the  organ,  are  those 
of  a  general  infection:  chills,  fever 
and  sweats,  and  often  vomiting  and, 
infrequently,  jaundice. 

Treatment:  Surgical  intervention 
is  often  necessary  to  save  life.  Mor- 
phine to  relieve  pain,  facilitates  nor- 
mal evacuation  of  the  cystic  contents 
by  causing  ischasmia  and  relaxations 
of  its  tissues,  through  the  contraction 
of  the  arterioles  it  produces.  (Joun- 
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ter-irritation  and  heat  over  the  organ 
by  bringing  blood  thereto,  tend  to 
enhance  the  local  antitoxic  ]n-oces.s; 
this  may  be  further  activated  by 
hourly  doses  of  Vio  grain  of  calo- 
mel to  stimulate  the  adrenal  system 
and  increase  the  proportion  of  anti- 
toxin in  the  blood.  More  benefit  is 
obtained,  however,  by  the  intravenous 
use  of  hot  (110°  ¥.)  saline  solution 
which,  by  promptly  increasing  the 
fluidity  of  the  blood  and  secretions, 
facilitates  evacuation  of  the  gall-blad- 
der itself,  besides  being  beneficial  in 
the  infections  in  which  it  occurs. 

Cholelithiasis. 

Gall-stone,  formed  of  cholesterin 
and  lime-salts  secreted  in  excess  by 
the  mucous  membrane  of  the  gall- 
bladder around  a  nucleus  of  bacteria, 
epithelial  cells,  bile-pigment  and,  oc- 
casionally, a  foreign  body.  Its  for- 
mation is  due  to  inadequate  fluidity 
of  the  bile  and  to  the  local  catarrhal 
inflammation  it  provokes  when  in  this 
condition,  especially  -when  laden  with 
micro-organisms. 

The  symptoms,  due  to  the  passage 
of  a  stone  from  the  gall-bladder 
throvigh  the  cystic  and  common  ducts, 
are:  very  sudden  and  severe  pain, 
starting  in  the  region  of  the  gall- 
bladder and  radiating  over  the  abdo- 
men and  toward  the  right  shoulder; 
chills,  fever,  nausea,  vomiting,  then 
cold-sweats,  rapid  and  weak  pulse, 
and,  in  severe  cases,  shock  and  col- 
lapse. When  the  stone  has  passed 
into  the  intestine,  more  or  less  sudden 
relief  is  experienced. 

Treatment:  To  relieve  pain  and 
facilitate  the  passage  of  the  stone 
into  the  intestine,  it  is  necessary  to 
reduce  the  local  congestion  and  cause 
relaxation  of  the  cystic  and  common 
ducts:  Morphine  %  grain  hypoder- 
mically  to  constrict  the  arterioles, 
and  potassium  hromidc  orally  (30 
grains  largely  diluted)  to  depress  the 
blood-pressure  or  chloral  hydrate  per 
rectum  if  the  bromide  salt  is  not  re- 
tained. The  dislodgment  of  the  stone 
is  facilitated  by  intravenous  injections 
of  hot  (110°  F. )  saline  solution,  the 
mode  of  action  being  similar  to  that 
of  the  waters  taken  at  mineral 
springs,  i.e.,  it  promotes  the  osmotic 
properties  of  all  fluids  including  those 
which  are  present  in  the  gall-bladder 
along  with  the  gall-stones.  Hence  the 
great  eflScacy  of  Carlsbad  waters  in 


chronic  cholelithiasis.  The  free  use 
of  alkaline  mineral  loaters  in  such 
cases  is  the  best  preventive  by  insur^ 
ing  the  fluidity  of  the  bile. 

Cholera  Asiatica.  See  Asiatic  Chol- 
era. 

Cholera   Infantum,   treated  in 

full   1737 

Cholera  Morbus,  treated  in  full.  1734 

Chorea,  Acute,  1289,  1293,  1317,  1323, 
1324,  1325. 

Due  to  the  presence  in  the  blood 
of  any  poison  capable  of  exciting 
abnormally  and  continuously  the 
vasomotor  center,  the  general  vaso- 
constriction produced  keeping  up  ab- 
normal functional  activity  in  all  tis- 
sues, especially  the  muscles  and 
nervous  system,  through  the  hyper- 
EBmia  produced  therein.  The  exciting 
cause  may  either  be  ( 1 )  wastes 
formed  through  excessive  metabolism, 
as  in  the  chorea  of  adolescents,  preg- 
nant or  parturient  women,  iodoform 
poisoning,  etc.,  or  as  a  result  of 
hypocatabolism,  as  in  the  aged,  gouty 
or  rheumatic  subjects;  (2)  toxins 
such  as  those  of  scarlet  fever,  measles, 
typhoid  fever;  or,  (3)  autotoxins,  as 
in  the  chorea  which  sometimes  occurs 
in  dyspeptic  subjects. 

Treatment:  As  the  majority  of 
cases  which  occur  in  adolescents  are 
due  to  hypermetabolism:  arsenic  to 
depress  the  test-organ,  i.e.,  the  func- 
tional activity  of  the  adrenal  center 
and,  therefore,  the  nutrition  of  all 
organs,  including  the  sympathetic  and 
vasomotor  centers,  thus,  causing  re- 
laxation of  the  hyperconstrieted  ar- 
teries. Less  valuable  are:  chloral, 
which  depresses  the  adrenal  system 
and  tiie  vasomotor  center,  and  by 
causing  relaxation  of  all  arteries 
withdraws  the  blood  from  the  capil- 
laries of  the  excited  organs;  anti- 
pyrin  or  acetanilid,  which  by  causing 
constriction  of  the  arterioles  reduce 
the  quantity  of  blood  admitted  into 
the  tissues. 

In  chorea  due  to  inadequate  ea- 
tabolic  activity,  as  in  senile,  gouty 
or  rheumatic  subjects,  the  iodides,  or 
small  doses  of  thyroid  extract,  by  en- 
hancing the  destruction  of  wastes  re- 
duce the  sensitiveness  of  the  sympa- 
thetic center.    In  all  forms  saline  sc- 
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lution  enemata  and  the  free  use  of 
mineral  waters  as  beverage  hasten  the 
curative  process  by  facilitating  the 
elimination  of  the  pathogenic  toxics. 

Chorea  is  closely  associated  with 
epilepsj',  and  the  dietetic  measures 
advocated  in  the  latter  disease  are 
also  indicated  in  the  former. 

Chorea,  Chronic. 

Due  in  predisposed  subjects  to  in- 
adequate activity  of  the  adrenal  sys- 
tem and  irritation  of  the  vasomotor 
center  by  toxic  wastes,  the  resulting 
hypersemia  of  the  cortex  giving  rise 
to  vicarious  voluntary  movements. 

Treatment  the  same  as  for  acute 
chorea  in  gouty  or  senile  subjects. 

Chorea,  Postparalytic. 

Characterized  by  choreiform  move- 
ments immediately  before  or  after 
cerebral  disorders  which  involve  cere- 
bral pressure,  as  by  the  coagulum 
after  cerebral  haemorrhage.  The  move- 
ments differ  with  the  cerebral  areas 
compressed.  Prehemiplegic  chorea 
usually  occurs  in  the  limb  about  to 
be  paralyzed,  while  post-hemiplegic 
chorea  may  affect  limbs  that  have 
been  paralyzed  and  indicates  return- 
ing motion ;  but  most  cases  occur 
as  a  result  of  infantile  hemiplegia; 
it  is  often  followed  by  contractures 
and  hemi-anoesthesia. 

Treatment:  As  the  morbid  effects 
are  due  to  pressure,  the  aim  should  be 
to  promote  the  absorption  of  the 
blood-clot  or  other  substance  causing 
it.  In  prehemiplegic  chorea,  when 
detected — the  movements  being  some- 
times very  slight — the  timely  use  of 
potassium  bromide  to  depress  the 
vasomotor  center  and  the  blood-pres- 
sure; a  saline  purgative  to  rid  the 
intestine  of  any  substance  which  may 
provoke  auto-intoxication  and  supra- 
normal  vascular  tension,  and  the  fur- 
ther prevention  of  this  potent  factor 
of  cerebral  haemorrhage  by  appro- 
priate diet,  viz.,  the  omission  of  red 
meats,  coffee,  tea,  alcohol,  etc.;  the 
avoidance  of  fatigue,  which  entails 
the  formation  of  an  excess  of  sarco- 
lactic  acid  (also  a  vasomotor  stimu 
lant),  may  do  much  to  prevent  the 
haemorrhage  and  the  resulting  hemi- 
plegia. 

Choreiform  Disorders. 

Several  of  these,  now  differentiated 
by  separate  names,  are  traceable  to 


the  presence  in  the  blood  of  some  tis- 
sue-waste capable  of  keeping  the  vas- 
cular centers — sympathetic  and  vaso- 
motor— in  a  more  or  less  constant 
state  of  erethism.  The  resulting  high 
vascular  tension  causing  hyperaemia 
of  all  organs,  including  the  brain,  the 
latter  is  hypersensitive  to  exogenous 
impressions  and  hyperresponsive  in 
the  coordination  of  concepts  and  of 
voluntary  impulses  to  the  spinal  sys- 
tem. 

This  cerebral  hyperaesthesia  under- 
lies various  more  or  less  morbid 
states:  Chorea  major  or  epidemic, 
jumping,  springing,  or  gesticulating 
under  the  influence  of  religious  ex- 
citement, is  caused  by  the  flood  of 
wastes  with  which  these  violent  ac- 
tions burden  the  blood ;  even  epilep- 
tic convulsions  may  result.  In  im- 
pulsive tic  the  cerebral  hyperaesthesia 
preexists  and  any  part  of  the  hyper- 
aemic  cortex  readily  becomes  habitu- 
ated to  the  coordination  of  movements 
carried  out  through  the  spinal  or 
motor  system:  grimaces,  winking, 
sudden  motions  of  any  extremity. 
Mental  concepts  may  underlie  these 
motor  impulses,  as  when  there  are 
mimicry  and  rapid  repetition  of  words 
(echolalia),  obscene  expressions  (co- 
prolalia), a  repetition  of  the  motions 
of  others  ( echokinesis )  or  of  the 
names  of  others  (onomatomania),  etc. 
Habit  chorea  or  spasm,  which  occurs 
mainly  in  young  girls,  differs  little 
if  at  all  from  the  above,  the  sniffing, 
grimaces,  shrugging  of  the  shoulder, 
shaking  of  the  head,  etc.,  being  also 
but  the  expression  of  acts  coordinated 
by  hypersensitive  cerebral  cells.  The 
complex  coordinated,  tics,  such  as  the 
"head-nodding"  or  "banging."  or  the 
"bed-rocking"  of  children,  all  belong 
to  the  same  category. 

Treatment:  As  the  spasmogenic 
wastes  may  be  due  to  hypermetabo- 
lism or  hypocatabolism,  the  first  step 
is  to  ascertain  which  of  these  condi- 
tions prevails.  In  chorea  major:  a 
few  days'  rest  to  permit  the  breaking 
down  of  the  spasmogenic  wastes  and 
their  elimination,  the  free  use  of 
tmter  to  facilitate  this  process,  and 
perhaps  a  saline  purgative  to  hasten 
recovery.  Impulsive  tic  of  long  dura- 
tion seems  to  resist  all  forms  of  treat- 
ment which  prove  effective  in  recently 
developed  cases:  that  of  chorea,  with 
sustained  effort  to  avoid  the  grimaces, 
etc.    In  the  habit  chorea  of  young 
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girls,  auto-intoxication  of  intestinal 
origin  is  the  usiial  cause  of  the  ar- 
terial hyperconstriction.  A  weekly 
saline  purgative,  and  Fowler's  solu- 
tion of  arsenic,  with  a  diet  in  which 
red  meats  are  partaken  of  sparingly, 
while  water,  or  better,  an  alkaline 
water,  especiall_y  Vichy,  is  used  freely, 
usually  insure  piompt  recovery.  The 
complex  coordinated  tics  occur,  as  a 
rule,  in  backward  children  or  semi- 
cretins  in  which  the  catabolism  of 
toxic  wastes  is  imperfect.  Here  sa- 
line purgatives  followed  by  small 
doses  (one  grain  t.i.d. )  of  thyroid 
extract,  by  simultaneously  ridding 
the  intestinal  canal  of  any  cause  of 
auto-intoxication  while  increasing  the 
activity  of  the  vital  process  of  ca- 
tabolism, eliminate  the  cause  of  the 
disorder. 

Cirrhosis  of  the  Liver. 

A  term  applied  to  a  condition  in 
which  inflammatory  destrviction  of 
the  parenchyma  is  replaced  by  an 
overgrowth  of  connective  tissue, 
which,  in  turn,  gives  rise  in  most 
cases  to  sclerosis  and  shrinking  of 
the  organ.  This  constitutes  atrophic 
cirrhosis.  In  some  cases,  the  con- 
nective tissue  formation  is  not  fol- 
lowed by  sclerosis  and  shrinking,  but, 
on  the  contrary,  the  connective  tissue 
accumulates  in  such  quantities  that 
the  organ  becomes  greatly  enlarged. 
This  constitutes  hypertrophic  cirrho- 
sis. In  a  third  class,  the  inflamma- 
tory process  is  initiated  and  sustained 
by  the  toxic  constituent  of  the  bile, 
which,  in  turn,  is  retained  in  the 
biliary  hepatic  channels  as  a  result 
of  obstruction  of  the  gall-ducts  by 
gall-stones,  malignant  or  benign 
growths,  etc.,  thus  constituting  bili- 
ary cirrhosis. 

Due  to  the  prolonged  presence  in 
the  blood  of  any  poison  or  toxin  ca- 
pable of  endowing  the  plasma  with 
sufficient  proteolytic  activity  to  en- 
able it  to  break  down  and  digest  the 
hepatic  tissues,  i.e.,  to  provoke  hepa- 
tic autolysis.  The  causes  of  this  mor- 
bid process  may  be  divided  into  three 
main  classes:  (1)  Alcohol,  the  most 
prolific  cause  of  the  disease,  incites 
it  by  becoming  oxidized  while  passing 
through  the  liver,  the  oxygen  being 
derived  from  the  adrenoxidase  of  the 
hepatic  blood,  the  heat-energy  thus 
liberated  increasing  the  digestive  ac- 
tivity of  the  blood's  auto-antitoxin 


sufficiently  to  provoke  death  of  the 
tissue-cells  and  haemolysis;  (2)  the 
toxins  or  endotoxins  of  the  pathogenic 
organisms  of  syphilis,  typhoid  fever, 
tuberculosis,  scarlatina,  malaria,  etc., 
and  probably  the  toxin  of  the  bacillus 
coli,  also  provoke  it  by  causing  exces- 
sive activity  of  the  adrenal  system, 
thus  increasing  inordinately  the  pro- 
portion of  auto-antitoxin  in  the  blood; 
(3)  irritating  soluble  substances,  poi- 
sons, condiments,  toxic  wastes  (as  in 
gout  and  rheumatism),  etc.,  whether 
derived  from  the  alimentary  canal  by 
way  of  the  portal  system,  or  retained 
in  the  liver  owing  to  obstruction  of 
the  biliary  ducts,  may  also  act  as 
cause,  by  provoking  in  the  cellular 
elements  which  they  irritate  an  in- 
flammatory auto-protective  reaction 
which  leads  to  local  autolysis  and 
necrosis. 

The  primary  lesion  in  all  cases  of 
true  cirrhosis  is  cellular  necrosis, 
whether  brought  on  by  local  inflam- 
mation or  direct  autolysis.  The  con- 
nective tissue  overgrowth  is  the  result 
of  an  attempt  at  repair.  At  first 
highly  cellular  and  vascular,  it  may, 
as  in  the  hypertrophic  form,  exceed 
the  needs  of  the  process,  but  in  most 
eases,  it  finally  becomes  converted  into 
dense  fibrous  tissue  which  obliterates 
the  gaps  left  by  the  necrosed  ele- 
ments, causing  simultaneously,  how- 
ever, shrinkage  of  the  organ. 

The  symptoms  are  mainly  those  of 
hepatic  obstruction:  gastric  disorders 
attended  by  nausea,  anorexia,  etc.,  and 
accumulation  of  mucus  in  the  viscus 
with  intestinal  catarrh  and  constipa- 
tion, all  due  to  passive  hyperaemia  of 
the  gastro-intestinal  mucosa.  When 
the  portal  vessels  are  sufficiently  ob- 
structed, passive  hyperjemia  of  all  or- 
gans follows,  and  obstinate  haemor- 
rhages, epistaxis,  heematemesis,  me- 
trorrhagia, haematuria,  etc.,  which 
may  prove  fatal,  occur;  the  veins  of 
the  surface,  especially  those  of  the 
thorax  and  abdomen  on  a  level  with 
the  liver,  are  dilated;  haemorrhoids 
also  occur  from  the  same  cause;  the 
spleen  is  also  enlarged,  owing  to  the 
intense  blood-pressure  to  which  it  is 
subjected.  When  the  gall-ducts  are 
sufficiently  involved  the  skin  is  sal- 
low and  jaundice  appears.  Abdomi- 
nal dropsy  is  an  advanced  manifesta- 
tion of  the  vascular  obstruction,  and 
may  extend  to  the  legs.    The  urine  is 
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usually  scanty,  highly  colored,  and 
loaded  with  urates. 

Mental  torpor,  drowsiness,  deli- 
rium and  coma  are  main  terminal 
symptoms. 

In  the  atrophic  form,  the  liver  is 
large  at  first,  but  physical  examina- 
tion soon  shows  recession  of  its  tis- 
sues; jaundice  is  infrequent.  In  the 
hypertrophic  form,  the  organ  is  large 
and  remains  so,  and  jaundice  is,  as 
a  rule,  slight  but  persistent  and  the 
urine  contains  bile;  but  there  is  no 
haematuria.  In  biliary  cirrhosis,  there 
is  intense  jaundice  and  the  liver  re- 
mains moderately  enlarged. 

Treatment:  Whichever  form  pre- 
vails, the  first  object  is  to  arrest  the 
intoxication  which  directly  or  indi- 
rectly causes  the  disease.  Cessation 
of  the  use  of  alcohol,  followed  by  bi- 
weekly sff//ne  laxatives  ( avoiding  mer- 
curial and  other  purgatives  which 
stimulate  the  adrenal  system)  and 
a  milk  diet  for  a  few  days,  suffice  in 
incipient  cases  to  initiate  convales- 
cence. To  insure  recovery  a  diet  just 
sufficient  to  nourish  the  body  and  the 
free  use  of  icatcr  should  be  persisted 
in.  In  more  advanced  cases,  charac- 
terized by  marked  venous  distension 
and  hfemorrhages,  hot  (110°  F. )  sa- 
line solution  injections  subcutaneously 
or  intravenously  in  addition,  to  re- 
duce the  toxicity  of  the  blood,  facili- 
tate osmosis  and,  therefore,  the  per- 
meability of  the  hepatic  channels, 
thus  relieving  the  blood-pressure. 
This  applies  also  to  the  cirrhosis 
that  follows  acute  infections.  This 
complication  would  never  occur  if  sa- 
line solution  were  used  freely  in  the 
course  of  all  febrile  diseases. 

Drugs  are  more  harmful  than  bene- 
ficial, especially  mercury  and  the  io- 
dides, which  increase  the  proportion 
of  auto-antitoxin  in  the  blood  and 
thus  increase  its  morbid  action  on 
the  hepatic  tissues. 

Collapse  1215,  1222,  1224,  1225 

Constipation    1374 

May  be  due  to  one  of  many  condi- 
tions: (1)  Intestinal  atony,  in  anae- 
mic, neurasthenic  and  debilitated  or 
old  subjects,  the  anatomical  cause  be- 
ing a  deficiency  of  blood  in  the  mus- 
cular and  secreting  elements  of  the 
intestine,  owing  to  inadequate  propul- 
sive activity  of  their  arterioles  and 
as  a  consequence  local  ischaemia  with 


its  results:  inadequate  peristalsis 
and  deficiency  of  intestinal  juice;  (2) 
a  similar  morbid  process  brought  on 
by  excessive  purgation  or  prolonged 
catarrhal  inflammation  and  exhaus- 
tion of  the  secretory  and  muscular 
elements  of  the  intestine;  (3)  ina- 
bility of  the  blood  to  spare,  after  co- 
pious perspiration  or  the  ingestion  of 
insufficient  fluids,  the  water  necessary 
to  furnish  a  sufficient  supply  of  intes- 
tinal juice  to  liquefy  and  insure  the 
downward  progress  of  the  excrements ; 
(4)  the  use  of  foods  which  leave  but 
little  residue  or  waste  and  which  thus 
fail  to  excite  reflexly  the  peristaltic 
and  secretory  functions  of  the  intes- 
tine; (5)  mechanical  interference 
with  the  expulsion  of  the  faeces,  owing 
to  pressure  on  the  intestine  of  a  re- 
troverted  uterus,  foreign  bodies,  a 
stricture,  a  tumor,  etc.,  or  by  har- 
dened scybala  in  the  intestinal 
pouches;  (6)  peristaltic  torpor, due  to 
excessive  distension  of  the  intestine  by 
large  faecal  masses  allowed  to  accu- 
mulate therein  through  neglect  of  the 
act  of  defecation.  It  is  usually  most 
marked  in  the  region  of  the  sigmoid 
flexure,  but  the  entire  colon  may  be 
dilated.  Such  a  condition  may  be 
congenital. 

Treatment :  In  cases  due  to  general 
adynamia,  anaemia,  etc.,  the  successful 
treatment  of  these  conditions  usually 
corrects  the  constipation,  especially 
when  strychnine  or  nux  iiomica  to 
raise  the  blood-pressure  and  thus  in. 
crease  the  volume  of  blood  in  all 
peripheral  vessels,  with  helladonna  to 
enhance  the  propulsive  activity  of  the 
intestinal  arterioles,  is  also  given, 
and  if  the  patient  acquires  the  habit 
of  going  to  stool  at  a  fixed  hour  daily. 
The  food  of  all  cases  should  include 
enough  vegetables,  fruit,  cereals,  etc., 
to  insure  a  copious  residue;  the  free 
use  of  water  is  also  of  great  impor. 
tance.  Exercise  and  abdominal  maS' 
sage  aid  intestinal  action,  provided 
fatigue  and  free  perspiration  be 
avoided.  Enemata,  especially  when 
large  and  injected  warm  (not  less 
than  105°  F. ),  are  eff'ective  adjuvants. 

When  purgatives  are  necessary,  the 
cause  of  constipation  should  also  be 
taken  into  account.  In  asthenic  cases, 
calomel  in  small  doses  frequently  re- 
peated not  only  produces  the  desired 
effect,  but  by  stimulating  the  adrenal 
system  aids  the  general  curative 
process  carried  on  by  the  tonic  reme- 
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dies  referred  to  above.  In  stubborn 
cases  aloes  or  aloin  may  be  added  to 
the  strychnine  and  belladonna,  owing 
to  its  stimulating  action  on  the  sym- 
pathetic center  and  the  hyperismia  of 
the  intestinal  vessels  thus  provoked. 

In  constipation  due  to  intestinal  ca- 
tarrh all  these  agents  would  aggra- 
vate the  trouble  by  increasing  the  in- 
testinal congestion.  Here  the  mineral 
aperient  xoaters  such  as  Apenta,  Hun- 
yadi  Janos,  Carlsbad,  Saratoga,  etc., 
or  plain  Epsom  salts,  citrate  of  mag- 
nesia, etc.,  are  of  the  greatest  value, 
since  they  promote  flushing  of  the  in- 
testine with  intestinal  juice  laden 
with  auto-antitoxin.  The  constipation 
which  occurs  in  the  course  of  febrile 
diseases  is  almost  entirely  due  to  de- 
ficiency of  fluids  and  impairment  of 
the  osmotic  properties  of  the  blood, 
and  is  prevented  by  the  use  of  al- 
kaline tererages  or  saline  solution 
throughout  the  disease. 

Simple  means  should  always  be 
given  preference,  especially  in  chil- 
dren :  glycerine  or  other  mild  sup- 
positories which  cause  evacuation 
mainly  through  reflex  contraction  of 
the  intestinal  muscular  layer;  ene- 
mata,  which  do  likewise,  besides  soft- 
ening the  fsecal  masses. 

Consumption.     See    Pulmonary  Tu- 
berculosis. 

Convalescence,  Retarded   1239 

Coryza,  Acute,  1214,  1215,  1245,  1246, 
1349. 

Congh    1281 

Cretinism.    See  ]\Iyxoedema. 

Croupous  Pneumonia.    See  Pneumo- 
nia. 

Dandy  Fever.    See  Dengue. 

Dementia  Paralytica. 

A  gradual  degeneration  of  the 
cerebro-spinal  system,  which  occurs 
as  a  result  of  inflammation  of  its 
vascular  and  nervous  elements,  in- 
cluding the  neuroglia,  and  depression 
of  the  functions  of  the  adrenal  sys- 
tem. 

Syphilis,  its  principal  cause,  pre- 
pares the  ground  for  its  development 
by  causing  during  the  secondary  pe- 


riod, a  violent  reaction  of  the  ad- 
renal system  which  provokes  hyper- 
trophy of  the  vessel-walls  and  con- 
gestion of  the  capillaries,  including 
those  of  the  central  nervous  system, 
the  neuro-fibrils,  the  neuroglia,  etc. 
When  the  tertiary  period  character- 
ized by  marked  debility  of  the  adre- 
nal system,  is  reached  (see  Syphilis), 
the  nutrition  of  the  brain  and  cord 
is  thus  impaired  through  two  morbid 
factors:  the  vascular  lesions  and  the 
deficiency  of  the  blood  constituents 
which  sustain  metabolism  in  all  tis- 
sues. Alcohol  produces  it  by  becom- 
ing oxidized  in  the  blood,  thus  caus- 
ing the  liberation  of  an  excess  of 
heat-energy  and  vascular  lesions, 
while  impairing  markedly  the  oxy- 
genation and  therefore  the  nutrition 
of  all  tissues  including  those  of  the 
cerebro-spinal  system,  and  their  cen- 
ters. 

The  symptoms  correspond  with 
these  stages,  beginning  with  abnor- 
mal mentality  and  acts,  irritability, 
restlessness,  excitement,  and  even 
mania,  with  motor  distui'bances  of 
various  kinds,  until  the  paralytic 
stage  is  reached,  when  all  functions 
gradually  cease. 

Treatment:  This  depends  upon  the 
stage  at  which  the  patient  is  seen. 
During  the  period  of  excitement  the 
active  hypersemia  of  the  cerebro-spinal 
system  can  only  be  aggravated  by  the 
remedies  now  used — mercury  and  the 
iodides.  Saline  solution  hypadermic- 
ally  or  endovenously,  by  increasing 
the  fluidity  of  the  blood  and  its  free 
circulation  in  the  nervous  elements, 
reduces  markedly  the  pathogenic  hy- 
persemia,  especially  if  the  diet  does 
not  include  stimulants  or  red  meats 
and  if  the  intestines  are  kept  free  by 
means  of  saline  aperients.  After  the 
period  of  excitement  has  been  caused 
to  subside  by  these  measures,  thyroid 
extract  in  very  small  doses,  %  grain 
t.i.d.,  tentatively  and  slowly  increased 
until  3  grains  t.i.d.  are  taken,  is  in- 
dicated to  promote  gradually  the  gen- 
eral nutrition,  including  that  of  the 
cerebro-spinal  system,  while  insuring 
the  breaking  down  of  toxic  wastes 
which  tend  to  excite  the  vasomotor 
center  and  cause  a  recurrence  of  the 
dementia. 

Contraindicated:  The  bromides, 
chloral  and  other  depressants,  all 
of  which  tend  to  promote  the  cerebral 
atrophy. 
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Dengue. 

All  epidemic,  infectious  fever  char- 
acterized by  very  severe  pains  in  tlie 
joints  and  muscles  and,  in  some  eases, 
by  eruptions,  is  due  to  the  toxin  of 
some  bacillus  (probably  McLaughlin's 
micrococcus ) ,  which  depresses  or  par- 
alyzes- the  sympathetic  center.  The 
arterioles  of  the  entire  body  being 
dilated,  tlie  sensoiy  terminals  are 
rendered  hyperoemic  and  evoke  pain- 
ful sensations.  The  flow  of  blood  into 
the  capillaries  being  no  longer  regu- 
lated, there  may  be  haemorrhages  from 
the  nose,  gums,  stomach  (black  vomit- 
like), intestines,  etc.,  and  an  ery- 
thematous rash  in  the  skin  and 
around  the  tongue,  headache,  flush- 
ing, conjunctival  congestion,  adenitis, 
high  fever  (reaching  sometimes  107° 
F. ).  The  sensation  of  burning,  the 
pruritus,  and  the  marked  depression 
that  succeeds  the  disease — which  lasts 
from  five  to  nine  days — all  indicate 
the  supranormal  metabolism  to  which 
the  tissues  are  subjected. 

Treatment:  Morphine  and  the  coal- 
tar  products,  antipyrin  and  acetanilid, 
are  very  efficacious;  by  exciting  the 
sympathetic  center  they  cause  con- 
striction of  the  arterioles  and  by  in- 
hibiting the  excessive  flow  of  blood 
into  the  capillaries  arrest  the  morbid 
phenomena.  To  curtail  the  disease: 
thyroid  extract  in  small  doses  to  in- 
crease the  proportion  of  auto-antitoxin 
and  thyroidase  (opsonin)  in  the 
blood;  and  in  severe  cases  saline 
solution  subcutaneously  or  intrave- 
nously to  enhance  the  bacteriolytic 
and  osmotic  power  of  the  blood  and 
facilitate  the  elimination  of  the  large 
proportion  of  wastes  formed  through 
the  excessive  metabolism.  In  the  av- 
erage ease,  however,  saline  beverages, 
alkaline  mineral  waters,  etc.,  suffice 
when  used  freely. 

Dercum's  Disease.    See  Adiposis  Do- 
lorosa. 

Diabetes    Mellitus,    treated  in 

full    1583 

Diarrhoea,    Acute.      See  Enteritis, 
Acute. 

Diarrhoea,  Infantile.     See  Infantile 
Diarrhoea. 

Diarrhoea,   Tropical.     See  Enteritis, 
Chronic. 


Diphtheria   1158,  1184 

A  contagious  disease  characterized 
by  the  formation,  especially  on  the 
pharyngeal,  laryngeal,  or  nasal  mu- 
cosa, of  a  false  membrane  which  tends 
to  spread  and  provoke  local  necro- 
biosis, and  secondary  constitutional 
infection.  Due  to  the  presence  in  the 
afl'ected  area  of  the  Klebs-Loeffler  ba- 
cillus. The  membrane  is  formed  by 
the  phagocytic  leucocytes  and  epithe- 
lial cells  which  attack  the  pathogenic 
bacilli,  and  the  auto-antitoxin  and 
fibrin-laden  muco-plasma  poured  out 
to  aid  the  auto-protective  process. 
The  surface  aff'ected  first  appears  red, 
then  whitish  gray,  and  thickens.  It 
may  then  become  yellowish  gray  or 
brown,  and  shows  a  characteristic 
tendency  to  spread.  It  peels  off'  in 
flakes,  leaving  a  red  and  more  or  less 
bloody  surface,  or  in  mild  cases  a  pale 
red  area.  The  surrounding  tissues 
often  become  oedematous  and  swollen, 
causing  dyspnoea,  dysphagia,  etc.,  be- 
sides the  local  soreness.  The  Eu- 
stachian tubes,  the  conjunctivae,  etc., 
may  thus  also  be  involved  by  exten- 
sion. 

The  general  phenomena  are  due  to 
a  very  highly  toxic  substance  pro- 
duced by  the  rapidly  multiplying  bac- 
teria at  the  seat  of  infection  and  ab- 
sorbed mainly  by  the  lymphatics,  the 
lymph-nodes  around  the  local  lesion 
being  soon  large,  tender  and  painful. 
While  small  quantities  only  enter  the 
blood,  the  test-organ,  i.e.,  the  adrenal 
system,  reacts  under  their  influence, 
and  the  proportion  of  auto-antitoxin 
and  leucocytes  (including  phagocytes) 
is  greatly  increased,  as  shown  by  the 
fever,  which  sometimes  reaches  104° 
F.  This  period  of  active  defense  is 
of  short  duration:  When  a  certain 
proportion  of  diphtheria  toxin  is  al- 
lowed to  accumulate  in  the  blood,  the 
test-organ  is  paralyzed  by  the  poison 
and  extreme  prostration,  a  feeble  and 
rapid  pulse,  and  death  from  heart- 
failure  occur  in  rapid  succession.  In 
very  severe  cases  paralysis  of  the  ad- 
renal system  may  occur  at  the  outset, 
the  patient  dying  almost  immediately. 

Treatment:  Three  indications  im- 
pose themselves:  (1)  to  flood  the 
blood  at  once  with  auto-antitoxin; 
(2)  to  sustain  the  functional  effi- 
ciency of  the  adrenal  system  and, 
therefore,  insure  the  continuous  pro- 
duction of  auto-antitoxin;    (3)  to  ar- 
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rest  the  multiplication  of  diphtheria 
bacilli  and  the  production  of  toxin. 

Auto-antitoxin  being  naught  else 
than  antitoxin,  the  latter  should  be 
used  at  once  when  there  is  any  evi- 
dence whatever  that  diphtheria  is 
present,  an  affirmative  bacterial  diag- 
nosis being  regarded  only  in  the  light 
of  a  confirmatory  procedure.  The 
antitoxin  can  do  no  harm;  to  await 
an  official  report  compromises  the 
issue.  The  second  indication  is  met 
by  biniodide  of  mercury,  which,  by 
powerfully  stimulating  the  test-organ, 
not  only  antagonizes  tlie  paralyzing 
influence  of  the  toxin,  but  increases 
also  the  proportion  of  auto-antitoxiu 
and  thyroidase  produced.  Its  use 
should  be  begun  at  once;  it  can  be 
injected  intravenously  (dissolved  in 
twenty  drops  of  sterilized  water)  if 
the  patient  cannot  swallow.  The 
third  indication  is  met  by  the  local 
application  of  a  10-per-cent.  solution 
of  potassium  permanganate  around 
the  margin  of  the  false  membrane 
and  under  the  latter  if  possible,  on 
tiie  surfaces  over  which  it  tends  to 
spread,  and  over  the  surface?  from 
which  false  membrane  has  become  de- 
tached. The  value  of  this  salt  is 
due  to  its  powerful  oxidizing  action, 
which  sustains  the  bacteriolytic  ac- 
tivity of  the  secretions.  Peroxide  of 
hydrogen  acts  similarly;  mixed  with 
an  equal  quantity  of  DobelVs  solu- 
tion, it  should  be  sprayed  frequently 
and  freely  into  the  nasal  cavities  and 
over  the  pharynx. 

Prophylaxis.  The  value  of  anti- 
toxin as  such  is  self-evident,  but  by 
increasing  the  formation  of  auto-anti- 
toxin: calomel  in  small  doses  until 
green  stools  are  produced,  still  greater 
protection  can  be  afforded. 

Dropsy    1383,  1388 

Dysentery    1377,  1380.  1386 

An  inflammatory  disorder  of  the 
colon  involving  at  times  the  small 
intestine,  three  distinct  forms  of  which 
are  recognized:  (1)  The  acute  catar- 
rhal, due  to  excessive  activity  and  the 
resulting  hypersemia  of  the  entire  mu- 
cosa, brought  on:  either  by  the  elim- 
ination through  the  latter  of  detritus, 
wastes,  toxins,  etc.,  in  excessive  quan- 
tities in  the  course  of  general  infec- 
tions, especially  the  acute  exanthem- 
ata and  tuberculosis;   or,  by  the  irri- 


tating action  of  indigestible  foods, 
unripe  fruit,  etc.,  particularly  during 
the  summer  months  while  the  func- 
tional activity  of  tlie  adrenal  system 
is  more  or  less  depressed.  (2)  The 
pseudo-membranous,  due  to  the  dys- 
entery bacillus  of  Shiga,  very  similar 
morphologically  to  the  typhoid  bacil- 
lus, which  acts  directly  upon  the  mu- 
cosa of  the  colon^  especially  in  indi- 
viduals debilitated  by  malaria,  pro- 
voking through  its  toxin  a  local  pro- 
cess akin  to  that  of  diphtheria  in  the 
naso-pharynx.  This  includes  the  false 
membrane,  formed  mainly  of  dead 
phagocytic  leucocytes,  fibrin,  etc.,  and 
containing  specific  bacilli.  It  first 
appears  in  the  rectum  and  extends 
upward  along  the  sigmoid  flexure,  the 
descending  colon,  etc.,  according  to 
the  severity  of  the  case,  the  under- 
lying mucosa  being  hyperaemic,  show- 
ing here  and  there  bleeding  points, 
and  covered  with  blood-stained  mu- 
cus. Perforation  of  the  intestine  and 
other  complications,  hepatic  abscess, 
paralysis,  etc.,  most  cases  dying  in 
extreme  adynamia.  (3)  The  amwbic, 
caused  by  the  amoeba  coli,  a  phago- 
cytic, motile  organism,  which  shows  a 
special  predilection  for  red  corpus- 
cles. It  produces  ulceration  of  the 
mucosa  and  submucosa,  and  occasion- 
ally of  the  muscular  coat  and  even  of 
the  peritoneal  coat.  The  area  at- 
tacked is  first  transformed  into  a 
gelatinous  mass,  composed  mainly  of 
detritus  containing  the  amoeba,  which 
mass  on  becoming  detached  forms  the 
ulcer.  The  latter  then  becomes  in- 
vaded by  connective  tissue  which  fills 
the  gap  in  the  mucosa,  but  without 
restoring  its  function.  Abscesses  and 
necrotic  areas  may  also  occur  in  the 
liver  in  this  form,  owing  to  migration 
of  amoebiB  into  the  mesenteric  vessels 
and  the  portal  system;  and  these  ab- 
scesses may  in  turn  break  into  the 
adjoining  pulmonary  tissues.  Death 
may  occur  in  from  one  to  three  weeks 
or  the  disease  may  assume  a  chronic 

type- 
Diarrhoea,  abdominal  cramps  and 
tenesmiis  and  more  or  less  fever  occur 
in  all  forms,  but  in  the  pseudo-mCm- 
branous  form  these  symptoms  are 
very  severe,  the  stools  contain  more 
blood,  and  there  is  profound  weak- 
ness. The  nresence  of  the  Shiga  ba- 
cillus or  of  the  amoeba  in  the  stools 
distinguishes  these  forms  from  the  ca- 
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tarrhal  type.  All  three  may  become 
chronic,  especially  pseudo-membranous 
dysentery. 

Treatment:  In  all  forms  the  aim 
should  be  to  flush  the  colon  with  auto- 
antitoxin-laden  intestinal  juice.  This 
is  most  efficiently  done  by  means  of 
magnesium  sulphate,  two  drachms 
every  hour,  until  copious  watery 
stools  are  obtained.  Thyroid  extract 
3  grains,  or  if  not  available,  binio- 
dide  of  mercurif  grain,  or  iodo- 
form (also  a  powerful  adrenal  stimu- 
lant) 2  grains  t.i.d.,  sliould  then  be 
given  four  days  and  the  purgation 
renewed.  This  course  should  be  re- 
peated until  the  stools  contain  no 
mucus,  blood,  bacilli  dysenteriiE  or 
amoebae,  as  the  case  may  be.  The 
ipecac  method,  used  in  the  amffibic 
type,  acts  much  in  the  same  way  in- 
directly, viz.,  by  depressing  the  sym- 
pathetic center  and  cavising  dilation 
of  all  arterioles,  including  those  of 
the  intestine,  and  engorgement  of 
their  secretory  elements.  CJne  dose  of 
20  to  60  grains  is  given  on  an  empty 
stomach,  its  efTects  being  controlled 
by  a  preliminary  dose  of  laudanum. 
Opiates  are  almost  necessary  to  con- 
trol the  pain,  but  as  they  produce 
their  eff'ect  by  constriction  of  the  ar- 
terioles they  interfere  with  the  cura- 
tive process.  The  tenesmus  is  a  most 
trying  symptom  which  may  be  con- 
trolled by  opium  suppositories.  In 
the  amoebic  form,  0.1  to  0.2  per  cent. 
quinine  enemata  at  105°  F.  aid  the 
curative  process.  A  similar  solution 
of  silver  nitrate  is  effective,  especially 
in  the  chronic  form,  without  interfer- 
ing with  the  action  of  the  intestinal 
juice.  In  tropical  countries  espe- 
cially, alkaline  beverages  or  saline  so- 
lution hypodermically  are  indicated  to 
enhance  the  osmotic  properties  of  the 
blood  and  fluids,  including  those  which 
constitute  the  intestinal  juice. 

Scrum  therapy  has  been  tried  with 
some  success  in  dysentery.  Its  value 
is  self  evident  in  the  light  of  the  fore- 
going facts  and  in  view  of  the  identity 
of  all  antitoxins  as  auto-antitoxin. 
This  suggests  that  its  use  in  all  eases 
would  prove  a  powerful  adjunct  to 
the  measures  recommended  above. 

The  diet  should  be  such  as  to  avoid 
the  passage  of  much  detritus  in  the 
intestine,  but  it  should  include  foods 
calculated  to  sustain  the  patient's 
strength. 


Dysmenorrhoea  1215,  1289,  1293 

1354,  1387. 

Eclampsia,  Puerperal.    See  Puerperal 
Eclampsia. 

Eczema,  Chronic   1383 

Emphysema,  Vesicular. 

Characterized  by  abnormal  disten- 
sion, succeeded  by  atrophy,  of  the  air- 
cells,  and  due  to  the  persistent  cough- 
ing of  chronic  bronchitis,  tiie  resis- 
tance to  the  egress  of  air  in  asthma, 
to  glass-blowing,  plaj'ing  of  wind 
instruments,  and  other  conditions 
which  impose  considerable  strain  up- 
on the  cells.  The  atrophy  involving 
the  capillaries  of  the  alveolar  walls, 
the  oxygenation  of  the  blood  is  cor- 
respondingly inhibited;  hence  the 
marked  dyspnoea,  and  in  marked  in- 
stances, cyanosis,  observed  in  these 
cases. 

Treatment:  The  indications  are  to 
increase  the  blood  supplied  to  what 
normal  alveoli  rernain,  by  causing 
dilation  of  tlie  arterioles  or  by  in- 
creasing their  propulsive  activity, 
and  simultaneously  the  power  of  the 
blood  to  absorb  oxygen.  Hence  the 
value  of  belladonna  or  atropine, 
which  meet  both  these  requirements 
by  stimulating  the  sympathetic  cen- 
ter and  the  adrenal  system,  and  that 
of  potassium  iodide,  which  also  ex- 
cites the  latter  and  increases  still 
further  thereby  the  proportion  of 
adrenoxidase  in  the  blood.  Given 
jointly  these  agents  ai'e  very  effective 
and  tend  moreover,  by  increasing  the 
nutrition  of  the  alveolar  walls,  to 
counteract  the  disease  itself.  When 
it  becomes  necessary  to  interrupt  the 
treatment  owing  to  the  action  of 
belladonna  on  the  pupil,  iodism,  etc., 
strychnine,  by  sustaining  the  fimc- 
lional  activity  of  the  adrenal  system 
and  a  high  blood-pressure  which 
keeps  the  normal  pulmonary  capil- 
laries hypersemic,  is  very  efficient. 
In  obese  subjects,  thyroid  extract  in 
small  doses  may  also  be  used  with 
advantage. 

Attacks  of  acute  dyspnoea  or  cyan- 
osis are  promptly  counteracted  by 
inhalations  of  amyl  nitrite  or  the  use 
of  stramonium  cigarettes  employed  in 
the  treatment  of  acute  asthma.  The 
latter  disease  is  often  present  simul- 
taneously;   in   such   eases  the  diet 
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should  not  include  much  meat  or 
other  foods  which  lead  to  the  forma- 
tion of  nuclein  wastes  in  large  quan- 
tities. 

Encephalitis,  Acute  Suppurative;  or 
Cerebral  Abscess. 

Inflammation  of  the  brain  with  the 
formation  of  pus  may  be  caused  by 
the  migration  of  bacteria  from  ad- 
joining foci,  such  as  nasal,  aural, 
mastoid  abscesses;  or  from  emboli 
from  the  heart  in  endocarditis;  from 
the  lungs  in  pulmonary  gangrene  or 
abscess;  from  hepatic  abscess,  carious 
bones,  etc.,  or  by  bacteria  in  the 
course  of  septicsemia,  influenza,  ery- 
sipelas, etc.  It  may  also  follow  cere- 
bral traumatisms,  blows,  etc.  The 
symptoms  of  a  septic  fever  are  usu- 
ally present,  with  vomiting,  vertigo, 
mental  torpor,  optic  neuritis,  delir- 
ium, and  coma,  preceded  in  some 
cases  by  epileptoid  convulsions.  The 
symptoms  resemble  those  of  menin- 
gitis, with  which  encephalitis  is  often 
associated. 

The  encephalic  abscess  may  be 
chronic  and  slow  in  development, 
causing  slight  headache,  vertigo,  irri- 
tability and  even  convulsive  seizures 
and  other  phenomena  of  the  acute 
form.  They  differ  from  those  of  cere- 
bral tumor  in  that  they  include  fever. 

Treatment:  Besides  surgical  meas- 
ures to  the  source  of  infection  if,  as 
in  mastoid  abscess,  they  are  within 
reach,  an  important  feature  is  to  en- 
hance the  bacteriolytic  and  antitoxic 
properties  of  the  blood  by  means  of 
thyroid  extract,  which  not  only  pro- 
vokes the  formation  of  an  excess  of 
auto-antitoxin,  but  also  of  thyroidase 
(opsonin)  which  renders  the  patho- 
genic bacteria  vulnerable  to  the 
pnagocytes.  Saline  solution  intra- 
venously or  hypodermically  is  also 
indicated  to  facilitate  osmosis  and, 
therefore,  tne  evacuation  of  the  ab- 
scess. 

Endarteritis    Chronica  Deformans. 

See  Arteriosclerosis. 

Endocarditis. 

Not  due,  as  now  taught,  to  direct 
infection  of  the  valves  or  endocar- 
dium. Whether  simple,  malignant, 
or  chronic,  it  is  always  due  to  auto- 
lysis of  the  cardiac  tissues  by  the 
blood  when  it  contains  a  marked  ex- 


cess of  auto-antitoxin  and  thyroidase, 
as  may  be  the  case  in  any  of  the 
diseases  which  provoke  endocarditis. 
Hence  the  usual  presence  of  the  abra- 
sions along  the  line  of  contact  of  the 
leaflets,  their  surface,  and  the  wall  of 
the  cardiac  cavity  of  the  left  ven- 
tricle, that  through  which  arterial 
blood  circulates  with  greater  vigor 
than  elsewhere  in  the  body  owing  to 
the  ventricular  contractions.  The 
occasional  presence  of  bacteria  in  the 
legions  is  but  an  adventitious  circum- 
stance of  the  causative  general  dis- 
ease, the  vegetations  being  efforts  at 
local  repair. 

Treatment:  This  disease  would 
occur  very  infrequently  were  the 
blood's  fluidity  and  osmotic  proper- 
ties preserved  by  the  use  of  saline 
solution  in  all  infections :  when  en- 
docarditis is  present,  small  doses,  in- 
travenously. Bromides  to  reduce  the 
blood-pressure  and  the  friction  of  the 
blood  column  upon  the  endocardium. 
Veratrum  viride  if  the  blood-pressure 
is  excessive,  the  patient  keeping  the 
recumbent  position.  Free  use  of  al- 
kaline waters  is  also  indicated  to 
facilitate  the  elimination  of  detritus. 

Contraindicated :  Quinine,  digi- 
talis, and  all  agents  which  tend  to 
raise  the  blood-pressure,  including 
opium,  which  does  so  by  causing  con- 
striction of  all  arterioles. 

Enteritis,  Acute,  treated  in  full.  1750 

Enteritis,   Chrome,   treated  in 

full    1753 

Epilepsy,  treated  in  full   1454 

Erysipelas   1215,  1383 

An  acute  dermatitis  due  to  infec- 
tion of  an  abraded  surface  by  the 
streptococcus  erysipelatis  of  Fehlei- 
sen,  characterized  by  a  tendency  to 
spread. 

Treatment:  To  insure  prompt 
aestruction  of  the  pathogenic  germs: 
iiniodide  of  mercury  (Vio  grain)  and 
iodoform  ( 1  grain )  every  three  hours, 
the  former  to  increase  the  au^o-anti- 
toxin,  and  the  latter  the  thyroidase 
of  the  blood.  If  tne  case  is  severe, 
pilocarpin  V„  grain  every  three  hours 
hypodermically,  to  increase  the  pro- 
pulsive activity  of  the  arterioles  and 
thus  drive  the  blood  laden  with  auto- 
antitoxin  into  the  infected  tissues. 
Lead-water  locally. 
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Exophthalmic  Goiter   152 

t'luuacteiized  by  exophthalmos, 
goiter  and  a  rapid  pulse  in  suffi- 
ciently advanced  cases,  and  showing 
two  distinct  stages:  the  first  or 
sthenic,  in  which,  besides  the  fore- 
going symptoms,  there  are  headache, 
irritabiiity,  excitability  and  even 
mania,  cramps  in  the  limbs,  flushing 
and  superficial  heat,  intense  thirst, 
a  ravenous  appetite,  and  other  signs 
pointing  to  excessive  general  meta- 
bolism; and  the  asthenic  -stage, 
which  is  not  always  reached:  mental 
torpor,  melancholia,  weakness,  vari- 
ous forms  of  motor  paralysis,  pallor, 
general  marasmus,  dental  caries,  levi- 
coderma,  bronzing,  diarrhoea  and  per- 
sistent terminal  vomiting  and  other 
phenomena  denoting  a  steady  decline 
of  metabolic  activity  until  death  is 
reached. 

Due  to  the  continued  presence  in 
the  blood  of  any  poisonous  substance, 
the  toxins  of  various  germs,  toxic 
wastes  such  as  those  that  accumu- 
late during  fatigue,  menopause,  etc., 
digestive  auto-toxins,  etc.,  which  per- 
sistently excite  the  text-organ  and 
through  it  the  thyroid  gland  and  ad- 
renals, c.iusing  marked  congestion 
and  swelling  of  the  former,  and 
hyperactivity  of  the  latter,  and  there- 
fore excessive  metabolic  activity — the 
characteristic  of  the  sthenic  stage. 

Treatment :  During  the  sthenic 
stage,  measures  to  reduce  the  sensi- 
tiveness of  the  test-organ:  the  hro- 
mides  or  veratrum  viride  and  if  the 
case  be  due  to  intestinal  auto-intoxi- 
cation, frequent  saline  purgation  and 
the  avoidance  of  meat;  in  the  earlier 
stages  a  prolonged  milk  diet.  All 
adrenal  stimulants,  especially  digi- 
talis, are  contraindicated.  In  cases 
due  to  menopause  thyroid  extract  in 
small  doses  sometimes  effective,  to 
provoke  catabolism  of  toxic  wastes. 

During  the  asthenic  stage  the  aim 
should  be  to  aid  the  broken  down 
nervous  system  by  means  of  adrenal 
and  thyroid  extracts  internally,  and 
if  need  be,  injections  of  antitoxin. 
When  these  cannot  be  obtained, 
strychnine  or  nux  vomica,  to  incite 
general  nutrition  and  oxygenation. 
A  free  supply  of  nutritious  food  is 
necessary  in  both  stages. 

Fibrinous    Pneumonia.     See  Pneu- 
monia. 


Fractures   1143 

Gastralgia. 

Acute  pain  in  the  epigastrium,  is 
caused  by  paroxysmal  hypersemia  of 
the  nervi  nervorum  of  the  underlying 
structures.  In  the  aniemic  it  is  due 
to  relaxation  of  the  arterioles  which 
supply  the  painful  area,  and  in 
sthenic  individuals,  to  excessive  pro- 
pulsive activity  of  these  vessels. 

Treatment:  The  camphorated  tinc- 
ture of  opium,  morphine,  or  acetani- 
lid,  to  cause  constriction  of  the  ar- 
terioles; or  bromides,  chloral,  or- 
veratrum  viride,  to  lower  the  blood- 
pressure  and  cause  the  blood  to 
recede  into  the  deeper  and  larger 
vessels  and  thus  relieve  the  congested 
nerves. 

Gastrectasia. 

Dilatation  of  the  stomach,  may  be 
due  ( 1 )  tc  mechanical  factors,  forced 
expansion  of  the  organ  through  over- 
eating or  drinking,  obstruction  of  the 
pylorus  by  tumors,  scar-tissue,  or 
pressure,  as  by  a  tight  corset,  etc., 
and  (2)  to  atony  of  the  walls  of  the 
stomach.  The  latter  form,  that  most 
frequently  met  with,  is  due  to  hypo- 
metabolism  in  the  gastric  muscles 
(as  well  as  in  others)  owing  to  de- 
pression of  the  functional  activity  of 
the  adrenal  system  in  the  course  of 
debilitating  diseases,  anaemia,  spinal 
disorders,  tuberculosis,  etc. 

Treatment:  Removal,  if  possible, 
of  the  cause.  In  the  form  due  to 
atony,  strychnine  in  addition,  in  in- 
creasing doses  until  V20  grain  is  given 
t.i.d.,  or  thyroid  extract  in  small 
doses.  Blaud's  pill  in  cases  due  to 
anaemia,  with  the  strychnine.  When 
the  digestion  is  very  imperfect,  pep- 
sin or  dilute  nitro-muriatic  acid,  the 
latter  to  increase  the  production  of 
pancreatic  juice.  In  severe-  cases, 
lavage  in  addition,  especially  if  there 
is  marked  fermentation  of  ingesta, 
the  diet  being  adjusted  to  the  needs 
of  the  case.  Mercurial  purgatives, 
especially  calomel,  at  intervals. 

General    Paralysis.     See  Dementia 
Paralytica. 

German  Measles.    See  Rubella. 

Glycosuria.    See  Diabetes  Mellitus. 

Glycosuria,  Asthenic.    See  Asthenic 
Glycosuria. 
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Glycosuria,     Toxic  (Depressants). 

See  Asthenic  Glycosuria. 

Glycosuria,  Traumatic.    See  Asthenic 
Glycosuria. 

Gout    and    Gouty  Diathesis, 

treated  in  full   1500 

Hemophilia,  treated  in  full.  .  .  .  1791 
Haemorrhage,  Post-partum   138G 

Haemorrhage,  Uterine 

(Fibroids)   1386 

Hay  Fever.    See  Hyperasthetic  Rhi- 
nitis. 

Headache,  Bilious.    See  Migraine. 

Headache,  Sick.    See  Migraine. 

Heart,  Dilatation  of .  .  .  .  1175,  1221, 
1224,  1225,  1231,  1239. 

Heat-stroke.      (Insolation,  sun- 
stroke.) 

Due  to  the  accumulation  of  wastes 
products  in  the  blood.  The  normal 
temperature  of  the  body  being  that 
at  which  metabolism  is  carried  on 
safely,  when  the  temperature  of  the 
surface  exceeds  a  certain  limit  the 
proteolytic  activity  of  the  ferments 
(trypsin,  adrenoxidase,  etc.,)  which 
insure  catabolism  becomes  excessive 
in  proportion.  The  waste-products 
then  accumulate  in  the  blood  to  such 
a  degree  that  the  vasomotor  center 
is  violently  stimulated  and  the  vas- 
cular tension  becomes  such  that  in- 
tense venous  congestion,  pulmonary 
oedema  and  other  conditions  indicat- 
ing intense  blood-pressure  are  pro- 
duced— life  in  some  instances  being 
arrested  almost  instantly. 

Treatment:  To  restore  the  normal 
temperature  of  the  blood  is  beneficial, 
but  to  lower  it  excessively  with  ice 
causes  an  excessive  formation  of  toxic 
wastes  by  inhibiting  catabolism. 
Hence  bathing  or,  in  the  absence  of 
a  tub,  sponging  with  water  at  90°  F. 
to  promote  the  dissipation  of  heat. 
Simultaneously  saline  solution  at 
100°  F.  (thus  reaching  the  tissues 
at  the  normal  temperature)  intraven- 
ously, injecting  one  quart  slowly.  By 
liquefying  the  blood  and  promoting 
osmosis,  much  of  the  wastes  pass  out 
of  the  vessels  into  the  tissues,  and 


are  eliminated  with  the  excretions. 
Blood-letting  -prior  to  injection,  if 
the  venous  engorgement  is  marked. 
Also  nitrite  of  amyl  inhalations  to 
relax  the  arterioles,  and  also  the 
arteries  if  its  use  is  prolonged. 
Chloral  hydrate,  orally  if  possible, 
but  if  not,  by  enema ;  or  veratrum 
viride  hypodermically.  Painting  of 
guaiacol  over  an  area  about  six 
inches  square  over  the  chest  or  back 
helps  markedly  to  lower  the  blood- 
pressure. 

Hemicrania.    See  Migraine. 
Herpes  Zoster.    See  Neuralgia. 
Hydrophobia.    See  Rabies. 

Hyperaesthetic  Rhinitis, 

treated  in  full   1709 

Hysteria    1380 

Due  to  hypersesthesia  of  the  various 
centers  of  the  posterior  pituitary 
body  (the  sensorium  commune),  the 
result,  in  turn,  of  hyperaemia  of  its 
nervous  elements.  This  hyperemia 
may  be  caused  or  increased  by  any 
condition  which  provokes  a  marked 
and  frequent  rise  of  the  vascular 
tension:  frequently  repeated  sexual 
orgasm,  chorea,  anger,  shock,  worry, 
prolonged  febrile  processes,  excessive 
mental  labor,  alcoholism,  morphinism, 
etc.,  and  in  delicate  girls,  by  auto- 
toxins  of  intestinal  origin,  or  inade- 
quately broken  down  wastes. 

The  general  nerve  centers  being 
constantly  hyper£Bsthetie,  an  attack 
is  readily  induced  by  any  condition 
which  increases  temporarily  their 
hyperemia :  excitement,  joy,  grief, 
fear,  etc.,  or  which  submits  them  to 
too  sudden  a  concussion :  a  loud  noise, 
a  horrifying  sight,  a  severe  pain,  etc. 
The  mental,  sensory,  motor  and  secre- 
tory morbid  phenomena  witnessed  are 
all  due  to  imperfect  coordination  of 
the  circulation  of  the  organs  inter- 
ested, including  those  of  special  sense, 
when,  as  is  frequently  the  case,  vision, 
hearing,  smell  and  taste  are  impaired. 

Attacks  of  hystero-epilepsy  are  but 
violent  exacerbations  of  the  morbid 
process  in  which  the  muscles,  the  cor- 
tex and  the  spinal  motor  cells  are 
abnormally  hyperaemic. 

Treatment:  The  belief  of  many 
that  attacks  of  hysteria  are  artificial 
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is  based  only  upon  the  ignorance  of 
those  who  have  advanced  this  view. 
Hysterical  subjects  should  be  treated 
as'  solicitously  as  epileptics. 

The  Weir  Mitchell  treatment  is 
eminently  adaptable  to  such  cases, 
the  result  attained  being  reduction  of 
the  central  hyperaemia  by  enforced 
rest  and  appropriate  dietetic  meas- 
ures. In  those  who  cannot  avail 
themselves  of  this  method:  arsenic 
to  depress  the  functional  activity  of 
the  adrenal  system  and  reduce  gen- 
eral oxygenation,  including  that  of 
the  hypertesthetic  centers.  On  retir-  ! 
ing,  potassium  bromide  alternating 
with  veratrum  viride  to  depress  the 
vasomotor  center  and  facilitate  isch- 
a'mia  of  the  same  centers  during 
sleep.  Occasional  saline  purgatives 
to  keep  the  bowels  free  of  any  pro- 
ducts which  when  absorbed  tend  to 
increase  the  vascular  tension.  Physi- 
cal rest  to  prevent  the  accumulation 
of  wastes,  which  do  likewise. 

During  attacks,  apomorphme  hypo- 
dermically  to  cause  relaxation  of  the 
arterioles.  In  severe  cases  and  in 
hvstero-epilepsy,  this  may  be  pre- 
ceded by  inhalations  of  amyl  nitrite 
to  produce  a  similar  eflfect  promptly. 
When  prolonged  these  inhalations  de- 
press both  the  sympathetic  and  vaso- 
motor centers.  In  all  cases  saline 
solution  hypodermically  or  as  enema 
is  very  useful  to  increase  the  fluidity 
of  the  blood  and  inhibit  the  irrita- 
bility of  the  centers  in  the  posterior 
pituitary. 

Idiopathic  Anaemia.    See  Pernicious 
Ansemia. 

Ileo-colitis,    Acute.     See  Enteritis, 
Acute. 

Infantile  Convulsions,  1.323,  1324, 
1325,  1472, 
Like  epilepsy,  tetanus,  eclampsia, 
etc.,  infantile  convulsions  are  due  to 
the  accumulation  of  wastes,  toxins, 
etc.,  in  the  blood.  These  poisons  by 
exciting  violently  the  vasomotor  cen- 
ter provoke  intense  hyperaemia  of  the 
cortex  and  of  the  spinal  system,  the 
direct  cause  of  the  paroxysms.  This 
applies  as  well  to  cases  due  to  teeth- 
ing: the  accumxilation  of  wastes  oc- 
curring in  the  tissues  as  a  result  of 
deficient  oxygenation  caused  by  reflex 
constriction  of  all  arterioles  through 


the  (reflexly)  irritated  sympathetic 
center,  the  most  sensitive  of  the  sen- 
sorium  commune. 

Treatment:  A  few  whilfs  of  a7nyl 
nitrite  in  teething  convulsions  suliice 
to  arrest  them,  in  most  instances  by 
causing  relaxation  of  the  arterioles; 
sweet  spirits  of  nitre  to  sustain  the 
effect.  A  icarm  hath  to  draw  the 
blood  to  the  surface  and  deplete  the 
hyperaemic  centers;  the  addition  of 
mustard  to  the  bath.  In  severe  cases, 
apo  morphine  hypodermicallyor 
chloral  by  enema. 

The  cau'se  of  the  con%'ulsions  should 
of  course  receive  attention. 

Infantile  Diarrhoea,  treated  in 

full    1742 

Influenza. 

An  infectious  disease  due  lo  the 
toxin  of  the  bacillus  influenza  of 
Pfeiffer,  which  depresses  the  functions 
of  the  sympathetic  center  of  the  pos- 
terior pituitary.  The  arterioles  of 
the  entire  body  being  relaxed,  there 
is  catarrhal  congestion  of  the  respira- 
tory tract,  relaxation  of  the  gastro- 
intestinal mucosa,  hyperaemia  of  the 
cerebro-spinal  and  muscular  systems, 
etc.,  with  the  attending  symptoms, 
according  to  the  area  in  which  the 
vascular  dilatation  is  most  marked. 
The  circulation  being  slowed  in  the 
capillaries,  the  protective  functions 
are  inhibited  in  the  pulmonary  and 
intestinal  tracts  and  the  patient  is 
exposed  to  infection  especially  by  the 
pneumococcus,  which  is  invariably 
present  in  the  bronchi. 

Treatment:  "  To  counteract  the  de- 
pression of  the  sympathetic  center 
and  restore  tne  arterioles  to  their 
normal  caliber,  acetanilid  or  opium, 
preferably  the  camphorated  tincture. 
To  produce  the  same  effect  and  in- 
crease simultaneously  the  bactericidal 
and  antitoxic  properties  of  the  blood, 
tincture  of  belladonna  5  drops  and 
potassium  iodide  5  grains  every  three 
hours,  the  former  stimulating  both 
the  sympathetic  center  and  the  test- 
organ,  and  the  latter  the  test-organ 
and  the  thyroid.  Quinine  also  ex- 
cites the  s^nnpathetic  center,  but  only 
in  large  doses. 

Insolation.    See  Heat-stroke. 

Insomnia,    12.58,    1279,    1281,  1323, 
1324,  1325. 
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Intestinal  Catarrh,  Acute.    See  En- 
teritis, Acute. 

Intestinal  Haemorrhage.  .  .1176,  1281 

Lactation,  Prolonged   1258 

lead  Colic   1281,  1377 

Leprosy. 

An  infectious  disease  due  to  the 
bacillus  leprtE  of  Hansen,  transmitted 
mainly  through  dust  contaminated 
with  these  germs  by  the  expectoration 
and  nasal  discharges  of  sufi'ers.  The 
tubercular  form  is  the  result  of  an 
effort  by  phagocytes,  epithelioid  cells 
and  giant  macrophages  to  segregate 
the  germs  and  destroy  them  in  the 
skin,  mucous  membranes,  viscera,  etc., 
but  the  tubercles  tend  to  break  down, 
leaving  ulcers.  These  ulcers  are  due 
to  the  deoxidizing  or  reducing  action 
of  the  germs  on  the  adrenoxidase  of 
the  cellular  elements  they  penetrate 
when  the  intra-tubercular  phagocytes 
and  tlie  blood's  auto-antitoxin  are 
imable  to  prevent  it.  This  destructive 
action  is  usually  such  as  to  cause  the 
loss  of  phalanges,  toes,  ears,  etc.,  and 
other  deformities.  The  anwsthetic 
form  is  due  to  the  invasion  of  nerves 
by  the  germs  through  tlie  intermedi- 
ary of  the  plasma  circulating  in  the 
axis-cylinders,  neuro-fibrils,  etc.,  and 
in  the  perineural  capillaries.  At  first 
a  defensive  local  reaction,  attended  by 
the  immigration  of  microphages  and 
macrophages,  thickening  and  conges- 
tion of  the  nerve,  occurs.  The  result- 
ing organic  lesions  finally  become 
such  that  the  nerves  can  no  longer 
carry  on  their  sensory  or  motor  func- 
tions, and  hyperesthesia  and  deficienr 
nutrition  of  the  organs  to  which  they 
are  distributed  follow. 

Treatment:  The  aim  should  be  to 
destroy  the  bacteria  by  increasing  the 
aggressive  power  of  the  phagocytes 
and  the  bacteriolytic  activity  of  the 
blood.  Thyroid  extract  3  grains  t.i.d., 
(in  adults)  to  increase  the  thyroidase 
(opsonin)  with,  after  one  week,  iodide 
of  mercury  Vis  grain  also  t.i.d.,  re- 
ducing the  dose  slightly  if  salivation 
appears.  At  least  one  quart  of  some 
saline  mineral  water  daily  to  preserve 
the  fluidity  of  the  blood  and  thus  in- 
sure the  free  penetration  of  the  bac- 
teriolytic plasma  into  all  capillaries 
and  neuro-fibrils,  and  the  prompt 
elimination  of  the  increased  wastes. 


The  diet  should  include  a  free  supply 
of  vegetables  and  fruit  to  provide  the 
blood  witli  alkaline  salts,  and  keep 
the  bowels  open. 

Leukemia. 

Due  to  the  simultaneous  occur- 
rence of  depression  of  the  functional 
activity  of  the  adrenal  system  and  de- 
ficient alkalinity  of  the  body  fluids. 
The  blood  being  poor  in  auto-anti- 
toxin, the  destruction  of  worn-out 
leucocytes  in  the  blood  itself  and  in 
the  spleen  is  inadequate,  and  tne  un- 
destroyed  and  partially  disintegrated 
leucocytes  accumulate  not  only  in  the 
blood  and  spleen,  but  also  in  the  bone- 
marrow  where  the  newly  formed  cells 
are  to  a  great  extent  retained.  The 
impaired  osmotic  property  of  the 
blood  and  lymph,  itself  due  to  defi- 
ciency of  alkaline  salts  in  these  fluids, 
favors  the  retention  of  leucocytes  in 
all  these  organs. 

Treatment:  To  enhance  the  func- 
tional activity  of  the  adrenal  system 
and  increase  the  blood's  proteolytic 
activity,  thyroid  extract  3  grains  t.i.d. 
in  adults,  with  oxygen  inhalations,  or 
systematic  daily  courses  of  deep 
breathing  in  the  open  air.  After  one 
week,  saline  solution  intravenously, 
six  ounces  being  injected  slowly  every 
other  day.  Free  use  of  alkaline 
waters  to  facilitate  the  elimination 
of  detritus  by  the  intestinal  and 
urinary  systems. 

Lithsemia.    See  Gout. 

Little  Tetanus.    See  Tetany. 

Lobar  Pneumonial   See  Pneumonia. 

Lobular  Pneumonia.     See  Broncho- 
pneumonia. 

Lockjaw.    See  Tetanus. 

Lues.    See  Syphilis. 

Lyssa.    See  Rabies. 

Malarial  Fever  1245,  1246,  1318 

Due  to  the  presence  of  the  Plas- 
modium malariae  of  Laveran  in  the 
red  corpuscles,  and  characterized  by  a 
periodical  or  intermittent  increase  of 
auto-antitoxin  in  the  blood  having  for 
its  purpose  the  destruction  of  the 
pathogenic  parasite.  This  process, 
i,e.,  the  period  of  pyrexia  or  sthenic 
fever,  which  may  last  ten  or  twelve 
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hours,  entails  the  destruction  of  many 
red  corpuscles :  liaeiiiolysis.  Hence  the 
high  temperature  (104  to  107°  F.) 
often  observed,  the  subsequent  hypo- 
tliermia  and  the  gradually  developed 
anismia.  When  the  anaemia  is  marked 
and  persistent,  we  have  the  malarial 
cachexia  ;  when  the  haemolysis  is  such 
as  to  impair  greatly  the  functional 
efficiency  of  the  blood,  the  algid  or 
comatose  type  is  produced,  the  blood 
being  hydraemic.  When  a  temporary 
but  severe  haemolysis  occurs,  hwmo- 
glohinuria  follows,  owing  to  the  elim- 
ination by  the  urine  of  tlie  haemoglo- 
bin derived  from  the  broken-down 
corpuscles. 

Treatment:  The  only  true  specific 
in  this  disease,  quinine,  not  only  poi- 
sons directly  the  plasmodium,  but  by 
exciting  the  vasomotor  center  pro- 
vokes constriction  of  all  arteries,  thus 
causing  a  greater  volume  of  blood  to 
circulate  in  the  capillaries,  where  the 
red  corpuscles  and  their  pathogenic 
organism  are  most  advantageously  ex- 
posed to  the  poison.  Its  action  is 
more  perfect  than  that  of  the  adrenal 
system,  which  destroys  the  red  cor- 
puscles to  reach  its  contents,  the  plas- 
modium. 

Prophylaxis:  Quinine,  especially 
the  hi/drochlorate,  protects  the  body 
against  infection  by  rendering  the 
blood  toxic  to  the  parasite  in  its  vari- 
ous stages  and  by  causing  through  its 
action  on  the  vasomotor  center,  hyper- 
emia of  the  cutaneous  capillaries. 
Inoculation  by  the  mosquito  is  thus 
prevented  by  destruction  of  the  para- 
sitic form  as  soon  as  it  enters  the 
blood. 

Measles.    See  Rubeola. 

Melancholia  1239,  1386 

Meningitis,  Cerebro-spinal.  . . .  1346 
An  inflammation  of  the  membranes 
of  the  brain  and  spinal  cord,  caused 
by  various  bacteria,  particularly  the 
pneumococcus,  the  bacillus  coli  com- 
munis, and  the  various  pyogenic  bac- 
teria; and  in  epidemics  of  the  dis- 
ease, by  the  meningococcus  of  Weich- 
selbaum.  It  develops  in  subjects 
whose  adrenal  system  is  functionally 
depressed  through  fatigue,  exposure, 
defiieient  aeration,  exhausting  dis- 
eases, etc.,  and,  in  infants,  by  artifi- 
cial feeding. 

The  fact  that  the  pneumococcus  is 


the  most  frequent  cause  in  sporadic 
cases  accounts  for  the  frequent  oc- 
currence of  pneumonia  as  a  compli- 
cation in  this  disease. 

Treatment:  At  any  stage  an  im- 
mediate increase  of  thyroidase  (op- 
sonin) and  auto-antitoxin  in  the 
blood  is  imperatively  indicated  to  de- 
stroy the  pathogenic  organisms.  The 
iodide  of  mercury  Vio  grain  orally,  or 
if  the  case  is  marked  or  advanced, 
dissolved  in  fifteen  drops  of  steril- 
ized water,  injected  intravenously 
every  three  hours  (adults),  until 
slight  salivation  occurs,  when  the 
dose  is  to  be  reduced  to  Vio  grain 
every  four  hours,  given  orally.  Simul- 
taneously from  the  start,  fhiiroid  ex- 
tract 2  gi-ains  with  each  dose  of  mer- 
cury, and  saline  solution  hypodermic- 
ally,  or  better,  intravenously,  to  in- 
crease the  fluidity  of  the  blood  and 
facilitate  its  circulation  in  the  cere- 
bro-spinal capillaries,  while  enhanc- 
ing the  elimination  of  wastes. 


Menopause  1145,  1168 

Menorrhagia    1387 

Mental  Torpor    1258 

Metrorrhagia    1387 

Migraine,  treated  in  full   1522 

Morphinism. 


Due  to  hyperexcitation  and  the  re- 
sulting exhaustion  of  the  sympathetic 
center  by  the  excessive  use  of  opium 
or  morphine  (see  p.  1276). 

Treatment:  Absolute  and  immedi- 
ate abstention  from  the  use  of  the 
drug.  To  eliminate  poison  from  the 
organism,  saline  solution  hypoder- 
mically,  or  better,  intravenously. 
Then  to  enhance  general  oxygenation 
and  nutrition  of  the  depraved  center, 
thyroid  extract  3  grains  t.i.d.,  and 
after  one  week,  to  restore  gradually 
the  tone  of  the  sympathetic  center 
and  the  propulsive  activity  of  the  ar- 
terioles it  governs,  atropine  or  its 
physiological  analogue,  hyoscine,  '/loo 
grain  t.i.d. 

If  the  sudden  removal  of  the  mor- 
phine causes  diarrhoea  and  vomiting, 
a  calomel  purge,  by  stimulating  the 
adrenal  system,  counteracts  its  cause, 
excessive  vasodilation,  and  muscular 
relaxation  affecting,  among  others, 
the  gastric  and  intestinal  muscles. 
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The  insomnia  being  due  to  relaxa- 
tion of  all  arterioles,  which  entails 
passive  hyperemia  of  the  cerebro- 
spinal system,  acetanilid  to  stimulate 
the  depressed  sympathetic  center. 
Chloral  and  all  other  drugs  which 
produce  sleep  by  depressing  the  ad- 
renal or  vasomotor  centers  increase 
the  depression  and  should  not  be  used, 
if  possible. 

Mucous     Colitis.       See  Enteritis, 
Chronic. 

Multiple  Neuritis. 

Characterized  by  passive  hyper- 
semia  of  various  peripheral  nerves 
due  to  relaxation  of  the  arterioles 
through  which  their  capillaries,  axis- 
cylinders,  etc.,  are  supplied  with 
blood-plasma.  Tne  propulsive  activ- 
ity of  the  arterioles  being  also  defi- 
cient the  nerves  are  insufficiently 
nourished  and  their  power  to  gener- 
ate nervous  energy  or  impulses  is  im- 
paired. While  the  passive  hyperaemia 
of  which  they  are  the  seat  renders  the 
affected  nerves  and  the  areas  to 
which  they  are  distributed  sensitive 
to  pressure,  the  nutrition  of  these 
areas  is  impaired.  Hence  the  con- 
comitant muscular  tenderness,  wast- 
ing and  paresis. 

The  loss  of  function  of  the  arte- 
rioles is  primarily  due  to  the  action 
of  any  poisons  such  as  alcohol  which 
deoxidize  the  blood;  ergot,  or  toxins 
which  cause  excessive  vasoconstric- 
tion; or  wasting  diseases,  etc.,  which 
reduce  directly  or  indirectly  the  vol- 
ume of  adrenoxidase-laden  plasma 
supplied  to  the  arterioles  by  their 
nutrient  vasa  A'asorum. 

Treatment:  The  elimination  of 
the  cause  is  of  course  the  first  indi- 
cation. To  counteract  the  paresis  of 
the  arterioles  atropine,  with,  if  there 
is  pain,  small  doses  of  morphine  or 
acetanilid.  When  the  pupil  becomes 
dilated  the  atropine  should  be  re- 
placed by  its  analogue,  hyoscine,  Visn 
grain  t.i.d.  Static  electricity  and 
gentle  viassage  are  useful  adjuncts  to 
restore  motion  to  the  paretic  muscles. 

Myxoedema  and  Infantile  Myx- 

oedema  or  Cretinism    165 

Due  to  arrest  of  the  functions  of 
the  thyroid  gland.  Its  secretion  serv- 
ing mainly  to  sustain  the  functional 
efficiency    of    the     test-organ  and 


through  it  that  of  the  adrenals,  ab- 
sence of  this  secretion  is  followed  by 
the  formation  of  insufficient  adren- 
oxidase  to  meet  the  needs  of  physi- 
ological metabolism.  As  all  tissues 
are  inadequately  supplied  with  oxy- 
gen under  these  conditions,  all  func- 
tions are  impaired  in  proportion. 
Hence  the  hypothermia  and  sensation 
of  cold,  due  to  the  deficiency  of  adren- 
oxidase  in  the  blood,  the  mental  tor- 
por, the  adynamia,  the  imperfect  nu- 
trition of  the  skin,  the  relaxation  of 
all  vessels  and  the  resulting  accumu- 
lation of  mucin-like  plasma  in  the 
subcutaneous  tissues,  etc.,  and  finally 
the  vulnerability  to  intercurrent  dis- 
eases, the  deficiency  of  adrenoxidase 
involving  a  corresponding  deficiency 
of  auto-antitoxin  both  in  the  phago- 
cytes and  in  the  blood,  and  also  of 
thyroidase  in  the  latter. 

In  cretinism,  the  same  deficiency  of 
adrenoxidase,  which  entails  a  corres- 
ponding lack  of  trypsin  and  nucleo- 
proteid,  the  three  main  foundations 
of  the  vital  process,  prevents  develop- 
ment of  the  body  and  brain.  Hence, 
in  addition  to  symptoms  of  myx- 
oedema, the  dwarfism  and  idiocy. 

Treatment:  In  adults  thyroid  ex- 
tract 5  grains  t.i.d.  may  be  given.  A 
slight  fever  may  occur  after  a  few 
days,  but  this  indicates  improvement. 
In  children  the  dose  should  not  ex- 
ceed 2  grains  t.i.d.  at  first.  The  con- 
dition of  the  pulse  and  heart  should 
be  frequently  ascertained.  If  they  be- 
come weak  or  irregular,  the  depressor 
nerve  is  being  hypersensitized  and 
the  functions  of  the  pituitary  body 
(found  enlarged  after  death  only  be- 
cause, like  all  other  organs,  it  is  the 
seat  of  marked  hyperaemia)  are  being^ 
inhibited.  Under  these  conditions  the 
use  of  the  extract  should  be  stopped 
a  few  days,  and  then  resumed,  but 
in  smaller  doses. 

Neuralgia,  treated  in  full   152^ 

Neurasthenia,  1175,  1222,  1224,  1231^ 
1239,  1245,  1246,  1258. 
Due  to  exhaustion  of  the  sympa- 
thetic center  and  to  the  resulting  re- 
laxation and  loss  of  propulsive  ac- 
tivity of  the  arterioles.  The  blood 
circulating  through  capillaries  lack- 
ing its  usual  yelocity,  the  functio-ns^ 
of  all  organs  are  correspondingly  de- 
pressed.   Hence  the  inability  to  dcr 
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prolonged  mental  labor,  the  habitual 
fatigue,  the  weakness,  the  gastro- 
intestinal atony,  etc.  Although  the 
speed  of  the  blood-stream  in  the  capil- 
laries is  diminished,  these  small  ves- 
sels are  nevertheless  congested  owing 
to  the  greater  volume  of  blood  ad-  I 
mitted  into  them  by  the  dilated  arte- 
rioles. Hence  the  areas  of  hyperes- 
thesia or  tenderness,  the  muscular 
twitching,  the  neuralgic  pains,  tlie 
pseudo-angina  due  to  hypersemia  of 
cardiac  capillaries,  the  hyperacusis, 
the  dysmenorrhoea,  etc. 

Treatment:  Removal  of  the  cause 
oi  the  disorder.  Hypnotics,  such  as 
sulphonal,  trional,  cliloral,  etc.,  only 
serve  to  aggi'avate  the  disorder  by  de- 
pressing the  vasomotor  center  and  the 
test-organ,  thus  inhibiting  nutrition. 
Acetanilid  or  its  weaker  analogue 
phenacetin,  given  on  retiring  with  a 
tumblerful  of  hot  milk,  not  only 
causes  sleep  by  quieting  the  patient, 
but  as  it  does  so  by  exciting  the  sym- 
pathetic center,  it  aids  the  curative 
process.  To  initiate  the  latter,  atro- 
pine V120  grain  t.i.d.,  followed,  when 
dryness  of  the  throat  or  mydriasis 
appears,  by  hyoscine  hi/drobromate 
'/mo  grain  t.i.d.  to  stimulate  the  sym- 
pathetic center  and  restore  the  pro- 
pulsive activity  of  the  arterioles.  If 
excitement  is  caused  the  bromides 
may  be  u.sed  instead  of  the  coal-tar 
products  on  retiring,  to  depress  some- 
what the  vasomotor  center  and  thus 
reduce  the  capillary  congestion.  »SVa- 
air  and  sea-bathing  are  powerful 
adjuncts.  Coca,  by  gently  stimulat- 
ing the  test-organ,  is-  especially  effec- 
tive in  this  disease,  a  wineglassful  of 
Mariani  coca  wine  being  given  t.i.d. 
(Static  electricity,  by  causing  reflex 
contraction  of  all  peripheral  arte- 
rioles, is  very  beneficial. 

Neuritis,  treated  in  full   1529 

Night-sweats    1215 

Obesity    1145 

A  condition  due  to  deficiency  of 
adrenoxidase  and  pancreatic  ferments 
in  the  blood,  owing  to  functional  de- 
bility of  the  adrenal  system.  The 
carbohydrates  being  inadequately 
broken  down,  fat  accumulates  in  the 
subcutaneous  and  subserous  and  other 
tissues. 

Treatment:     Besides  the  familiar 


dietetic  treatment,  thyroid  extract  to 
enhance  catabolism,  but  not  in  the 
large  doses  usually  prescribed,  which 
provoke  hypercatabolism  and  greatly 
weaken  the  patient.  From  2  to  3 
gi'ains  t.i.d.  are  enough  to  increase 
I  gradually  the  lipolytic  power  of  the 
blood.  Potassium,  iodide  in  increas- 
ing doses  can  be  used  instead,  when 
thyroid  extract  cannot  be  obtained. 
Hyoscine  hydrobromate  Vioo  grain 
t.i.d.  assists  the  reducing  process  by 
increasing  the  propulsive  activity  of 
the  arterioles  and  causing  them  to 
drive  an  excess  of  blood  into  the  fat- 
laden  areas.  Carlsbad,  Hamburg,  and 
Maricnbad  waters  owe  their  virtues 
mainly  to  the  alkaline  and  purgative 
salts  they  contain,  especially  sodium 
sulphate.  As  a  beverage  alkaline 
Vichy  water  is  advantageous  to  en- 
hance the  osmotic  properties  of  the 
blood  and  facilitate  the  elimination 
of  wastes. 

Orchitis    1383 

Osteomalacia   1145,  1258 

Osteomyelitis    1145 

Otorrhoea   1387 

Paralysis  1231,  1239 

Paralysis  Agitans  ..1223,  1324,  1325 

Pericarditis    1388 

An  inflammation  of  the  pericar- 
dium which  occurs  when,  owing  to 
the  presence  in  the  blood  of  the  tox- 
ins of  various  bacteria,  the  pneumo- 
coceus,  the  streptococcus  pyogenes, 
the  tubercle  bacillus,  the  gonococcus 
and  others,  toxic  waste  products,  in- 
flammatory foci,  etc.,  the  adrenal  sys- 
tem is  insufficiently  stimulated  to 
cause  the  appearance  in  the  blood  of 
a  large  quantity  of  auto-antitoxin 
and  thyroidase,  to  expose  the  serous 
membranes  to  autolysis.  In  the  acute 
fibrinous  form,  the  pericardial  sur- 
face is  merely  congested  and  found 
post-mortem  covered  with  a  layer  of 
fibrin;  in  the  sero-fibrinous  variety, 
a  serous  exudate,  varying  from  a  few 
ounces  to  three  pints,  ojcurs  besides 
the  foregoing;  in  the  purulent  form 
the  exudate  becomes  purulent  owing 
to  the  immigration  of  phagocytes. 
All  these  are  various  stages  of  the 
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proteolytic  or  digestive  process  to 
which  the  serous  membrane  is  ex- 
posed. 

Treatment:  This  complication  is 
due  to  the  fact  that  saline  solution  is 
not  used  in  febrile  processes  to  pre- 
serve the  normal  fluidity  of  the  blood. 
Saline  beverages  and  saline  solution 
hypodermically  with  rest  in  the  re- 
cumbent position  are  the  best  meas- 
ures to  adopt  during  the  acute  dis- 
ease. 

Potassium  iodide  is  contraindicated 
during  the  acute  stage,  but  may  be 
used  advantageously  to  promote  ab- 
sorption of  the  effusion  during  con- 
A'alescence.  In  the  purulent  form 
paracentesis  is  often  necessary  lo 
evacuate  the  pus. 

Peritonitis   1346,  1377 

In  the  form  which  occurs  irrespec- 
tive of  any  perforation,  injury,  etc., 
under  the  influence  of  pyogenic 
staphylococci  or  streptococci,  the 
colon  bacillus,  the  gonococcus,  etc., 
the  cause  is  the  same  as  in  pericar- 
ditis, viz.,  autolysis  of  the  serous 
membrane  owing  to  excessive  diges- 
tive activity  and  viscidity  of  the 
blood  circulating  in  its  capillaries. 

Treatment:  Hypodermoclysis  or  in- 
travenous injection  of  saline  solution 
to  reduce  at  once  the  proteolytic  ac- 
tivity of  the  blood,  in  addition  to  the 
usual  dietetic  precautions. 

Pernicious  Anaemia,  treated  in 

full    1778 

Pertussis,  treated  in  full   1710 

Plague,  treated  in  full    1807 

Pleurisy   1168,  1346,  1388 

Inflammation  of  the  pleura,  is  due 
to  the  same  causes  as  pericarditis, 
and  the  pathogenesis  of  its  various 
forms  is  similar. 

Treatment:  The  same  as  in  peri- 
carditis (q.v. ). 

Pneumonia,  treated  in  full....  1659 

Progressive  Anaemia.    See  Pernicious 
Ansemia. 

Puerperal  Eclampsia,  treated  in 

full    1473 

Pulmonary  Tuberculosis, 

treated  in  full    1609 


Pyaemia.    See  Septic  -Diseases. 

Rabies,  treated  in  full   1486 

Hallway  Spine.  See  Traumatic  Neu- 
rosis. 

Rheumatism,  Acute,  1145,  1108,  1282, 
1289,  1293. 

Due  to  the  presence  in  the  blood 
of  any  toxin,  or  toxic,  especially  toxic 
wastes  derived  from  excessive  tissue 
metabolism,  capable  of  e.xciting  vio- 
lently the  test-organ  and  of  increas- 
ing to  an  abnormal  degree,  therefore, 
the  functional  activity  of  the  adrenal 
system.  The  proportion  of  adrenoxi- 
dase  in  the  blood  being  very  greatly 
increased,  as  shown  by  the  tendency 
to  hyperthermia  and  the  anemia 
(due  to  haemolysis),  there  occur  (1) 
hypereonstriction  of  all  vessels  owing 
to  excessive  metabolism  in  tlieir  mus- 
cular coats  and  as  a  result  hyperemia 
of  all  capillaries  (which  are  not  pro- 
vided with  such  a  coat),  including 
those  of  the  serous  membranes,  espe- 
cially those  of  the  joints,  and  (2)  as 
the  result  of  hyperoxygenation  of  the 
pancreas  and  leucocytogenic  tissues 
and  hyperstimulation  of  the  thyroid 
apparatus,  an  accumulation  of  auto- 
antitoxin  and  thyroidase  in  the  blood, 
and  therefore  in  the  plasma  or  serum 
effused  in  the  joints,  serous  mem- 
branes, glandular  elements,  etc. 
Hence  the  swelling,  heat,  severe  pain, 
accumulation  of  fluid,  and  the  in- 
flammatory lesions  including  erosion 
in  the  joints;  hence  also  the  marked 
predilection  of  serous  membranes, 
the  pericardium  and  endocardium,  the 
myocardium,  the  tonsils,  etc.,  to  in- 
flammation; hence,  finally,  the  fi- 
brous adhesions  in  the  joints  and 
around  the  neighboring  structures 
which  provoke  ankylosis. 

While  the  toxins  of  various  bac- 
teria, the  staphylococcus  citreus,  the 
micrococcus  lanceolatus,  the  gonococ- 
cus, may  stimulate  the  test-organ 
sufficiently — especially  in  individuals 
in  whom  this  organ  is  hypersensitive 
— to  provoke  acute  rheumatism,  it  is 
caused  in  most  cases  by  intermediate 
toxic  waste-products  which  appear  in 
the  blood  as  a  result  of  exposure  to 
cold  and  the  resulting  hypocatabolism 
— the  cellular  trypsin  failing,  when 
the  local  temperature  is  below  nor- 
mal, to  break  down  adequately  worn- 
out  cell  material. 
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Treatment:  Prompt  diminution  of 
the  blood's  relative  asset  in  auto- 
antitoxin  and  thyroidase  by  the  use 
of  saline  solution  intravenously.  Hy- 
podermoclysis  is  also  effective,  but 
less  so.  Large  injections  at  110°  F. 
should  be  used.  The  blood  being 
diluted,  metabolism  in  the  muscular 
coats  of  the  arteries  is  reduced  and 
the  hyperconstriction  likewise.  To 
sustain  this  effect,  chloral  hydrate, 
which  not  only  depresses  the  vaso- 
motor center  but  the  test-organ  as 
well,  thus  reducing  the  proportion  of 
auto-antitoxin  and  thyroidase  pro- 
duced, and  counteracting  not  only  the 
disease  itself,  but  preventing  also  the 
dangerous  complications  it  entails. 
SaUci/Uc  acid  and  the  salicylates  are 
not  curative  in  rheumatism;  by  stim- 
ulating the  sympathetic  center  they 
cause  marked  constriction  of  the  arte- 
rioles, and  subdue  the  pain  by  reduc- 
ing the  volume  of  blood  admitted  into 
the  inflamed  area.  The  hyperconstric- 
tion of  the  arterioles  produced  by  ex- 
cessive doses  tends  to  cause  cardiac 
arrest  by  preventing  the  access  of 
blood  to  the  heart-muscle.  Acetani- 
lid  and  morphine,  which  arrest  pain 
in  the  same  way,  are  safer  agents. 

Hheumatism,  Muscular. 

Differs  from  acute  rheumatism 
(q.v. )  only  in  that  the  muscles  bear 
the  brunt  of  the  capillary  hyperemia 
and  that  the  toxic  wastes  due  to  the 
hypocatabolism  that  follows  exposure 
to  cold  are  the  usual  exciting  cause. 

Treatment:  The  salicylates  suffice 
in  this  disorder  to  rapidly  counteract 
pain,  especially  if  alkaline  Vichy  is 
taken  simultaneously  in  large  quan- 
tities. 

Hheumatism,  Chronic. 

Differs  from  the  foregoing  in  that 
the  cause  of  the  disease  is  inadequate 
catabolism  of  tissue  wastes  and  exci- 
tation, by  the  toxic  products  formed, 
of  the  vasomotor  center.  While  the 
pathogenesis  of  the  joint  lesions  in- 
cludes more  or  less  increase  of  the 
vascular  tension  as  in  the  acute  form, 
therefore,  the  original  caiise  is  en- 
tirely different.  It  may  also  be 
brought  on  by  cold  and  the  resulting 
increase  of  products  of  hypocatabol- 
ism this  entails,  but  this  only  aggra- 
vates a  pre-existing  tendency  in  the 
same  direction  due  to  depression  of 


the  functional  activity  of  the  adrenal 
system,  the  disease  occurring  in  de- 
bilitated or  prematurely  old  individ- 
uals, the  poor,  the  overworked,  etc. 
Hence  the  chronicity  of  the  disease, 
the  primary  cause  being  a  more  or 
less  permanent  dyscrasia. 

Treatment:  The  salicylates  afford 
but  temporary  relief  in  this  form  of 
rheumatism.  The  pathogenic  factor 
being  irritation  of  the  vasomotor  cen- 
ter by  toxic  wastes,  the  cause  of  the 
disease  can  only  be  eliminated  by 
agents  which  enhance  catabolism. 
Thyroid  extract  in  small  doses  or  a 
course  of  the  iodides  is  efficient  in 
this  connection.  Colchicurn,  which 
excites  the  sympathetic  center  and  the 
test-organ,  is  valuable  in  this  con- 
nection, 10  drops  of  tne  tincture  be- 
ing given  every  three  hours  with  5 
grains  of  potassium  iodide  during 
acute  attacks,  until  slight  diarrhoea 
appears.  Potassium  bromide,  15 
grains  on  retiring,  depresses  suffi- 
ciently the  vasomotor  center  to  af- 
ford additional  relief,  colchicurn  be- 
ing also  an  analgesic.  Haline  solu- 
tion hypodermically  hastens  the  cura- 
tive process  by  facilitating  the  elim- 
ination of  the  pathogenic  wastes.  In 
this  form,  the  toxic  wastes,  as  in 
gout,  increase  greatly  the  local  irri- 
tation in  the  joints;  heat  or  dry  hot 
air,  by  increasing  the  digestive  activ- 
ity of  the  auto-antitoxin  in  the  ef- 
fused fluids,  affords  a  great  deal  of 
relief.  Massage  is  efficient  through  a 
similar  process. 

Rhinitis,  Chronic   1317,  1387 

Rickets   1145,  1258 

Rose  Cold.  See  Hyperaesthetic  Rhin- 
itis. 

Rubella  (German  Measles). 

A  mild  contagious  disease  bearing 
some  analogy  to  rubeola  and  scarla- 
tina, is  due  to  an  undetermined  toxic 
or  toxin  which  moderately  excites 
the  vasomotor  center,  and  by  thus 
provoking  general  vasoconstriction 
causes  hyperemia  of  the  peripheral 
capillaries  and  accumulation  of  the 
specific  toxic.  The  irritating  action 
of  the  latter  on  the  skin  while  this 
organ  is,  attempting  to  eliminate  it 
is  the  cause  of  the  rash,  the  specific 
character  of  which  is  determined  by 
the  mode  of  irritation  produced. 
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The  specific  poison  also  excites  the 
test-organ,  however,  and  the  blood's 
auto-antitoxin  and  thyroidase  being 
soon  increased,  the  pathogenic  toxic 
is  destroyed. 

Treatment:  The  prognosis  being 
invariably  favorable,  the  only  nie^is- 
ure  indicated  is  one  that  will  hasten 
recovery:  calomel  in  small  doses  fre- 
quently repeated,  by  exciting  the  test- 
organ  may  be  used  to  antedate  the 
specific  poison  and  cause  prompt  ap- 
pearance of  an  excess  of  auto-anti- 
toxin to  destroy  the  latter.  Free 
drinking  of  water  to  facilitate  the 
antitoxic  process  and  insure  elimina- 
tion of  wastes  while  protecting  the 
kidneys  is  an  important  feature  of 
the  treatment. 

Rubeola  (Measles). 

An  e.xtremely  contagious  disease, 
due  to  an  unidentified  toxin  which 
excites  the  vasomotor  center,  thus 
causing  (as  in  rubella)  general  vaso- 
constriction and  hyperaemia  of  the 
peripheral  capillaries.  Hence  the 
conjunctival  congestion,  the  naso- 
pharyngo-bronchial  catarrh,  and  the 
rash  due  to  irritation  of  the  skin 
by  the  specific  poison  while  it  is  be- 
ing eliminated.  The  peripheral  hy- 
peraemia is  such  in  some  cases  that 
haemorrhage  into  the  skin  is  caused, 
constituting  the  "hwrnorrhagic"  or 
"black"  measles  observed  in  adults. 

The  poison  by  exciting  the  test- 
organ  also  provides,  in  the  vast  ma- 
jority of  caseSj  for  its  own  destruc- 
tion by  thus  promoting  the  formation 
of  an  excess  of  auto-antitoxin  and 
thyroidase  (opsonin)  in  the  blood 
which  finally  destroys  the  patho- 
genic poison. 

The  complications  may  be  of  the 
sthenic  type,  i.e.,  broncho-pneumonia 
due  to  excessive  congestion  of  the 
pulmonary  capillaries,  laryngitis, 
neuritis,  myelitis,  etc.,  all  due  to  ex- 
cessive vasoconstriction,  and,  when 
the  circulation  is  impeded,  aural  and 
ophthalmic  disorders,  stomatitis,  etc.; 
or  of  the  asthenic  type:  pneumonia, 
tuberculosis,  or  ulcerative  aural  or 
ophthalmic  disorders,  due  to  the  vul- 
nerable condition  in  which  the  dis- 
ease leaves  the  body,  and  which  lasts 
until  the  overworked  adrenal  system 
resvimes  its  normal  activity. 

Treatment:  If  the  case  is  seen 
early,   calomel  or   the   Mniodide  of 


mercury  in  small  frequently  repeated 
doses,  and  trie  free  use  of  cold  water 
as  a  beverage  will  often  curtail  the 
disease  by  stimulating  the  adrenal 
system,  thus  insuring  prompt  de- 
struction of  patiiogenic  toxin  by  the 
excess  of  auto-antitoxin  produced. 
If  the  rash  is  already  clearly  defined, 
the  aim  should  be  to  counteract  the 
excessive  vascular  tension  while  en- 
hancing the  antitoxic  process  in  the 
cutaneous  capillaries.  Aconite  by 
depressing  the  sympathetic  center 
accomplishes  this  purpose;  the  arte- 
rioles being  dilated,  the  volume  of 
blood  in  transit  through  the  capil- 
laries is  increased  and  the  antitoxic 
process  is  active  in  proportion.  In 
mild  cases,  sweet  spirits  of  niter, 
which  depresses  the  vasomotor  center, 
suffices.  Saline  solution  used  freely 
as  a  beverage  reduces  markedly  the 
vascular  tension  by  preserving  the 
blood's  normal  fluidity.  This  goes 
far  towards  preventing  complications. 

Saprsemia.    See  Septic  Diseases. 

Sarcoma.    See  Cancer. 

Scarlatina. 

A  contagious  disease  due  to  the 
toxin  of  an  unidentified  organism, 
which  toxin  excites  violently  both 
the  vasomotor  center  and  the  test- 
organ.  Hence  the  high  fever  which 
characterizes  the  disease,  the  febrile 
process  being  supplemented  by  in- 
tense hyperaemia  of  the  cutaneous 
capillaries  which  occurs  as  a  result 
of  the  excessive  vascular  tension. 
Hence  also  the  widespread  blush  or 
uniform  redness  which  characterizes 
tlie  eruption  and  its  disappearance 
on  pressure,  the  latter  causing  a  mo- 
mentary depletion  of  tiie  capillaries. 
The  strawberry  tongue,  the  severe 
congestion  of  the  entire  respiratory 
tract,  the  hsemorrhagic  extravasa- 
tions, epistaxis  and  hsematuria,  oc- 
casionally observed,  are  all  due  to  ex- 
cessive capillary  congestion.  This  is 
sufficiently  great  in  some  instances 
to  provoke  "complications,"  viz.,  ef- 
fusion into  the  joints  similar  to  that 
in  acute  rheumatism;  otitis,  menin- 
gitis, adenitis,  neuritis,  etc. 

The  most  dangerous  complications, 
however,  are  those  due  to  the  excess 
of  auto-antitoxin  and  thyroidase  in 
the  blood,  i.e.,  inflammation  of  the 
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serous  membranes,  endocarditis,  peri- 
carditis, and  pleurisy.  Of  the  ter- 
minal complications  the  most  fre- 
quent  by  far  is  nephritis  due  to  the 
liberation  of  pent-up  waste-products, 
which  may  appear  during  the  second 
week  or  later  when  desquamation  is 
Hearing  completion. 

Treatment:  The  disease  may  some- 
times be  controlled,  if  recognized 
early,  by  calomel  given  in  frequently 
repeated  doses  until  the  stools  be- 
come greenish.  As  a  rule,  however, 
the  physician  is  called  when  the 
eruption  has  appeared,  i.e.,  when  the 
vasomotor  center  and  the  test-organ 
are  violently  excited  by  the  poison. 
The  dangerous  features  of  the  disease 
being  due  to  excessive  vascular  ten- 
sion and  autolysis  of  the  serous  mem- 
branes, chloral  hydrate,  which  de- 
presses both  the  excited  centers,  is 
indicated  when  the  fever  is  abnor- 
nvally  high.  In  the  average  case, 
however,  depression  of  the  sympa- 
thetic center  with  aconite  will  lower 
the  excessive  tension  without  lower- 
ing the  antitoxic  power  of  the  blood. 

One  important  indication  in  this 
disease  is  the  use  of  saline  beverages 
from  the  outset  in  sufficiently  large 
doses  to  insure  the  elimination  of 
wastes  as  soon  as  formed  by  tlie  kid- 
neys, thus  avoiding  the  accumulation 
which  later  would  cause  nephritis. 
Saline  solution  enemata  at  10.5°  F. 
are  also  useful  in  this  connection,  be- 
sides keeping  the  bowels  free. 

The  naso-pharyngeal  cavities  should 
be  kept  as  free  of  discharges  as  pos- 
sible in  order  to  avoid  aural  disor- 
ders. A  solution  of  hydrogen  per- 
oxide 1  in  3  is  valuable  for  this  pur- 
pose when  iised  with  atomizer,  the 
oxygen  liberated  increasing  markedly 
the  germicidal  properties  of  the  nasal 
mucus. 

Sciatica.    See  Neuritis. 

Seminal  Emissions    1.342 

Septic  Diseases. 

Saprcvmia  caused  by  putrefactive 
bacteria  derived  from  retained  frag- 
ments of  placenta,  purulent  mate- 
rials in  wounds,  etc.;  septicwrnia,  due 
to  the  pyogenic  streptococci  and 
staphylococci  and  other  germs  which 
invade  the  blood  from  a  contaminated 
focus;   and  pywrnia,  in  which  venous 


thrombi  caused  by  bacteria  provoke 
abscesses  where  they  occur,  are  all  ag- 
gravated by  debility  of  the  adrenal 
system  from  whatever  cause,  and  de- 
ficient alkalinity  of  the  blood,  which 
inhibits  the  bacteriolytic  properties 
of  its  auto-antito.xin. 

Treatment:  Besides  the  usual  sur- 
gical measures,  thyroid  extract  should 
be  given  in  such  cases,  and  alkaline 
beverages  or  saline  solution  likewise. 

Shingles.     See  Neuralgia. 

Shock   1175,  1215,  1231,  1258 

Sick  Headache.    See  Migraine. 

Simple  Anaemia.    See  Anaemia. 

Small-pox.    See  Variola. 

Sporadic  Cholera.    See  Cholera  Mor- 
bus. 

Stomatitis,  Gangrenous. 

In  this  form  of  stomatitis,  which 
occurs  in  debilitated  children  espe- 
cially after  measles,  the  necrosis  of 
tissues  is  due  to  a  deficient  nutrition 
owing  to  depression  of  the  functions 
of  the  adrenal  system. 

Treatment:  Small  doses  of  thyroid 
extract  added  to  the  usual  measures 
do  much  to  insure  recovery  by  in- 
creasing general  nutrition. 

Sunstroke.    See  Heat-stroke. 

Syphilis,  treated  in  full   1795 

Tetanus,  treated  in  full   1437 

Tetanus,  Intermittent.    See  Tetany. 

Tetany,  treated  in  full   14r9 

Tic  Douloureux.    See  Neuritis. 

Tonsillitis   1158,  12i4,  1245 

Torticollis   1215 

Tracheobronchitis.     See  Bronchitis, 
Acute. 

Traumatic  Neuroses. 

Produced  by  violent  shocks  such  as 
those  experienced  in  railroad  acci- 
dents, explosions,  shipwreck,  etc.,  are 
due    to    violent    concussion    of  the 
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sympathetic  center,  the  most  sensi- 
tive center  of  the  sensorium  com- 
mune. In  some  instances  its  func- 
tional activity  is  depressed;  the  arte- 
rioles of  the  entire  organism  being  re- 
laxed, nutrition  is  imperfect  and  a 
condition  resembling  neurasthenia 
follows.  In  others,  the  sympathetic 
center  is  rendered  hypersemic,  and 
hysteria  (q.v. )  with  all  its  manifes- 
tations including  paralysis  and  con- 
tractures is  induced.  In  a  third  class 
of  cases,  the  disturbances  of  the  cir- 
culation form  the  starting-point  of 
various  disorders,  such  as  localized 
arterial  degeneration,  haemorrhages, 
pachymeningitis,  areas  of  sclerosis, 
optic  atrophy,  etc. 

Treatment:  That  of  the  diseases 
produced :  neurasthenia,  hysteria, 
etc. 

Typhoid  Fever,  treated  in  full.  1758 

Typhus    1215 

TJlcerative    Colitis,      See  Enteritis, 
Chronic. 

Uraemia   1357,  1383 

Uricsemia.    See  Gout. 

Vaccination    765 

Variola  (Small-pox). 

A  highly  contagious  disease  in  sub- 
jects that  have  not  been  immunized 
by  vaccination,  due  to  the  presence 
in  the  blood  of  some  unidentified 
toxin  or  toxins  which  excite  with 
great  violence  the  three  centers  that 
govern  the  blood-vascular  system  and 
the  protective  functions  of  the  body: 
the  test-organ  and  its  adreno-thyroid 
center,  the  vasomotor  and  sympa- 
thetic centers.  As  a  result  of  the 
vasomotor  hyperactivity,  all  the  ves- 
sels of  the  body  are  excessively  con- 
stricted, the  blood  being  driven  for- 
cibly by  the  deeper  vessels  to  the 
cutaneous  capillaries,  while  the  sym- 
pathetic hyperactivity  increases  the 
propulsive  activity  of  the  arterioles. 
The  violent  excitation  of  the  test- 
organ  causing  the  formation  of  a 
large  excess  of  auto-antitoxin  and 
thyroidase,  the  blood  thus  projected 
forcibly  into  the  cutaneous  capil- 
laries and  which  filtrates  into  the  tis- 
sues, is  intensely  active  as  a  diges- 


tive agent  and  the  tissues  are  de- 
stroyed by  it,  i.e.,  subjected  to  auto- 
lysis. Hence  the  foci  of  necrosis 
which  are  formed  and,  when  the  pa- 
pillae of  the  true  skin  are  involved, 
the  pitting. 

This  autolysis  is  not  limited  to  the 
skin;  the  mucous  membranes  are 
often  macerated  and  studded  with  ul- 
cers, and  various  viscera,  especially 
the  liver,  show  areas  of  cloudy  swell- 
ing. The  cutaneous  hypersemia  may 
be  such  as  to  produce  haemorrhage 
into  the  tissues,  i.e.,  the  haemorrhagie 
form. 

The  face  is  the  seat  of  the  great- 
est number  of  pock-marks  because  it 
is  nearest  to  the  overstimulated  cen- 
ters. 

Treatment:  In  no  febrile  disease  is 
the  use  of  saline  solution  more  im- 
peratively indicated  to  dilute  the 
blood,  reduce  its  excessive  proteo- 
lytic activity,  and  insure  the  prompt 
elimination  of  the  enormous  quan- 
tity of  wastes  (due  to  hypermetabol- 
ism) formed  besides  the  pathogenic 
poison.  Both  wastes  and  poison  ex- 
cite the  vasomotor  center  and  the 
test-organ  and  thus  keep  up  the  most 
dangerous  phenomena  of  the  disease. 
Nothing  short  of  hypodermoclysis  or 
endovenous  injections  of  large  quan- 
tities of  saline  solution  is  indicated. 

Of  the  internal  remedies  that  are 
mentioned  in  text-books,  some — mer- 
curial preparations,  antitoxin,  iodine, 
etc. — are  positively  harmful.  With 
the  use  of  saline  solution,  the  anti- 
toxic process  as  regards  the  disease 
itself  is  not  antagonized;  it  is  sim- 
ply kept  within  safe  bounds.  In  cases 
which  resist  this  measure,  the  pro- 
teolytic process  may  be  still  further 
controlled  by  chloral  hydrate,  which 
depresses  both  the  vasomotor  center 
and  the  functional  activity  of  the 
adrenal  system,  but  the  full  defen- 
sive action  of  the  blood  may  be  pre- 
served by  means  of  aconite,  which 
only  depresses  the  sympathetic  center 
and  thus  reduces  the  violence  of  the 
blood-stream  that  penetrates  the 
capillaries  and  the  surrounding  tis- 
sues. 

The  external  antiseptic  applica- 
tions in  general  use  are  of  value  in 
that  they  preserve  the  skin's  cleanli- 
ness. 

Whooping  Cough.    See  Pertussis. 
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Yellow  Fever. 

An  acute  infectious  disease  due  to 
the  toxin  of  some  as  yet  unidentified 
niicrooiganism  which  depresses,  or 
paralyzes  in  severe  cases,  the  sympa- 
tlietic  center.  The  pathogenic  toxin, 
iiowever,  simultaneously  provokes  a 
violent  reaction  of  the  test-organ  and 
therefore  accumulation  in  the  blood 
of  a  corresponding  excess  of  auto- 
antitoxin  and  thyroidase.  As  all  tis- 
sues are  thus  flooded  through  tlieir 
diluted  arterioles  with  blood  whose 
proteolytic  or  digestive  power  is  very 
marked,  hivmolysis  and  autolysis  oc- 
cur. To  the  passive  congestion  are 
due:  the  flushed  face,  the  swollen 
eyelids,  tne  conjunctival  and  faucial 
congestion,  the  intense  headache,  the 
muscular  pains,  and  the  want  of  cor- 
respondence between  tlie  temperature 
and  the  pulse-rate,  the  central  con- 
trol of  the  arterioles  (which  through 
tlieir  changes  of  caliber  and  their 
propulsive  activity  govern  these 
phenomena)  having  ceased.  To  tlie 
stasis  in  the  STiperficial  capillaries  of 
the  skin  and  conjunctiva,  caused  by 
the  slowing  of  the  blood-stream,  is  due 
the  yellow  coloration  of  the  skin  :iu<l 
eyes,  the  tinfje  being  due  to  oxidation 
of  what  adrenal  ])nnciple  is  left  in 
the  skin  after  disintegration  of  the 
liDemoglobin  molecule.  To  the  exces- 
sive proteolytic  activity  of  the  blood 
are  due  the  fatty  degeneration  and 
necrosis  of  the  hepatic  tissue;  the 
cloudy  swelling  of  the  kidneys;  the 
active  hsemolysis;  the  capillary  ero- 
sions which  cause  hipmorrhage  in 
variotis  tissues  including  the  gastric 
mucosa,  the  source  of  the  black 
vomit. 

Treatment:  If  the  case  is  seen 
early  the  aim  should  be  to  check  if 


possible  the  increase  of  the  toxin  in 
the  blood  by  destroying  its  source: 
the  unidentified  pathogenic  organism. 
The  inercuric  bichloride  Voo  grain  and 
sodium,  bicarbonate  TVa  grains  every 
hour  (Sternberg),  not  only  forestail 
the  pathogenic  poison  by  stimulating 
the  adrenal  center,  thus  provoking 
tlie  appearance  of  an  excess  of  auto- 
antitoxin  and  thyroidase  (opsonin) 
in  the  blood,  but  the  sodium  salt  in- 
creases the  alkalinity  of  the  latter 
and  enhances  its  bactericidal  proper- 
ties. If  the  morbid  process  persists 
unchecked,  however,  the  first  twenty- 
four  hours,  the  mercury  should  be 
replaced  by  saline  solution  intraven- 
ously to  increase  the  fluidity  of  the 
blood  and  thus  reduce  its  depressing 
action  on  the  sympathetic  center, 
which  is  thus  rendered  more  amenable 
to  agents  which  stimulate  it,  viz.. 
ontijjijrin  or  acetanilid  in  hourly 
doses  until  the  dilated  arterioles  re- 
sume their  normal  caliber,  as  shown 
by  the  diminution  of  the  facial  red- 
ness and  the  improved  cardiac  ac- 
tion. To  cause  further  depletion  of 
the  capillary  system  Of  the  entire  or- 
ganism, potassiinn  bromide  or  ye)-a- 
tnim  viride,  which  depress  the  vaso- 
motor, may  also  be  used,  the  blood  be- 
ing thus  caused  to  accumulate  in  the 
large  central  arteries. 

i\one  of  these  compromise  the  de- 
fensive properties  of  the  blood,  the 
really  harmful  feature  of  the  disease 
being  the  dilation  of  the  arterioles 
and  the  admission  of  an  excess  of 
blood  rich  in  aut«-antitoxin  into  the 
capillaries.  Cold  applications,  spong- 
iufi,  are  of  great  value  to  facilitate 
the  dissipation  of  heat. 

Zona.    See  Neuritis. 
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